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Abstract: The design and fabrication of a multi-utility agricultural vehicle (MUAV) aims to address the diverse and
labour-intensive demands of modern farming by integrating multiple agricultural operations into a single, compact, and
cost-effective machine. This project focuses on developing a versatile vehicle capable of performing tasks such as plowing,
seed sowing, pesticide spraying, and transporting agricultural produce. By combining these functionalities, the vehicle
reduces the need for multiple machines and manual labour, thus improving overall farm efficiency and productivity,
particularly for small and medium- scale farmers. The MUAV is a sustainable and cost-effective solution to mechanization,
reducing operational time and energy consumption. The design also explores the integration of basic automation and
smart farming technologies, such as soil moisture sensors and GPS tracking, to enhance precision and resource
management.

Key words: Multi-Utility Agricultural Vehicle, Multi functionality, Cost Effective, Reduced Manual Labour.

1.INTRODUCTION

Agriculture remains the backbone of many developing economies, yet traditional farming methods are often labour
intensive, time-consuming, and in efficient. The lack of access to modern agricultural machinery, particularly for small and
marginal farmers, leads to low productivity and increased operational costs. This necessity for a technological leap in
small-scale farming has driven the development of a cost-effective, multi-functional solution. The MUAV addresses this
need by combining several essential farming operations into one compact and adaptable machine. Its core features include
the integration of multi- functional, easily interchangeable attachments for tasks such as plowing, seed sowing, and
pesticide spraying, and weeding. The vehicle is designed to be compact and modular for efficient operation in small,
fragmented, or uneven fields, and is constructed using cost- effective and locally available materials to ensure affordability
and ease of maintenance for resource-limited farmers. Furthermore, this project aligns with SDG 9: Industry, Innovation,
and Infrastructure, promoting local fabrication and providing an affordable and efficient solution to foster inclusive
economic growth in rural communities.

2.DESIGN & SPECIFICATIONS
Overview: The design philosophy of the MUAV is centered on the principles of affordability, versatility, sustainability, and
user-centric innovation.
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Design Philosophy: It is designed to be low-cost and economically accessible by utilizing locally available materials and

simple fabrication methods. Modular and Adaptable Architecture: The vehicle is structured to support a range of

interchangeable implements (ploughs, seeders, sprayers) using standardized mounting systems for quick transitions

between tasks. The design also incorporates a potential adjustable chassis to vary track width and ground clearance,

ensuring compatibility with different crop types and field conditions. Advanced Steering: The design consideration includes

implementing multi-mode steering (front-wheel, rear-wheel, and four-wheel steering) to enhance maneuverability in

confined or hilly terrains, and the potential for crab steering to minimize soil compaction. Power train and Energy

Efficiency: Design considerations favor integrating Hybrid or Electric Drive Systems to reduce emissions and operating

costs. The use of Solar Integration is also explored to supplement energy needs, enhancing energy independence.

Key Components: Chassis: Constructed from Mild Steel tubular sections, chosen for its structural strength, durability,

and cost-effectiveness. Engine/Motor: Calculations considered a TVS Apachel50ccEngine. The prototype used a 48V

BLDC motor and lithium-ion battery.

Wheels & Suspension:16"ATVTyresandshockabsorbers,designedforanatural frequency of 2.00 Hz.

Braking System: ATV-type disk assembly.

Steering: Handle bar steering using Ackermann principles.

Electrical:12V Battery, wiring kit, plumber blocks, hubs, and body kit.

3.CALCULATIONS
Engine (TVS Apache 150cc) Calculations
Pmax = 10.2 kW,
T max= 12.3 Nm
Nmax= 8500 rpm.
Assumed overall gear ratio (top): OGR=10.0:1.
Maximum speed (theoretical) formula:
V max= (M*Dw*Nmax)/(60*OGR) Vmax= (11 * 0.600 m* 8500 rpm) / (60 * 10.0) = 26.70 m/s = 96.13 km/h.
Braking Calculations Assumptions:
Initial speed = 40km/h(11.11m/s) stopping distance S = 4.5 m.
Required deceleration: a=V"2 /(25)=(11.11)"2/ (2*4.5)=13.72 m"™,
Total required braking force:
F = M total* a = 220.0 *13.72= 3017.8N.
Total braking torque at wheels: T = F* R w =3017.8 *0.30= 905.3Nm.
Weight transfer during braking (CG height h = 0.45 m assumed): Static front axle load = 45% of weight = 971.2 N.
Additional front load due to braking = AF = M*a*h / L = (220.0 * 13.72 * 0.45) / 1.20 = 1131.7 N.
Front axle load under braking= 2102.9N.
Rear axle=55.3N.
Assume 70% braking on front axle -> Front braking force = 2112.5 N (per front wheel= 1056.2 N).
Brake torque per front wheel=316.9Nm.
Assuming pad-rotor friction py =0.35, effective pad
Radius = 0.10m:
Required caliper clamp force per front caliper = 4526.7 N.
Chassis (Mild Steel) Calculations Material:
Mild steel, Yield strength Sy = 350MPa. Safety factor=3.0. front al impact = 6.0G.
Effective bending length = 0.60m.
Impact force F= Gload *M total*g = 6.0%220.0 *9.81 = 12949.2N.
Max bending moment M max=F*Lbend=12949.2*0.60=7769.5Nm.
Required section modulus Z req = (M max * FOS) / Sy= 66596 mm~3.
Recommendation: select tubing with section modulus greater than 66596 mm”3.
Suspension Calculations:
Desired natural frequency = 2.00Hz.
Sprung mass per wheel= (M total —M chassis)/4 = (220.0-30.0)/4= 47.50kg.
Motion ratio =0.70.Wheel rate K wheel=(2r1fn)"2*m=(211*2.00)"2*47.50=7500.90 N/m.
Spring stiffness K spring = K wheel/ (MR*2)= 15307.96 N/m=15.308N/mm.
Steering (Ackermann) Calculations Wheelbase L = 1.20 m, Track T = 0.80 m. outer wheel steer angle ¢ = 20.0°.
Ackermann condition :cot ¢—cot6=T/L. Using this: inner wheel angle 6 = 25.67° when outer wheel = 20.0°.
Swing Arm Calculations
Rear axle carries 55% of vehicle mass ->M rear=121.0kg. Landing load=3.0G. Swing arm length = 0.60 m.
Vertical load on swing arm: F =G * M rear * g =3.0 * 121.0 * 9.81 = 3561.0 N. Maximum bending moment at pivot: M
b=F*L arm=3561.0*0.60=2136.6Nm. Use chassis material S y= 350 MPa and FOS = 3.0 to size swing arm tubing.

4. WORKING MECHANISM
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Power Generation and Transmission: The engine or motor provides propulsion across varied terrains.

Attachments:

- Plowing and sowing via mounted tools.

- Spraying and fertilizing using sprayer Kkits.

- Transporting loads up to 200 kg.

Control: Manual handle bar control, future provision for GPS.

5. RESULT & PERFORMANCE
Load Capacity: Upto 200 kg. Speed: 13-15 m/s.
Range: 1.1 km per charge with BLDC motor. Maneuverability: Excellent off-road adaptability. Robustness: No major
failures observed.

6. DESIGN OVERVIEW
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7. DISCUSSION
The MUAV significantly boosts agricultural productivity by automating key tasks, reducing manual labour requirements,
and promoting sustainable farming through efficient resource utilization and environmentally friendly operational
practices.

8. LIMITATIONS
- Reduced efficiency on steep slopes.
- Solar efficiency depends on weather.

9. CONCLUSION
The MUAV combines various essential farming operations into a single compact, cost- effective, and eco-friendly vehicle,
providing small-scale farmers with greater efficiency, convenience, and sustainable agricultural support.
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