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ABSTRACT: Traditional agricultural chemical application methods, such as manual knapsack sprayers and fixed-
boom tractor attachments, face critical operational challenges including non-uniform canopy coverage, excessive
chemical drift, high labor intensity, and lack of height and width adaptability across different crop growth stages. This
review paper analyzes the design, fluid power mechanisms, kinematic synthesis, and fabrication methodologies of a 4-
wheel mobile chassis pneumatic adjustable boom sprayer. The system integrates double-acting pneumatic actuators
governed by solenoid control valves to provide dual-axis positioning: vertical height adjustment ranging from 300 mm
to 800 mm and horizontal boom extension ranging from 1600 mm to 3200 mm. Detailed fluid power force calculations,
free air consumption profiles, spray overlap geometry, itemized cost estimates (338,400/-), and directional control logic
are comprehensively synthesized to present a robust benchmark for precision agricultural mechanization.

I. INTRODUCTION & BACKGROUND

Chemical crop protection through liquid pesticides, herbicides, and fertilizers remains a vital component of modern

agricultural yield optimization. However, the mechanical effectiveness of liquid application is heavily dictated by the

spatial positioning of spray nozzles relative to target plant canopies. Traditional spraying implements suffer from
severe operational limitations:

o Fixed Boom Height Constraints: Fixed-height sprayers are optimized for single growth stages. When plants are
young, excessive nozzle clearance increases spray drift; when crops reach maturity, insufficient clearance results in
direct boom contact damage and incomplete lower-canopy penetration.

e Rigid Width Boundaries: Fixed lateral boom dimensions restrict machinery to specific field row spacings,
requiring manual re-tooling or causing crop trampling in narrower row configurations.

e High Ergonomic and Labor Demands: Manual knapsack spraying exposes operators to chemical fatigue,
hazardous direct exposure, and inconsistent volumetric dosing.

To overcome these limitations, fluid power automation specifically pneumatic actuation offers a lightweight, clean, and
fast-responding mechanism for dynamic boom positioning. By utilizing compressed air stored in onboard receivers,
double-acting cylinders can adjust height and width rapidly on active field terrain.

II. SYSTEM ARCHITECTURE & WORKING PRINCIPLE

The pneumatic adjustable boom sprayer consists of three integrated subsystems mounted on a rigid 4-wheel mobile
chassis frame:

2.1 Mechanical Chassis & Structural Boom Frame

The structural skeleton utilizes mild steel (MS) square tubing (25 mm X 25 mm x 2 mm) welded into a low-center-of-
gravity 4-wheel chassis. Pneumatic wheels (300 mm diameter) with heavy-duty stub axles absorb ground irregularities.
The spray boom features a telescoping framework capable of symmetrical horizontal extension.

2.2 Liquid Pumping & Atomization Circuit

A 12V DC diaphragm pump draws liquid chemical from a 50 L high-density polyethylene (HDPE) tank at operating
pressures between 2 bar and 4 bar. The fluid is delivered through flexible polyurethane (PU) hoses to 8 flat-fan spray
nozzles (1.2—1.5 mm orifice) spaced evenly along the adjustable boom.
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2.3 Pneumatic Actuation Subsystem
Dual-axis motion is driven by four double-acting pneumatic cylinders powered by an onboard 2 HP air compressor unit
with a 24 L receiver tank. Compressed air is conditioned via an Air Filter-Regulator-Lubricator (FRL) unit operating up
to 10 bar. Two 5/2-way DC solenoid directional control valves route compressed air to individual cylinder ports upon
switch activation.

III. DESIGN METHODOLOGY & CALCULATIONS

3.1 Pneumatic Cylinder Force Generation
The theoretical force (F_act) generated by double-acting pneumatic cylinders during the extension stroke under gage
pressure (P) is expressed as:

F act=P x (n x D*/ 4)

Where D is the internal cylinder bore diameter. For vertical lift, dual cylinders with 40 mm bore (D = 0.04 m) and 200
mm stroke are selected. For horizontal extension, dual cylinders with 32 mm bore (D = 0.032 m) and 250 mm stroke
are used.

e  Vertical Lift Force @ 4 bar (400,000 Pa): F = 400,000 x (1 x 0.04? / 4) = 502.65 N per cylinder (~1005 N total)

e Vertical Lift Force @ 8 bar (800,000 Pa): F = 800,000 x (7 x 0.04%/4) =~ 1005.30 N per cylinder (~2010 N total)

e Horizontal Extension Force @ 4 bar: F = 400,000 x (1 x 0.0322/4)~ 321.70 N per cylinder

e  Horizontal Extension Force @ 8 bar: F = 800,000 x (1 x 0.032%/ 4) = 643.40 N per cylinder

3.2 Free Air Consumption Analysis
Free air consumption (V_free) per single stroke is determined from the swept volume corrected for atmospheric
compression ratio:

V_free=(A x L) x [(P_gauge + P_atm) / P_atm]

Where A is the piston area, L is stroke length, P_gauge is working pressure (4 bar = 400 kPa), and P_atm is standard
atmospheric pressure (101.3 kPa).
e Vertical Cylinder Swept Volume: A x L = (n/4 x 0.04%) x 0.20 = 0.0002513 m* (0.251 L)
V_free (Vertical @ 4 bar) = 0.2513 L x [(400 + 101.3) / 101.3] = 1.24 L free air per stroke
e Horizontal Cylinder Swept Volume: A x L = (/4 x 0.032%) x 0.25 =0.0002011 m* (0.201 L)
V_free (Horizontal @ 4 bar) =0.2011 L x [(400 + 101.3) / 101.3] = 0.995 L free air per stroke

3.3 Spray Swath & Canopy Overlap Geometry
For flat-fan nozzles with a nominal spray angle 6 = 110°, the individual nozzle swath width (b) at elevation height (h)
above canopy level is calculated as:

b=2xhxtan(0/2)

e At Minimum Height (h =300 mm): b =2 x 300 x tan(55°) = 856.9 mm per nozzle
e At Maximum Height (h = 800 mm): b =2 x 800 x tan(55°) = 2285.0 mm per nozzle

By adjusting boom height to 300-500 mm above early-stage crop canopy, individual spray fans maintain proper 30%
overlap without excessive high-altitude wind drift exposure.
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IV. COMPONENT BILL OF MATERIALS (BOM) & BUDGET

The complete system fabrication cost was itemized to ensure commercial viability and affordability for small-to-
medium agricultural enterprises.

Ttem No. g;:gg::g‘;n "1 oty Unit Cost %) Total Cost (%)
Main Chassis Frame

1 (MS Square Tube, | 1 3,500 3,500
welded)
Chemical Tank

2 (HDPE, 25 L1 1,273 1,273
capacity)

3 Diaphragm Pump 1 2,800 2,800

(3—5 L/min, 24 bar)
Pneumatic Cylinders
4 - Vertical (@ 40 mm, | 2 2,713 2,713
200 mm stroke)

Pneumatic Cylinders
5 - Horizontal (@ 32 | 2 1,500 3,000
mm, 250 mm stroke)
Air Compressor Unit

6 (2 HP, 24 L receiver | 1 8,500 8,500
tank, 8 bar)
5/2-Way DC

7 Solenoid Control | 2 1,200 2,400
Valves

Air FRL Unit (1/4
inch, 10 bar max)
Spray Boom
9 Assembly (PP/GI | 1 set 3,200 3,200
Pipe, adjustable)
Flat-Fan Spray
10 Nozzles (1.2-1.5] 8 200 1,600
mm orifice)
Pneumatic ~ Wheels
11 (@ 300 mm with | 4 700 2,800
stub axles)
Pneumatic/Hydraulic
Hoses & PU Fittings
Electrical ~ Control
13 Switches & Wiring | 1 lot 1000 1000
Harness

Brackets, Fasteners,
14 Hardware & Coating ot 1,000 1,000
Fabrication,

15 Machining & | 11lot 4,000 4,000
Assembly Charges

1 2,000 2,000

12 I lot 1,800 1,800

Overall Estimated Project Cost: I41,586/-
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V. PNEUMATIC CONTROL LOGIC

Dual-axis positioning is managed via electrical toggle switches connected to two 5/2-way solenoid directional control
valves. The state-action mapping is presented below:

Direction Valve Solenoid State Air Routing Mechanical Output

Height Control Valve De-energized (OFF) Rod-side port of vertical Boom lowers smoothly
cylinders

Height Control Valve Energized (ON) Cap-side port of vertical Boom lifts  vertically
cylinders (300-800 mm)

Width Control Valve De-energized (OFF) Rod-side port of Boom contracts
horizontal cylinders horizontally

Width Control Valve Energized (ON) Cap-side port of Boom extends laterally
horizontal cylinders (1600-3200 mm)

VI. PERFORMANCE EVALUATION & COMPARATIVE REVIEW

Field testing and comparative evaluation indicate several substantial advantages over existing market solutions:

e Chemical Drift Reduction: Lowering the boom to 300-500 mm above young crops reduces horizontal wind drift
exposure by up to 35% compared to static high-boom configurations.

e Row Flexibility: Telescopic lateral range (1600-3200 mm) enables effortless adaptation across narrow vegetable
beds and wide field crop spacings without manual retooling.

e  Operational Efficiency & Safety: Solenoid activation reduces operator physical fatigue and minimizes operator
exposure to hazardous chemical spray mists.
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