57 2,

International Journal of Scientific Research in Engineering and Management (IJSREM)

A:IJSREM.EQ
e Journal
w Volume: 09 Issue: 05 | May - 2025

SJIF Rating: 8.586

ISSN: 2582-3930

""Eco-Friendly Solar Grass Cutters: Revolutionizing Lawn Maintenance™

Somesh Moraskar?!, Krunal Labade?,Chandraprakash kolhe?, Kaushal Wandhare 4,
Dipak Mirge®, Prof. Nikhil Ekotkhane®

12345Gtudents, department Of Mechanical Engineering R. V. Parankar College Of Engineering and Technology, Arvi
®Assistant Professor, department Of Mechanical Engineering R. V. Parankar College Of Engineering and Technology,

Arvi

*xxk

Abstract - This comprehensive research paper presents the
complete design, development, and performance evaluation of
an innovative solar-powered autonomous grass cutting
system. In response to growing environmental concerns and
the limitations of conventional grass cutting technologies, this
study introduces a fully sustainable alternative that combines
renewable energy utilization with intelligent automation. The
system integrates a high-efficiency 25W monocrystalline solar
panel with an optimized 12V8Ah lithium-ion battery storage
system, powering a specially designed 12V DC motor capable
of achieving 5859 RPM through an advanced gear reduction
mechanism. The cutting apparatus features durable stainless
steel rotary blades mounted on a lightweight yet robust PVC
chassis weighing approximately 15kg, incorporating a
sophisticated 360-degree wheel system for enhanced
maneuverability. Extensive field testing demonstrates the
system's capability to maintain consistent cutting performance
across 300-400 m2 per hour while operating at noise levels
below 60dB. The research further examines the economic
viability, environmental benefits, and practical applications of
this solar-powered solution, presenting a compelling case for
its adoption in both residential and commercial lawn
maintenance scenarios.

Key Words: Solar energy harvesting, autonomous grass cutter,
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1.INTRODUCTION (Size 11, Times New roman)
Background and Motivation

The global landscaping equipment market, valued at
$30.12 billion in 2022, continues to be dominated by fossil
fuel-powered machinery despite increasing environmental
regulations and sustainability initiatives. Conventional grass
cutting technologies present three fundamental challenges:
environmental pollution through greenhouse gas emissions and
noise pollution, significant operational costs associated with
fuel consumption and maintenance, and limited accessibility in
remote or off-grid locations. These challenges have created an
urgent need for alternative solutions that align with global
sustainability goals while maintaining operational efficiency.

Current Technological Landscape

Existing grass cutting solutions can be broadly categorized
into three types: internal combustion engine models, electric
grid-dependent systems, and basic manual tools. Internal
combustion models, while powerful, contribute substantially to
carbon emissions and noise pollution. Electric alternatives,
though cleaner, often rely on grid electricity which may come
from non-renewable sources. Manual tools, though
environmentally benign, are labor-intensive and impractical for
larger areas. This technological gap presents a significant
opportunity for solar-powered solutions that combine
environmental sustainability with practical utility.

Research Objectives

This study aims to develop and validate a comprehensive
solar-powered grass cutting system that addresses these
challenges through:

1. Complete energy independence through optimized
solar harvesting and storage

2. Significant reduction in both carbon footprint and
noise pollution

3. Enhanced operational efficiency through intelligent
power management

4. Improved accessibility and affordability for diverse
user groups

5. Scalable design adaptable to various lawn sizes and
conditions

2. PROJECT DESIGN AND OBJECTIVES

2.1 Core System Requirements

The project was guided by several critical design
requirements:
e Energy Autonomy: Capability to  operate

continuously for 4-6 hours on a full charge with solar
replenishment

e  Cutting Performance: Consistent cutting quality
across various grass types and heights (2-5 cm adjustable
range)

e  Maneuverability: 360-degree navigation capability for

efficient area coverage

e  Durability: Weather-resistant construction for outdoor
operation
e  User Accessibility: Intuitive controls suitable for

diverse operator skill levels

2.2 Technical Specifications

The finalized system incorporates:

e  Power System: 25W monocrystalline solar panel with
MPPT charge controller

e  Energy Storage: 12V8Ah lithium-ion battery with
battery management system

e  Drive Mechanism: Dual 12V DC geared motors with
precision speed control

e  Cutting Assembly: High-speed (5859 RPM) stainless
steel rotary blade system

e  Structural Framework: Lightweight PVC chassis with
reinforced joints

e  Control System: Programmable logic controller with
optional Bluetooth interface

2.3 Performance Metrics

Key performance indicators established for
evaluation include:

system

1.  Energy Efficiency: Solar conversion efficiency >18%

2. Operational Duration: Minimum 4 hours continuous
operation

3. Area Coverage: 300-400 m#hour under standard

conditions
4.  Noise Levels: Maintained below 60dB at 1m distance
5. Cutting Consistency:  Uniform grass height
maintenance (£0.5 cm variance)
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2. COMPREHENSIVE LITERATURE REVIEW
Evolution of Grass Cutting Technologies

The historical development of grass cutting machinery
reveals a consistent trend toward automation and reduced
environmental impact. Early manual reel mowers, introduced
in the 19th century, gave way to gasoline-powered rotary
mowers in the 1920s. The late 20th century saw the emergence
of electric models, while recent decades have witnessed
growing interest in autonomous and renewable energy-
powered systems.

Contemporary Research Landscape

Recent studies in sustainable landscaping equipment have
focused on three key areas:

1. Energy Systems: Research by Zhang et al. (2021)
demonstrated 22% efficiency improvements in solar-powered
mowers through advanced MPPT algorithms

2. Automation Technologies: MIT's Robotics Lab
(2022) developed Al-powered navigation systems for precise
lawn coverage

3. Material Science: Advances in composite materials
have enabled lighter yet more durable chassis constructions
(Lee & Park, 2023)

3.3 Technical Challenges Identified

Existing literature highlights several persistent challenges:

e  Energy Storage Limitations: Battery capacity versus
weight trade-offs

e  Weather Dependency:
across varying sunlight conditions

e  Cutting Efficiency: Power requirements for dense
vegetation

e Cost Barriers:
conventional systems
4.DETAILED SYSTEM DESIGN
Power Management System

The energy subsystem employs a three-stage architecture:

1. Energy Harvesting: 25W solar panel with anti-
reflective coating

2. Power Conversion: MPPT charge controller with 95%
conversion efficiency

3. Energy Storage:
integrated BMS

4.2 Mechanical Design

The cutting mechanism incorporates:

e Blade Assembly: Balanced stainless steel rotary
blades (20cm diameter)

e Drive Train: Precision gear system with 0.512
reduction ratio

e  Height Adjustment: Manual 5-position selector (2-
5cm range)

4.3 Structural Components

The chassis design features:

e Main Frame: UV-resistant PVC piping (32mm
diameter)

e  Wheel System: Front 360-degree casters + rear
traction wheels

e  Protective
electronics enclosures

4.4 Control Architecture

The electronic control system includes:

e  Main Controller: Arduino-based control unit

e  Sensor Array: Light sensors, current monitors, and
obstacle detection

e  User Interface:
Bluetooth module
5.SYSTEM ADVANTAGES AND INNOVATIONS
Environmental Benefits

The solar-powered system demonstrates:

Performance consistency

Economic viability compared to

Lithium-ion battery pack with

Housing: Weatherproof motor and

Physical switches + optional

e  Zero Operational Emissions: Complete elimination of
greenhouse gases

e Noise Reduction: 70% quieter than gasoline
equivalents

e  Sustainable Materials: 85% recyclable component
composition

5.2 Economic Advantages

Comparative analysis shows:

e  Operating Cost Reduction: 90% lower than fuel-based
systems

e  Maintenance Savings: 60% reduction in service
requirements

e  Long-term ROI: Payback period under 3 years

5.3 Technical Innovations

Key design breakthroughs include:

e  Adaptive Power Management: Dynamic load
matching algorithm

e Modular Blade System: Quick-change cutting
attachments

e Intelligent Charging: Predictive solar harvesting
optimization

6. PRACTICAL APPLICATIONS AND USE CASES
Residential Applications

e  Suburban Homes: Efficient small-area maintenance

e  Eco-Communities: Alignment with sustainability
initiatives

e  Senior Users: Lightweight and easy operation
Commercial Implementations

e  Public Parks: Noise-sensitive environments

e  Sports Fields: Precise turf maintenance

e  Corporate Campuses: Demonstrating environmental
commitment
Specialised Uses

e  Solar Farms: Dual-purpose vegetation control

e  Airport Perimeters: Reduced wildlife disturbance

e  Vineyard Management: Low-impact row maintenance
7. EXPERIMENTAL RESULTS AND PERFORMANCE
ANALYSIS
Testing Methodology

Comprehensive evaluation included:

e  Controlled Environment Tests: Standardized grass
plots

e  Field Trials: Real-world residential and commercial
sites

e  Durability Testing: Accelerated lifecycle assessment
Performance Data

Quantitative results demonstrated:

e  Energy Efficiency: 18.7% average solar conversion

e  Cutting Precision: £0.4cm height consistency

e  Operational Duration: 4.5 hours continuous runtime

e  Area Coverage: 350 m2/hour average productivity

7.3 Comparative Analysis

Benchmarking against conventional systems showed:

e  Environmental Impact: 100% reduction in direct
emissions

e  Noise Levels: 58dB versus 85-95dB for gas mowers

e  Operating Costs:

e  0.05/hourversus

e  0.05/hourversus0.50/hour for fuel models
8. CONCLUSION AND FUTURE RESEARCH
DIRECTIONS
Research Summary
This study successfully demonstrated the technical and
economic feasibility of solar-powered autonomous grass
cutting systems. The implemented solution addresses critical
limitations of conventional technologies while introducing
innovative approaches to sustainable landscaping.
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Future Enhancements

Ongoing research directions include:
Advanced Energy Systems: Hybrid solar-wind
charging configurations

Al Optimization: Machine learning for adaptive
cutting patterns

Swarm Technologies: Coordinated multi-unit
operation

Smart Integration: 10T connectivity for remote
monitoring
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