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Abstract: In the context of modern agricultural transformation, the integration of robotic systems into plant care is 
emerging as a vital solution to address challenges such as labour shortages, increased production demands, and the need 
for sustainable farming practices. This research focuses on the mechanical design and fabrication of a compact, modular 
robotic platform specifically tailored for agricultural plant care applications. The robot is designed to operate in 
greenhouses or open fields and is equipped with a four-wheel differential drive system, a chain transmission mechanism, 
and a load-distributing aluminium top plate to support essential components such as a water tank. Finite Element Analysis 
(FEA) was conducted to validate the structural reliability of the chassis and loadbearing elements, showing low stress and 
strain well below material limits, thereby ensuring operational stability and safety. A prototype was manufactured using 
accessible materials and methods, demonstrating the feasibility of the proposed design in terms of assembly, mobility, 
and structural integrity. This study contributes a mechanically robust and scalable foundation for future integration with 
sensors and control systems, advancing the development of smart, automated agricultural robotics. 
 
1 Introduction 

In the context of agriculture’s rapid transformation 
toward modernization and automation, the integration of 
robotic technology into plant care processes has become 
increasingly critical [1-3]. Tasks such as pesticide 
spraying, weed removal, environmental monitoring, and 
growth assessment are labour intensive and time 
consuming when performed manually. Automating these 
stages not only addresses the growing shortage of 
agricultural labour but also improves operational 
efficiency, consistency, and sustainability in modern 
farming practices [4-10]. 

To meet these emerging demands, this research is 
dedicated to the mechanical design and development of a 
robotic system specialized for agricultural plant care. The 
objective is to design and fabricate a compact, modular 
robot capable of operating in medium to large scale 
environments such as greenhouses and open field farms. 
Emphasis is placed on a simulation-oriented prototype that 
enables practical validation and conceptual demonstration 
of the mechanical subsystems involved. 

The research focuses exclusively on mechanical 
design, covering aspects such as chassis layout for rough 
terrain mobility, articulated arms for multitask 

functionality, and tool mounting systems for 
interchangeable plant care implements. Consideration is 
given to factors such as structural stability, ease of 
component integration, environmental durability, and 
manufacturability. The robot's frame, drive system, and 
end effector mechanisms are developed with a view to 
flexibility, enabling the robot to adapt to different crop 
geometries and terrain conditions. 

Beyond the practical design objective, the project also 
serves an educational purpose providing hands on 
experience in mechanical design, structural analysis, and 
mechatronic system integration. Through this effort, the 
study contributes not only a working prototype but also a 
framework for future research in agricultural robotics 
focusing on mechanical design innovation. 

 
2 Related work 

Plant care robots represent a significant advancement 
in the application of robotics within the domain of modern 
agriculture. These robots are engineered to autonomously 
perform essential tasks such as irrigation, fertilization, 
environmental monitoring, and crop health assessment by 
measuring parameters like humidity, temperature, and soil 
moisture. The integration of robotic systems into plant care 
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processes not only reduces the dependency on manual 
labor but also enhances the precision, consistency, and 
efficiency of agricultural operations. 

In the context of ongoing challenges in the agricultural 
sector including labor shortages, rising production 
demands, and the need for sustainable practices plant care 
robots emerge as a promising technological solution. They 
play a pivotal role in advancing the transition toward smart, 
sustainable, and environmentally responsible farming. By 
automating repetitive and data intensive tasks, these robots 
contribute to increased productivity, optimized resource 
usage, and improved crop management, aligning with the 
broader goals of intelligent agricultural systems.For 
example, Zhang, Maoqing, et al [11] proposes two novel 
strategies a sliding window method and a placeholder 
strategy to optimize watering robot path planning and 
address challenges such as dimensionality and 
environmental variability, validated through a genetic 
algorithm with neighbor exchange. Amin Ghobadpour [12] 
discusses the emerging trends and future prospects of green 
energy based off road electric vehicles and autonomous 
robots in agriculture, highlighting their potential to address 
challenges such as labor shortages, energy demands, and 
environmental sustainability through electrification, 
renewable energy, and integration with advanced digital 
technologies. Ditzler, Lenora, and Clemens Driessen [13] 
investigates how robots can support agroecological 
farming specifically within the context of pixel cropping in 
the Netherlands arguing that automation in diversified, 
ecology based systems requires rethinking robotic design 
to align with agroecological values through inclusive, 
iterative, and hybrid approaches rather than fully replacing 
human labor. D Xie et.al [14] reviews the core technologies 
of agricultural robots operating in unstructured 
environments focusing on actuators, control systems, 
perception tools, and end effectors and highlights how their 
integration is driving the transition toward data driven, 
standardized, and unmanned smart agriculture. Fábio P. 
Terra et.al [15] proposes a low cost, modular robotic 
sprayer system using computer vision and individual 
nozzle control to optimize pesticide application in row 
crops, aiming to enhance food safety, reduce 
environmental impact, and provide an affordable 
automation solution for small and medium sized farms. Yu, 
Jiangfan, et al  [16] develops an automatic maize seeding 
machine integrating sand filling, seed placement, watering, 
and covering, and proposes an image based evaluation 
method to optimize spray angle settings concluding that a 
55° spray angle offers the best balance of watering 
efficiency, minimal seed disturbance, and uniform 
moisture distribution, as quantified by a novel Spray Angle 
Performance Index (SAPI). Fu, Qiqi, et al [17] designs an 
improved greenhouse self-propelled precision sprayer with 
a Multiple Height and Level (MHL) rack and advanced 
sensing technologies, demonstrating that it offers greater 
spray uniformity and operational stability compared to 
traditional systems, while also highlighting its precision 

and cost-saving potential through comparative analysis. 
Luo Y et.al [18] proposes a suspended rail automatic 
variable distance spray system for solar greenhouses, 
which uses laser sensing and real time control to optimize 
nozzle positioning for vertically cultivated crops 
demonstrating a 16.65% increase in pesticide adherence 
and a 29.58% reduction in pesticide use compared to fixed-
distance spraying, thereby enhancing precision, efficiency, 
and environmental sustainability. Yao, Zhixin et.al [19] 
reviews and compares existing research on autonomous 
navigation and path planning technologies for agricultural 
machinery, categorizing key methods such as GNSS, 
machine vision, and LiDAR, detailing 22 algorithms across 
four planning approaches, and highlighting unresolved 
challenges and future research directions to enhance 
obstacle avoidance and path optimization. Wang, Yue, et 
al [20] develops an intelligent wall mortar spraying robot 
featuring a retractable structure for extended working 
range, laser based parallel adjustment, and LiDAR driven 
area recognition, demonstrating its ability to autonomously 
align with walls, avoid non spray zones, and effectively 
perform automated spraying with high accuracy and 
efficiency. Given the diversity of robotic applications and 
the advancements in precision agricultural technologies 
reviewed above, it is evident that plant care robotics holds 
substantial potential to address critical challenges in 
modern farming. Therefore, this research was conducted to 
contribute a specialized mechanical design solution 
tailored to the needs of plant care automation, aiming to 
enhance operational efficiency, adaptability, and 
sustainability in smart agriculture systems. 

 
3 Mechanical design architecture 
3.1  Overall structural design 

 The proposed plant care robot features a compact, 
modular frame constructed primarily from aluminium 
extrusion profiles, providing both structural integrity and 
design flexibility. The overall dimensions of the robot are 
560 mm (length) × 410 mm (width) × 220 mm (height), 
making it suitable for navigating narrow crop rows or 
greenhouse aisles. The platform accommodates a 5-10 kg 
water tank, centrally positioned for balanced load 
distribution. 

A four-wheel configuration is used to ensure mobility 
and ground stability, with robust rubberized wheels 
designed for semi-structured terrains. The drivetrain 
utilizes two chain-driven systems connected to stepper 
motors for independent left right wheel control, enabling 
differential steering. The chains are tensioned and guided 
by sprockets mounted on both motor shafts and wheel axles 
to ensure synchronized movement and torque transmission 
(Figure 1). 
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Figure 1 Mechanical design overview of the plant care robot 
platform 

 
The gap between the two supporting leg frames is 200 

mm, allowing the system to straddle over narrow crops or 
rows, minimizing interference with the plants during 
operation. The top surface supports electronics and power 
systems (not shown), while the bottom region remains 
accessible for future integration of spraying arms, sensing 
modules, or robotic manipulators. 

 
3.2  Chassis and frame design 

The chassis of the plant care robot is designed with a 
focus on modularity, lightweight construction, and 
adaptability to semi-structured agricultural environments. 
The entire frame is fabricated using 20×20 mm 6063-T5 
aluminium profiles, chosen for their excellent balance of 
strength to weight ratio, corrosion resistance, and ease of 
machining and assembly. The use of extruded aluminium 
allows for future component integration and structural 
adjustments without requiring welding or cutting, 
enhancing maintainability. 

The robot’s overall frame structure consists of three 
main segments: 

Central support platform (footrest): measuring 105 mm 
(height) × 400 mm (length) × 200 mm (width), serves as 
the mechanical core for mounting electronic components 
and the water tank (5-10 kg capacity). 

Side legs: symmetrically positioned with a 200 mm gap 
between them to straddle plant rows without disturbing 
crops. 

Small connecting frame: sized 200 mm × 240 mm, 
reinforces lateral stability and provides a mounting base for 
drive systems or sensor modules. 

The top frame layout, as shown in Figure 2 includes 
transverse beams to support both mechanical loads and 

modular attachments such as spraying arms or vision 
systems. The frame’s open design allows air circulation 
around electronic components and provides access for 
maintenance. 

 

 
Figure 2 Chassis and frame design 

 
This compact aluminium-based frame design ensures 

the robot remains both structurally stable and lightweight, 
meeting the mobility and load bearing requirements of 
medium to large scale plant care applications in 
greenhouses or open fields. 

To evaluate the mechanical reliability of the top 
platform under operational loads, a finite element analysis 
(FEA) was conducted. The simulation assesses the von 
Mises stress distribution across a 6 mm thick 6061-T6 
aluminium plate mounted on the frame and subjected to a 
uniform load of approximately 70 N, representing the 
weight of components such as the water tank and 
electronics. 

As shown in Figure 3, the von Mises stress values 
across the structure range from 83.7 Pa to 57.9 kPa, with 
stress concentrations observed near the plate corners—
likely due to localized boundary conditions or fixed 
constraints. Importantly, the maximum stress value (≈ 5.8 
× 10⁴ N/m²) is significantly lower than the material’s yield 
strength of 275 MPa (2.75 × 10⁸ N/m²) for 6061-T6 
aluminium. This indicates a very high safety factor, 
confirming that the platform will remain within the elastic 
deformation range and not experience plastic deformation 
or failure under normal operating conditions. 

The results validate the design decision to use 6061-T6 
for the top plate and confirm the adequacy of the 
supporting 6063-T5 aluminium frame. The system is 
structurally sound for the expected loading, ensuring 
durability and stability during field operation.

 



Acta Acta Acta Acta TecnologTecnologTecnologTecnologiiiiaaaa    ----    International Scientific Journal about International Scientific Journal about International Scientific Journal about International Scientific Journal about TechnologiesTechnologiesTechnologiesTechnologies    

Volume: 11  2025  Issue: 4  Pages: 193-199  ISSN 2453-675X 

    

Design and technological development of robotic platforms for agricultural plant care  

Tran Thanh Tung, Nguyen Thi Anh, Nguyen Xuan Quynh, Tran Vu Minh 

 
 

~ 196 ~ 

Published by Acta Tecnologia, www.actatecnologia.eu 

 
Figure 3 The von Mises stress distribution from frame

 
Figure 4 The equivalent strain (ESTRN) across the frame  

 
To complete the structural validation, a strain analysis 

was performed under the same loading and boundary 
conditions used in the previous stress and displacement 
simulations. The plot in Figure 4 illustrates the distribution 

of equivalent strain (ESTRN) across the frame and top 
aluminium plate. 

The results indicate extremely low strain values 
throughout the structure, with peak strain reaching 
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approximately 4.03 × 10⁻¹⁰. These values are orders of 
magnitude below typical strain thresholds for structural 
deformation in 6061-T6 and 6063-T5 aluminium, 
confirming that the entire chassis and load-bearing plate 
remain well within the elastic deformation range. 

Strain concentrations are mildly visible at the corners 
of the plate corresponding with locations of stress 
accumulation, but these are still negligible in magnitude. 
The rest of the frame exhibits near-zero strain, which aligns 
with expectations given the lightweight loading scenario 
(~70 N) and the material stiffness. 

These results further validate that the current 
mechanical design ensures durability, elastic recovery, and 
structural safety, with no risk of plastic deformation or 
fatigue under nominal operational loads. 
 
4 Results and discussion 

All in-text citations should be listed in the reference list 
at the end of your document (Figure 2, Figure 3). 

Following the completion of the mechanical design and 
structural validation, a full-scale prototype of the plant care 
robot was fabricated and assembled, as shown in Figure 5. 
The development and assembly of the agricultural plant 
care robot prototype were carried out in strict accordance 
with the proposed mechanical design specifications, 
resulting in a structurally accurate and functionally stable 
system. The chassis was constructed using 20×20 mm 
6063-T5 aluminium extrusion profiles, chosen for their 
excellent mechanical properties, corrosion resistance, and 
ease of assembly. These lightweight yet durable 
components formed the skeleton of the robot, offering high 
structural integrity and modularity. To address 
concentrated loading and enhance structural performance, 
a 6 mm thick 6061-T6 aluminium plate was mounted on 
the top surface of the frame. This plate acted as a load 
distribution platform, accommodating an estimated 
operational payload of 70 N, which includes the water tank 
(up to 10 kg), drive components, and potential sensor 
modules. Under static loading conditions, the prototype 
maintained its shape with no visible signs of deformation, 
deflection, or instability, demonstrating its robustness and 
suitability for semi-structured agricultural environments 
such as narrow crop rows or greenhouse aisles. 

To further evaluate mechanical performance, finite 
element analysis (FEA) was conducted to simulate 
structural behaviour under loading. The von Mises stress 
analysis revealed that the maximum stress was 
approximately 57.9 kPa, located near the corner constraints 
of the aluminium plate. This value is significantly lower 
than the yield strength of 275 MPa for 6061-T6 aluminium, 
providing a substantial margin of safety and confirming the 
structure’s ability to operate under normal agricultural 
conditions without risk of yielding or failure. Strain 
analysis (ESTRN) further indicated minimal deformation, 

with peak strain values around 4.03 × 10⁻¹⁰, which is orders 
of magnitude below the elastic threshold, thus confirming 
that the materials remain well within the elastic range 
throughout operation. These results validate the choice of 
materials and confirm the adequacy of the load-bearing 
structure in terms of stiffness, strength, and long-term 
reliability. 

The displacement simulation showed a smooth 
distribution of deflection, with the maximum occurring at 
unsupported plate edges. Although some exaggerated 
values appeared due to mesh density or improperly 
constrained boundary conditions in the simulation 
software, the physical prototype showed no noticeable 
warping, tilting, or deflection during preliminary loading 
and mobility tests. Observations from manual push tests 
confirmed the frame’s resistance to torsion and bending, 
reinforcing confidence in its use on uneven terrain with 
minor vibrational loads. 

The mobility system, consisting of four wheels and a 
chain-driven differential mechanism, also underwent 
design verification and theoretical performance evaluation. 
The drivetrain was built using 04C chain and sprocket 
components, with a gear ratio of 2:5 achieved through a 12-
tooth sprocket on the motor and a 30-tooth sprocket on the 
drive axle. This configuration effectively reduces wheel 
rotation speed while increasing torque by 2.5 times, 
making it suitable for agricultural use where high torque 
and low speed are prioritized over rapid motion. 
Calculations show that, with the selected motors (JGB37 
series), the output torque at the wheel can reach over 2 Nm 
per motor, generating a combined tractive force of 
approximately 63.7 N, which is sufficient to move a 20 kg 
load under typical rolling resistance conditions. While the 
motors used in the current prototype were simulation units, 
the drivetrain demonstrated consistent alignment and 
tension, with the chain remaining engaged and responsive 
under test movement. Minor irregularities such as chain lag 
or stalling were observed, primarily due to insufficient 
motor power in the prototype, which will be addressed in 
future iterations by integrating higher power geared 
motors. 

In summary, the prototype exhibited excellent 
compliance with mechanical and structural expectations. 
The modular design enables easy disassembly and 
upgradeability, the fabricated frame is lightweight and 
mechanically sound, and the system is well-suited for 
integration with additional components such as sensors, 
actuators, and control electronics. The FEA results, 
supported by physical observations, indicate that the 
current mechanical structure can confidently support 
further development toward full automation. This 
validation provides a solid foundation for advancing the 
project to the next phase, including control integration, 
sensor-based perception, and autonomous plant care 
functionalities.
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Figure 5 A full-scale prototype of the plant care robot 

5 Conclusions 
This study successfully designed, analysed, and 

fabricated a mechanical prototype of a robotic platform 
intended for plant care applications in agriculture. By 
focusing exclusively on mechanical architecture, the 
project established a robust and modular frame constructed 
from 6063-T5 aluminium profiles, combined with a 6 mm 
thick 6061-T6 aluminium plate for load distribution. Key 
mechanical subsystems, including a differential drive 
system with chain transmission and a compact wheelbase, 
were developed to support operation in structured 
environments such as greenhouses and narrow crop rows. 
Finite Element Analysis (FEA) confirmed the structural 
integrity of the design under operational loads, with stress 
and strain levels significantly below the yield limits of the 
materials used. The physical prototype was assembled 
using accessible manufacturing techniques and materials, 
validating the design’s manufacturability, rigidity, and 
ease of assembly. 

Building upon the successful development of the 
mechanical prototype, future work will focus on 
transforming the platform into a fully autonomous and 
intelligent agricultural robot. This includes integrating 
sensor systems such as soil moisture sensors, ultrasonic or 
LiDAR modules, and environmental monitors to enable 
real-time interaction with crop conditions. A control 
system based on microcontrollers (e.g., Arduino or 
Raspberry Pi) will be implemented to manage motor 

control, process sensor data, and execute plant care 
routines. In addition, the robot’s navigation capabilities 
will be enhanced through the application of GPS, vision-
based tracking, or predefined path planning to ensure 
precise movement within crop rows or greenhouse 
environments. Modular end-effectors for watering, 
spraying, and crop monitoring will also be designed for 
quick attachment and task flexibility. Finally, efforts will 
be made to improve energy efficiency and sustainability, 
including exploring the use of solar panels for outdoor 
operation. These advancements aim to transform the 
current mechanical platform into a smart, adaptable, and 
scalable solution for modern agriculture. 
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