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Abstract:  Traditional farming practices often involve the labour-intensive use of backpack sprayers for 

crop management, which can be time-consuming, costly, and physically exhausting. This project introduces 

an innovative agricultural reciprocating multi-sprayer designed to alleviate these challenges through 

advanced fabrication techniques. The multi-sprayer employs a slider crank mechanism to convert rotary 

motion into reciprocating motion, ensuring the continuous and consistent flow of pesticide through precision 

nozzles. These nozzles provide adjustable spraying options, ranging from focused streams to fine mists, to 

cater to varying agricultural needs. Additionally, the device features an adjustable pressure system and an 

integrated weed cutter to remove unwanted plants. By incorporating this multi-sprayer, farmers can 

significantly reduce the time and effort required for spraying and weeding, thereby minimizing labour fatigue 

and lowering costs. This fabrication-driven solution promises to enhance efficiency and effectiveness in 

agricultural crop management.   
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1.1 Overview 

The world population is increasing day by day and the demand for energy is increasing accordingly. Oil and 

coal as the main source of energy nowadays, is expected to end up from the world during the recent century 

which explores a serious problem in providing the humanity with an affordable and reliable source of energy. 

The need of the hour is renewable energy resources with cheap running costs. Solar energy is considered as 

one of the main energy resources in warm countries. 

 

fig. 1.1 sun path at latitude of 30° 

      In general, India has a relatively long sunny day for more than ten months and partly cloudy sky for most 

of the days of the rest two months. This makes our country, especially the desert sides in the west, which 

include Rajasthan, Gujarat, Madhya Pradesh etc. very rich is solar energy. Many projects have been done on 

using photovoltaic cells 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882 

IJCRT2505274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c410 
 

 in collecting solar radiation and converting it into electrical energy but most of these projects did not take 

into account the difference of the sun angle of incidence by installing the panels in a fixed orientation which 

influences very highly the solar energy collected by the panel.  

         As we know that the angle of inclination ranges between -90° after sun rise and +90° before sun set 

passing with 0° at noon. This makes the collected solar radiation to be 0% at sun rise and sun set and 100% 

at noon. This variation of solar radiations collection leads the photovoltaic panel to lose more than 40% of 

the collected energy Fig. 1.1 shows the yearly sun path at the latitude of30°. From the figure 1.1, one can 

estimate the exact position of sun in every 

 

fig 1.2 solar angle of incidence 

Fig l. 2 Curve for the relationship between the solar radiation and the solar angle of incidence. 

Month and at any time during the day. The position is decided by two angles in spherical coordinates, the 

Altitude angle which is the angle of the sun in the vertical plane in which the sun lies, and the Azimuth angle 

which represents the angle of the projected position of the sun in the horizontal plane. These two angles will 

be discussed deeply later in this document. Fig. 1.2 shows a curve for the relationship between the solar 

radiation and the solar angle of incidence. This figure shows that solar radiations falling on the solar array 

will be maximum when the angle of incidence on the panel is 0º which means that the panel is 

perpendicular to the sun. 

1.2 Solar Energy 
Solar energy is the energy obtained from the sun’s radiation, which reaches the Earth in the form of light and 

heat. This energy can be harnessed using various technologies, such as solar panels that convert sunlight into 

electricity, and solar thermal systems that use sunlight to generate heat. As a clean and renewable source of 

energy, solar power offers a sustainable alternative to fossil fuels, helping to reduce pollution and combat 

climate change. It is abundant, widely available, and can be used in a variety of applications, including 

residential, commercial, and industrial sectors, making it a vital component of the global shift toward green 

energy. 

 

 

1.3 Solar Power In India 

 In July 2009, India unveiled a US$19 billion plan to produce 20 GW (20,000MW) of solar power by 2020. 

Under the plan, the use of solar-powered equipment and applications would be made compulsory in all 

government buildings, as well as hospitals and hotels. On November 18, 2009, it was reported that India was 

ready to launch its National Solar Mission under the National Action Plan on Climate Change, with plans to 

generate 1,000 MW of power by 2013. 

1.3.1 India's largest photovoltaic (PV) power plants 

1. Reliance Power Pokaran Solar PV Plant, Rajasthan, 40MW 02011-06 June 2011 Commissioning 

in March 2012. 

2. AdaniBitta Solar Plant, Gujarat, 40MW 02011-06 June 2011 To be Completed December 2011. 
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3. Moser Baer Patan, Gujarat, 30MW 02011-06 June 2011 Commissioned July 2011. 

4. Azure Power Sabarkantha, Gujarat, 10MW 02011-06 June 2011 Commissioned June 2011. 

5. Green Infra Solar Energy Limited Rajkot, Gujarat, 10M W 02011-11-29 November 29, 2011 

Commissioned November 2011. 

1.4 Wind Energy 

Wind energy is a clean, renewable source of power generated by converting the kinetic energy of wind into 

electrical energy using wind turbines. As the wind turns the blades of the turbine, it spins a generator that 

produces electricity. Wind power is eco-friendly, widely available, and produces no harmful emissions, 

making it a sustainable alternative to fossil fuels. It can be harnessed in various locations, especially in open 

and elevated areas where wind speed is consistently high. In hybrid systems, wind energy complements solar 

power by generating electricity during cloudy days or at night, ensuring continuous and efficient power 

supply. 

1.4.1 Wind Turbine 

A wind turbine is a key component of the hybrid power generation system that converts the kinetic energy 

of wind into electrical energy. It consists of blades mounted on a rotor connected to a generator. When the 

wind blows, the blades spin, turning the rotor and generating electricity. The electricity produced is in DC 

(Direct Current) form, which is then stored in a battery or converted to AC (Alternating Current) through an 

inverter for use. Wind turbines are highly effective in areas with consistent wind flow and are especially 

useful for generating power at night or during cloudy weather, making them a perfect complement to solar 

panels in hybrid systems. 

1.4.2 Wind Turbine Generator 

The wind turbine generator is the main component responsible for converting mechanical energy from the 

wind turbine into electrical energy. When the wind blows, it causes the blades of the turbine to rotate. These 

blades are connected to a rotor, which spins a shaft connected to the generator. Inside the generator, this 

rotation causes magnets and coils to interact, producing electricity through the principle of electromagnetic 

induction. 

In most small-scale hybrid systems, a Permanent Magnet DC (PMDC) generator is used because it is 

efficient at low wind speeds and provides stable DC output, which can be stored in batteries. The generated 

DC power is then either stored directly or converted into AC using an inverter for household use. 

The performance of the wind turbine generator depends on several factors, such as wind speed, blade size, 

and generator design. It plays a crucial role in ensuring consistent energy generation during periods when 

solar power is unavailable, like nighttime or cloudy days, making it a vital part of the hybrid system. 

1.5  Hybrid System  

 A hybrid power generation system combines two or more energy sources to produce electricity in a more 

reliable and efficient manner. In the context of renewable energy, the most common hybrid systems integrate 

solar and wind power due to their complementary nature. Solar panels generate electricity during the day 

when sunlight is available, while wind turbines can operate both day and night depending on wind conditions. 

By combining these sources, the system ensures a more consistent and stable supply of energy, reducing 

dependence on any single source. Hybrid systems are particularly useful in remote or off-grid areas, where 

traditional grid power is not available or is unreliable. They are also environmentally friendly, cost-effective 

in the long run, and contribute to reducing carbon emissions. 

1.6 Objective Of The Work 

 The main objective of this project is to design and develop a hybrid power generation system that 

utilizes both solar and wind energy to provide a reliable, eco-friendly, and efficient source of 

electricity. The system aims to: 

 Harness renewable energy sources (solar and wind) to reduce dependency on non-renewable fossil 

fuels. 

 Ensure continuous power supply by combining two complementary energy sources, balancing energy 

availability throughout the day and in different weather conditions. 
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 Store generated energy in a battery for later use, ensuring power is available during periods with no 

sun or wind. 

 Provide DC and AC output through proper conversion and control, making the system suitable for 

real-world applications. 

 Promote sustainable energy solutions for rural, remote, or off-grid areas where conventional power 

access is limited or unreliable. 

 Encourage the use of clean energy technology for environmental protection and long-term energy 

independence. 

LITERATURE REVIEW 
Hybrid power generation systems have emerged as a sustainable and reliable solution to meet growing global 

energy demands, especially in remote and off-grid areas. Among various hybrid combinations, solar-wind 

systems have gained significant attention due to the complementary nature of these two renewable sources. 

During daytime and sunny seasons, solar panels contribute maximum output, whereas wind turbines can 

generate power during cloudy weather or at night when solar energy is unavailable. This synergy ensures a 

more continuous and stable energy supply compared to standalone systems. 

Several research studies and practical implementations have demonstrated the effectiveness of solar-wind 

hybrid systems in reducing dependency on fossil fuels and minimizing greenhouse gas emissions. For 

instance, hybrid systems have been deployed in rural electrification projects, telecommunication towers, and 

emergency power setups. Many researchers have proposed optimized models for energy management, 

focusing on maximizing efficiency, reducing costs, and improving battery charging cycles. Advances in 

power electronics, such as MPPT (Maximum Power Point Tracking) controllers and efficient inverters, have 

further enhanced the performance of hybrid setups. 

Moreover, studies show that integrating hybrid systems with energy storage devices (like batteries) and 

intelligent control systems can greatly improve reliability and power quality. Simulation tools like 

MATLAB/Simulink and HOMER have been used extensively to analyze performance under different 

environmental and load conditions. As renewable technologies continue to evolve, hybrid solar-wind systems 

are expected to become even more cost-effective and widely adopted in residential, commercial, and 

industrial applications. 

3.1 Introduction Of Hybrid System 

A hybrid power system is a combination of two or more energy sources, typically renewable, used together 

to generate electricity. The aim of hybrid systems is to harness the strengths of different energy sources to 

provide a reliable, sustainable, and cost-effective solution for power generation. Commonly, hybrid systems 

combine renewable energy sources like solar, wind, hydropower, and biomass, with backup or supplementary 

energy sources such as diesel generators or battery storage. 

The key advantage of hybrid systems lies in their ability to address the intermittency of individual renewable 

sources. For example, solar energy is only available during daylight hours, while wind energy is highly 

dependent on wind speeds. By integrating multiple sources, a hybrid system ensures a more constant and 

reliable power supply. This is especially useful in remote or off-grid areas where grid connectivity is 

unavailable or unreliable. 

3.2 Need For Hybrid System 

Hybrid power systems have become essential in the modern energy landscape due to their ability to address 

the challenges posed by the growing demand for energy. As the reliance on renewable energy sources like 

solar and wind increases, the intermittency of these resources remains a significant challenge. Solar power 

is only available during the day, and wind energy depends on weather conditions, making it unpredictable. A 

hybrid system, which combines multiple energy sources such as solar, wind, and diesel, provides a reliable 

and continuous energy supply by compensating for the downtime of any one source. 

In addition, hybrid systems are crucial for areas without access to the national grid, such as remote or off-

grid regions. These systems ensure energy security and reliability by providing power in locations where 

traditional infrastructure is lacking. By integrating renewable sources, hybrid systems help reduce 

dependence on fossil fuels, thereby lowering carbon emissions and supporting the global transition toward 

more sustainable energy solutions. Furthermore, hybrid systems offer a cost-effective alternative to 
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traditional energy generation by decreasing fuel consumption and operational costs over time, especially 

when combined with battery storage. 

The flexibility and scalability of hybrid systems make them ideal for various applications, from small 

residential setups to large-scale industrial operations. They provide an adaptable solution to meet specific 

energy needs, ensuring that energy supply remains stable, regardless of environmental factors. Hybrid 

systems also contribute to grid stability by feeding excess power into the grid, helping to balance demand 

during peak hours. Overall, hybrid systems are not just a solution for meeting energy needs but are also key 

to ensuring a cleaner, more sustainable future. 

3.3 Types Of Hybrid System 

 Solar–Wind Hybrid System 

 Solar–Diesel Hybrid System 

 Wind–Diesel Hybrid System 

 Solar–Wind–Diesel Hybrid System 

 Solar–Hydro Hybrid System 

3.3.1 Solar–Wind Hybrid System 

A solar-wind hybrid system is a renewable energy setup that combines both solar power (from photovoltaic 

panels) and wind power (from wind turbines) to generate electricity. The primary advantage of this system 

is its ability to produce continuous power, even when one of the sources is unavailable or less effective. For 

example, solar panels work best during the daytime under sunny conditions, while wind turbines can generate 

power during the night or cloudy days when wind is present. 

This complementary relationship between solar and wind energy helps reduce power interruptions and 

improves the efficiency and reliability of the power system. The energy generated is usually stored in 

batteries or used to power loads directly. In some cases, the system includes a charge controller, inverter, and 

monitoring system to regulate, convert, and manage energy usage. 

Solar-wind hybrid systems are ideal for remote or rural areas, off-grid applications, and standalone power 

systems where consistent electricity is required but the main grid is unavailable or unreliable. They also 

contribute to reducing carbon emissions and promoting clean, sustainable energy. 

4.1 List Of Hardware Components 
1.solar panels 

2.dc motor 

3.charge controller 

4.battery 

5.inverter 

6.wheels 

7.switch board 

8.alligator clips  

9.wire 

10.usb and ac plugs 

11.circuit board 
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4.2 Solar Panels 

A solar panel, or photovoltaic (PV) module, is composed of multiple solar cells that convert solar radiation 

into electrical energy through the photovoltaic effect. Each cell generates a small voltage (~0.5V), and when 

connected in series and parallel, they provide higher voltage and current outputs. Monocrystalline and 

polycrystalline are the most common types, with monocrystalline offering higher efficiency. The panel's 

performance depends on factors such as solar irradiance, temperature, angle of inclination, and shading. 

4.2.1 Specifications Of The Solar Panel 

1.Material    : Silicon 

2.Wattage     : 10W 

3.Type           : Polycrystalline  

4.No of cells: 64 

5.Output Voltage: 20V 

6.Voltage at maximum power: 16.5V 

7.Tolerance: 5% 

 

fig 4.1 solar panel 

4.3 DC Motor 

 Although motor gives 60 RPM at 12V but motor runs smoothly from 4V to 12V and gives wide range of 

RPM, and torque, 60RPM Centre Shaft Economy Series DC Motor is high quality low cost DC geared motor. 

4.3.1 Specifications Of DC Motor: 

DC supply: 4 to 12V 

RPM: 1200 at 12V 

Total length: 46mm 

Motor diameter: 36mm 

Motor length: 25mm 

Brush type: Precious metal 

Gear head diameter: 37mm 

Gear head length: 21mm 

Output shaft: Centered 

Shaft diameter: 6mm 

Shaft length: 22mm 

Motor weight: 105gmS 
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fig 4.2 dc motor 

4.4 Charge Controller 

The charge controller acts as a voltage and current regulator between the energy sources and the battery bank. 

It prevents overcharging, which can reduce battery life, and over-discharging, which can permanently 

damage the battery. MPPT (Maximum Power Point Tracking) charge controllers are more advanced and can 

extract maximum power from the solar panel by continuously tracking the optimal voltage point. It also 

ensures coordinated charging when both solar and wind sources are contributing simultaneously. 

 

fig 4.3 charge controller 

4.5 Battery 

The battery is a key component in a solar-wind hybrid power system, used to store the electrical energy 

generated by the solar panels and wind turbine. It allows the system to supply power during periods when 

there is no sunlight or wind, ensuring a continuous power supply. Deep-cycle batteries, such as lead-acid or 

lithium-ion types, are commonly used because they can withstand repeated charging and discharging. The 

battery's capacity, usually measured in ampere-hours (Ah), determines how much energy can be stored for 

later use. A well-maintained battery improves system efficiency, extends backup time, and supports stable 

operation during fluctuating weather conditions. 

4.5.1 Specifications Of Battery 

Parameter Description 

Type Lead-Acid  

Voltage 12V DC 

Capacity 8Ah  

Charge Voltage 13.5V – 14.5V DC 

Discharge Cut-off 10.5V – 11.0V DC 

Cycle Life 500 – 2000 cycles (depending on type) 

Operating Temperature -10°C to 50°C 

Maintenance Low (for sealed or lithium batteries) 
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Parameter Description 

  

 

fig 4.4 battery 

4.6 Inverter 

The inverter is an essential component in a solar-wind hybrid power system that converts the DC (Direct 

Current) electricity stored in the battery into AC (Alternating Current) electricity, which is used to power 

most household and industrial appliances. Since solar panels and wind turbines typically produce DC output, 

the inverter ensures compatibility with standard electrical devices. It also helps regulate voltage and 

frequency for stable operation. Some inverters include built-in protections against overloads, short circuits, 

and low battery voltage. A high-quality inverter improves the efficiency, safety, and reliability of the overall 

system.  

4.7 Wheels 

Wheels are included in the hybrid power generation system to enhance portability and ease of transportation. 

They allow the entire setup—including the solar panel, wind turbine, and battery bank—to be moved from 

one location to another without dismantling the components. This is especially useful for field 

demonstrations, temporary power supply in remote areas, or mobile research applications. The wheels are 

usually attached to a metal frame or base and are selected based on load capacity, durability, and terrain 

compatibility to ensure smooth movement and stability of the system. 

 

fig 4.5 wheels 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882 

IJCRT2505274 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org c417 
 

4.8 Switch Board 

Switch boards are used in the hybrid power generation system to manage and control the flow of electricity 

from the solar and wind sources to different components like the battery, inverter, and load. They serve as 

the central point for connecting and disconnecting electrical circuits, ensuring safe operation and 

maintenance of the system. Switch boards typically include fuses, circuit breakers, switches, and indicators 

to protect against short circuits, overloads, and system faults. They help in isolating parts of the system during 

maintenance and allow manual control over the power flow, making the system more reliable and user-

friendly. 

 

fig 4.6 switch 

 

4.9 Alligator Clips 

Alligator clips are small, spring-loaded clamps used to make temporary electrical connections in the hybrid 

power generation system. They are typically used for connecting wires to terminals, battery points, or testing 

equipment during assembly, maintenance, or troubleshooting. The clips have metal jaws with serrated edges 

that grip securely, and are often insulated with rubber or plastic covers for safety. Alligator clips provide a 

quick and easy way to connect and disconnect circuits without the need for permanent wiring or soldering. 

 

fig 4.7 alligator clips 

4.10 Wire 

Wire connections are essential for transmitting electrical power between the components of a hybrid power 

generation system, such as the solar panel, wind turbine, battery, inverter, and controller. Proper wiring 

ensures efficient and safe flow of current throughout the system. Different types and gauges of wires are used 

depending on the voltage and current levels. Good quality copper wires with proper insulation are commonly 

used to minimize energy loss and prevent overheating. Secure and correct wire connections also help in 

reducing short circuits, voltage drops, and system failures, ensuring the reliability and safety of the entire 

setup.  
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4.11 Circuit Board 

 

fig 4.9 circuit board 

A circuit board, more formally known as a Printed Circuit Board (PCB), is the foundation of most electronic 

systems. In your hybrid power generation project, the circuit board is the platform that interconnects and 

supports electronic components such as transistors, resistors, capacitors, diodes, ICs, and connectors. 

4.12 Transformer (Ej33a-195 J) 

The yellow component marked "EJ33A-195 J" is a ferrite core transformer, commonly found in power 

electronic circuits like inverters, SMPS (Switched Mode Power Supply), and chargers. In the context of your 

hybrid solar-wind power generation system, this transformer plays a crucial role in managing voltage 

conversion and electrical isolation. 

 4.12.1 Functionality In The Circuit 

The yellow component marked "EJ33A-195 J" is a ferrite core transformer, commonly found in power 

electronic circuits like inverters, SMPS (Switched Mode Power Supply), and chargers. In the context of your 

hybrid solar-wind power generation system, this transformer plays a crucial role in managing voltage 

conversion and electrical isolation. 

Functionality in the circuit: 

Voltage Conversion: 

The primary function of the transformer is to convert low-voltage DC (usually 12V or 24V from the 

battery) into higher AC voltage (like 110V or 230V AC), depending on the design. It works in conjunction 

with high-frequency switching circuits to achieve efficient power conversion. 

Isolation: 

Transformers provide galvanic isolation between the input (DC side) and output (AC side), enhancing 

safety and protecting connected devices from voltage spikes or faults. 

Signal Transfer: 

In high-frequency switching, the transformer enables power transfer using alternating current created 

from the DC source using PWM (Pulse Width Modulation) or other switching techniques. 

Efficiency: 

Ferrite core transformers like the EJ33A series are optimized for high-frequency operations, reducing 

energy loss and heating compared to traditional iron-core transformers. 

4.12.2 Structure And Components 

Ferrite Core: The black central structure around which copper wire is wound. 
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Windings: Multiple turns of copper wire form the primary and secondary windings. The turn ratio determines 

the input-to-output voltage relation. 

Encapsulation: The yellow insulating tape around the core provides physical protection and electrical 

insulation. 

4.12.3 Importance In Inverter Design 

Without the transformer, the inverter cannot boost the battery's low voltage to a level usable by AC 

appliances. It's an essential bridge between low-power DC sources and high-power AC applications. 

4.13 Capacitors 

Capacitors are essential components in power electronics, including inverter circuits like the one in your 

hybrid solar-wind system. Their role is to store and release electrical energy, helping stabilize voltage and 

current within the circuit. They are used in multiple areas of the board to perform different tasks. 

4.13.1 Types Of Capacitors On The Board 

   1.Electrolytic Capacitors (Large Cylindrical Types): 

           Typically found near the input/output terminals. 

o High-capacitance values. 

o Function: 

 Smooth out DC power after rectification. 

 Store and release energy during voltage fluctuations. 

 Filter high-frequency switching noise. 

o Used in bulk energy storage and DC voltage filtering. 

2. Ceramic Capacitors (Small, Often Disc-Shaped or SMD): 

o Found near ICs and control circuits. 

o Low-capacitance values but fast response. 

o Function: 

 Bypass high-frequency noise. 

 Decouple signals from power lines. 

 Maintain stable voltage for microcontrollers or sensitive ICs. 

4.13.2 Functions In The Inverter Circuit 

1. Filtering & Smoothing: 

o After DC is generated (from solar/wind), capacitors filter out ripples. 

o In the inverter, capacitors smooth the waveform generated by high-speed switching. 

2. Energy Storage: 

o Act as mini-reservoirs of power that release energy when needed. 

o Help handle sudden surges or drops in power demand/load. 

3. Noise Reduction: 

o Suppress electromagnetic interference (EMI) generated during switching. 

o Keep signals clean and reduce distortion. 
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4. Timing & Oscillation (in control circuits): 

o Work with resistors and ICs to form timing networks. 

o Control switching frequency of MOSFETs via pulse-width modulation (PWM). 

4.14 Integrated Circuits (ICs) 

Integrated Circuits (ICs) are compact electronic components that consist of a large number of transistors, 

resistors, capacitors, and other elements embedded into a small silicon chip. In your inverter board, the IC 

(typically a black rectangular chip with multiple metal legs or pins) serves as the control brain of the circuit. 

4.14.1 Functions Of Ics In A Hybrid Inverter Circuit  

1. PWM Generation: 

o ICs like SG3525, TL494, or NE555 are commonly used for generating Pulse Width 

Modulation (PWM) signals. 

o These signals control the timing and switching of MOSFETs, converting DC into a simulated 

AC waveform. 

2. Voltage Regulation: 

o Some ICs are used to regulate voltage and ensure that sensitive components receive a stable 

voltage (e.g., 5V or 12V) regardless of variations in battery levels or input power. 

3. System Protection & Monitoring: 

o Advanced ICs monitor overvoltage, undervoltage, overcurrent, and thermal conditions. 

o They shut down or limit the circuit to prevent damage in case of a fault. 

4. Oscillator Function: 

o Many ICs act as timing generators, producing a constant frequency signal required for the 

inverter's switching operation. 

5. Logic Control: 

o In more advanced systems, a microcontroller (MCU) can be used to handle logic 

operations,mode selection(solar/wind), battery management, or communication with a 

display or sensors. 

 4.15 Transistors 

Transistors are fundamental electronic components used in power electronics to control, switch, and amplify 

electrical signals. In your hybrid solar-wind inverter circuit, the transistors mounted on heatsinks are likely 

power transistors (such as MOSFETs or BJTs) and are crucial to the DC to AC conversion process. 

4.15.1 Function In The Inverter Circuit 

1. Switching Action: 

o Transistors rapidly turn on and off in response to control signals from a PWM generator or 

control IC. 

o This switching converts a steady DC input into a pulsed waveform, which can be shaped into 

AC using a transformer and filtering. 

2. Power Handling: 

o These are high-current, high-voltage devices capable of handling the power demands of 

household appliances. 

o They manage the flow of energy from the battery or renewable source to the transformer. 
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3. Waveform Generation: 

o By precisely controlling the timing of each switch, the transistors help simulate a sine wave 

or square wave—depending on inverter design. 

4. Boost Conversion: 

o In some designs, transistors work in a DC-DC boost converter, increasing the low voltage 

from the battery (e.g., 12V) to a higher voltage before converting it to AC. 

 

4.15.2 Mounting On Heatsinks 

Transistors generate heat during switching. Mounting them on heatsinks: 

 Helps dissipate thermal energy. 

 Prevents overheating, which could damage the transistor or surrounding components. 

 Ensures stable operation under continuous load. 

4.16 Connectors 

Connectors are essential hardware elements used to interface external wires, modules, or power sources with 

the internal circuit board. On your hybrid power generation inverter board, the white and black plastic 

connectors serve as key access points for power input, output, and other signals. 

4.16.1 Functions Of Connectors In The Circuit  

1. Input Power Connections: 

o These connectors are used to bring in DC power from the battery, solar panel, or wind turbine. 

o They ensure secure and stable electrical contact, which is crucial for efficient power delivery. 

2. Output Terminals: 

o Some connectors are designated for AC output (e.g., connecting to an appliance) or USB 

output for charging small devices like phones. 

o These may include screw-type terminals or snap-in connectors for plugging cables. 

3. Signal Interfaces: 

o In systems with controllers or sensors, connectors may carry control signals, like ON/OFF 

switches, status LEDs, or communication lines to a microcontroller. 

4. Ease of Assembly and Maintenance: 

o Using connectors allows for easy assembly, replacement, or troubleshooting without 

soldering. 

o Enables modular design, so components (like batteries or panels) can be plugged in or 

removed easily. 

4.16.2 Types Of Connectors Commonly Seen 

 JST Connectors (White Plastic Type): 

o Often used for low-power DC connections and signal lines. 

o Compact and reliable for board-to-wire connections. 

 Screw Terminals: 

o Provide firm wire clamping for thicker cables used in power connections (e.g., battery or 

inverter output). 
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 USB Connectors: 

o For 5V DC output to mobile devices. 

o Often include voltage regulation circuitry before the port. 

 DC Barrel Jacks: 

o Used for standardized power input, often with adapters. 

4.17 Diodes 

Diodes are semiconductor devices that allow current to flow in only one direction—from the anode to the 

cathode—and block it in the reverse direction. In a hybrid solar-wind power generation system, they play a 

vital role in controlling power flow, protecting components, and converting AC to DC. 

4.17.1 Functions Of Diodes In The Circuit 

1. Rectification (AC to DC Conversion): 

o In systems where AC power is generated (like from a wind turbine), diodes are used in bridge 

rectifiers to convert that AC into usable DC for charging the battery. 

o Full-wave bridge rectifier circuits typically use four diodes to convert both halves of the AC 

waveform. 

2. Reverse Polarity Protection: 

o Diodes are placed at power input lines to prevent damage from incorrect battery or power 

source connections. 

o They block current from flowing in the wrong direction, protecting sensitive components. 

3. Blocking Diodes (in solar systems): 

o Prevent the battery from discharging back into the solar panel or wind turbine during times of 

low or no generation (like at night or low wind). 

o Ensure current flows only from the source to the battery, not the other way. 

4. Flyback Protection (Freewheeling Diodes): 

o In circuits with inductive components (like motors, coils, or relays), diodes are used to absorb 

the voltage spikes generated when the current flow suddenly stops. 

o Protects transistors and ICs from being damaged by high-voltage transients. 

5. Voltage Regulation (Zener Diodes): 

o Zener diodes allow current to flow in reverse direction only at a specific voltage, making them 

useful for voltage regulation. 

o They maintain a stable reference voltage to protect or operate logic/control circuits. 

4.17.2 Types Of Diodes Commonly Used  

 Silicon Rectifier Diodes (e.g., 1N5408, 1N4007): High current handling, general-purpose rectifiers. 

 Schottky Diodes: Fast-switching, low forward voltage drop, ideal for efficiency in solar/wind 

circuits. 

 Zener Diodes: Used for voltage regulation and circuit protection. 

 Light Emitting Diodes (LEDs): Though primarily for indication, they are also diodes that emit light 

when current flows through them. 
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4.18 Resistors 

Resistors are fundamental electronic components used to control the flow of electric current and manage 

voltage levels in a circuit. They resist the flow of electrons, converting electrical energy into heat. Even 

though they are small, resistors are critical to the stable and efficient operation of electronic systems. 

4.18.1 Functions Of Resistors In A Hybrid Power Circuit 

1. Current Limiting: 

o Resistors are used to limit the amount of current flowing into sensitive components like LEDs, 

ICs, or transistors. 

o This prevents damage due to excess current. 

2. Voltage Division: 

o In voltage divider circuits, resistors split voltage between two points. 

o This is useful for monitoring battery levels, feeding lower voltages to analog/digital sensors 

or microcontrollers. 

3. Pull-up / Pull-down: 

o In control logic circuits, resistors are used to set default states of signals (either high or low) 

when no input is present. 

o For example, a pull-up resistor can keep a microcontroller input pin at 5V until a button press 

pulls it to ground. 

4. Biasing of Transistors: 

o Resistors are used to properly bias the base of a transistor to control switching behavior. 

5. Timing and Oscillator Circuits: 

o In combination with capacitors, resistors define timing intervals in oscillators or pulse-width 

modulation (PWM) circuits, crucial for inverter timing control. 

6. Heat Dissipation: 

o Power resistors may be used to safely dissipate excess power or as part of a load dump circuit 

to handle excess energy, especially in overvoltage scenarios. 

4.19 USB and SOCKET 

USB and SOCKET are output interfaces in the hybrid power generation system that allow users to connect 

and power various devices. 

USB Ports provide 5V DC output, suitable for charging mobile phones, tablets, LED lights, and other small 

electronic devices. They offer a convenient way to use renewable power for everyday gadgets. 

AC Plugs (also called AC sockets or outlets) provide standard Alternating Current output (typically 220V or 

110V depending on the region), converted by the inverter from the system’s DC power. These are used to 

run household appliances like fans, chargers, and laptops.       
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fig 4.10 usb port and ac plug 

 

4.20 Working Of Photovoltaics 

The photovoltaic panel or array Photovoltaics are the direct conversion of light into electricity at the atomic 

level. Some materials exhibit a property known as the photoelectric effect that causes them to absorb photons 

of light and release electrons. When these free electrons are captured, an electric current results that can be 

used as electricity. 

A solar cell (also called photovoltaic cell or photoelectric cell) is a solid state electrical device that converts 

the energy of light directly into electricity by the photovoltaic effect. Crystalline silicon PV cells are the most 

common photovoltaic cells in use today. 

A number of solar cells electrically connected to each other and mounted in a support structure or frame are 

called a photovoltaic module. Modules are designed to supply electricity at a certain voltage, such as a 

common 12 volts system. The current produced is directly dependent on how much light strikes the module. 

Multiple modules can be wired together to form an array. In general, the larger the area of a module or array, 

the more electricity will be produced. Photovoltaic modules and arrays produce direct-current (DC) 

electricity. They can be connected in both series and parallel electrical arrangements to produce any required 

voltage and current combination 

                           

 

fig 4.11 photovoltaic system 
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Block Diagram Of Solar And Wind 

The block diagram of the hybrid power generation system includes the following key 

component 

 
5.1  block diagram 

Explanation 

 Solar Panel & Wind Turbine: These are the two input sources that generate DC electricity from 

solar and wind energy, respectively. 

 Charge Controller: Manages input from both sources and regulates the charging of the battery, 

preventing overcharging or deep discharge. 

 Battery Bank: Stores the DC power generated for use when energy sources are unavailable. 

 DC Load: Devices that can operate directly on DC power (e.g., LEDs, USB chargers). 

 Inverter: Converts DC power to AC power for running standard household appliances. 

 AC Load: Includes fans, laptops, lights, and other devices that operate on 230V/110V AC. 

5.2 Mathematical 

Solar Power Calculations 
Solar panel 1 : (30W/12V) = 2.5A 

Solar panel 2 : (30W/12V) = 2.5A 

Current for solar panel connected in parallel: 

I = I1+I2  = 2.5+2.5 = 5A 

Formula: 

Power (W)=Voltage (V)×Current (A) 
POWER(W) = 12X5 = 60W 

Formula: 

Energy (Wh)=Power (W)×Hours of Sunlight 

Assume 6 hours/day of sunlight: 

60W×6h=360Wh/day 

5.3 Wind Power Calculations 
Formula: 

P=0.5×ρ×A×V3×Cp 
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Where: 

 ρ = air density (≈ 1.225 kg/m³ at sea level) 

 A = rotor swept area (H X D) 

 V = wind speed in m/s 

 Cp = power coefficient (efficiency, typically 0.35–0.45) 

 Rotor radius: 0.27 m → A=0.30×(0.27)2=0.162m 

 Wind speed: 5 m/s 

 Cp=0.35 

P=0.5×1.225×0.162×53×0.35  = 4.31W 

6.Result And Discussions 

Solar power generation 

Solar power generation in this analysis was based on hourly current readings from a photovoltaic (PV) 

system, with the voltage assumed constant at 12 volts. Using the formula P=V×IP = V \times IP=V×I, the 

power output was calculated for each hour from 8:00 AM to 5:00 PM. The solar panel’s output started at a 

low 1.356 watts in the early morning (8:00 AM) and gradually increased to a peak of 3.6 watts at 1:00 PM, 

corresponding to higher sunlight intensity. After this peak, the power output declined in the afternoon as 

sunlight decreased, ending with 1.2 watts at 5:00 PM. The variations in current directly affected the solar 

power output, indicating how changes in sunlight throughout the day influence the panel’s performance. 

Although the solar contribution was relatively small compared to wind energy, it provided consistent support 

to the overall hybrid energy system. 

table 6.1 solar power generation 

TIME CURRENT(A) VOLTAGE(V) POWER(W=VxI) 

8:00 AM 0.113 12 1.36 

9:00 AM 0.22 12 2.64 

10:00 AM 0.23 12 2.76 

11.00 AM 0.25 12 3.00 

12:00 PM 0.28 12 3.36 

1:00 PM 0.30 12 3.60 

2:00 PM 0.25 12 3.00 

3:00 PM 0.18 12 2.16 

4:00 PM 0.15 12 1.80 

5:00 PM 0.10 12 1.20 

 

Wind Power Generation 

 Height (H) = 30 cm = 0.30 m 

 Radius (r) = 27 cm = 0.27 m 

 Diameter (D) = 2 × r = 0.54 m 

 Swept Area (A) = H × D = 0.30 × 0.54 = 0.162 m² 
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Wind Turbine Formula 

  P = ½ ⋅ρ⋅ A ⋅v3.Cp 

Where:  

           ρ =1.225 kg/m3 (air density) 

           Cp = 0.35 (efficiency for vertical wind turbine) 

             𝑣 = wind speed (m/s) 

P=0.5 x 1.225 x  0.162 x v3 x0.35 = 0.03473 x v3    

P = 0.03473 x V3 

 

table 6.2  wind power generation 

TIME WIND SPEED(m/s) POWER OUTPUT(W) 
8:00 AM 2.0 0.278 W 
9:00 AM 2.5 0.542 W 
10:00 AM 3.0 0.937 W 
11:00 AM 3.5 1.482 W 
12:00 PM 4.0 2.222 W 
1:00 PM 4.5 3.200 W 
2:00 PM 4.0 2.222 W 
3:00 PM 3.5 1.482 W 
4:00 PM 3.0 0.937 W 
5:00 PM 2.5 0.540 W 

Solar And Wind Power 

table 6.3 solar and wind power generation 

TIME SOLAR 

POWER(W) 

WIND POWER (W) TOTAL 

POWER(W) 

8:00 AM 1.36 0.278 1.638 

9:00 AM 2.64 0.542 3.182 

10:00 AM 2.76 0.937 3.697 

11:00 AM 3.00 1.482 4.482 

12:00 PM 3.36 2.222 5.582 

1:00 PM 3.60 3.200 6.800 

2:00 PM 3.00 2.222 5.222 

3:00 PM 2.16 1.482 3.642 

4:00 PM 1.80 0.937 2.737 

5:00 PM 1.20 0.542 1.742 

  Total(wh) 38.724 

Comparison Between Solar And Wind Power Generation 

The generation of power from solar and wind sources varies based on natural conditions and time of day. 

Solar power depends on sunlight availability and typically follows a smooth and predictable pattern. In this 

case, solar output gradually increases from 1.36 W at 8:00 AM to a peak of 3.60 W at 1:00 PM, then slowly 

decreases to 1.20 W by 5:00 PM. This trend closely follows the sun's position and brightness throughout the 

day. 
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On the other hand, wind power generation is governed by wind speed, which can fluctuate throughout the 

day. It starts lower in the morning at 0.278 W and peaks at 3.20 W at 1:00 PM, mirroring the solar peak but 

with more variation. Unlike solar power, wind output can rise or fall unpredictably depending on local wind 

conditions. 

While solar energy provides a more stable and consistent output, wind energy offers a valuable 

supplementary source, especially during times when solar power is reduced due to cloud cover or evening 

hours. Combining both systems creates a more reliable and balanced energy supply, maximizing renewable 

energy efficiency over the course of the day. 

Conclusion 

The Hybrid Power Generation System using Solar and Wind energy successfully demonstrates the 

potential of combining renewable energy sources to provide a reliable, eco-friendly, and sustainable solution 

for electricity generation. By integrating both solar and wind components, the system ensures continuous 

power supply under varying environmental conditions, reducing dependency on conventional fossil fuels. 

The use of components like charge controllers, batteries, and inverters helps in efficient energy storage and 

usage. This project highlights the feasibility of small-scale hybrid systems for rural areas, backup power 

solutions, and educational purposes. With further development and scaling, such systems can play a 

significant role in promoting clean energy and reducing carbon emissions. 

Future Scope of The Project 

The hybrid power generation system using solar and wind energy has great potential for future development 

and real-world application. With increasing demand for clean and renewable energy, this system can be 

further improved by integrating advanced technologies such as smart energy management systems, IoT-

based monitoring, and AI-powered load forecasting. Future versions can include automatic source 

switching, grid-tie capabilities, and battery health diagnostics for better performance and efficiency. The 

system can also be scaled for rural electrification, emergency power supply, or even mobile applications. 

Continued research and development in this field will contribute significantly to achieving sustainable and 

eco-friendly energy solutions. 
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