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Abstract
Weed management in rice (Oryza sativa L.) food crop cultivation is a labor-intensive operation that significantly affects crop productivity and production cost. The use of walk-behind paddy weeders provides an effective mechanized alternative to reduce labor requirement and improve field efficiency. The performance and durability of such machines depend on the strength of the main frame of the machine, which is subjected to different types of loads during its operation. For the present study, the structural integrity of the main frame of a walk-behind dual-action paddy weeder was evaluated through Finite Element Analysis (FEA). For this purpose, a three-dimensional finite element model of the frame was developed in SolidWorks and analyzed through ANSYS Workbench software under static conditions. The frame was designed and developed using mild steel angle sections. The analysis was performed to evaluate the stress distribution, strain characteristics, and deformation of the frame. The analysis showed that the highest equivalent (von Mises) stress developed in the frame (28.514 MPa) was within limits compared to the yield strength of the material (175 MPa). At the same time, the highest deformation of the frame was found to be 0.10136 mm. The strain values developed in different sections of the frame were within limits, which confirmed that there would be no permanent deformation of the frame under such conditions.Overall, the analysis indicates that the frame design is structurally safe and suitable for field operation. The study also demonstrates the usefulness of FEA in evaluating and improving the design of agricultural machinery.
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1. INTRODUCTION
Rice (Oryza sativa L.) is one of the world's leading food crops supplying food to approximately 60% of the population. In India, rice is an essential crop for both food production and income generation (Hashim et al. 2024; Jabeen et al. 2024). The success and number of acres of rice produced each year continues to grow; however, due to a lack of proper intercultural practices, especially weed control, production can suffer significantly. To control weed competition with rice and increase yield, timely weed control is critical (Rathika and Ramesh 2018; Mohan et al. 2025). Mechanical weeders have, therefore, gained popularity as a means to reduce labour requirements in rice farming while increasing the efficiency of rice producers working in wetland areas. 
Structural integrity is an important factor for agricultural machinery and greatly affects durability, safety, and operational reliability (Sebastian & Kalita, 2021). The main frame of a paddy weeder is the primary load bearing structure of the paddy weeder, and it bears the parts most critical to the weeder's operation (engine, transmission system, blade assembly, and drum wheels with their accompanying handle assembly).
During field operation, the frame is subjected to combined static and dynamic loads, including engine weight, traction forces, soil resistance, and operator handling forces. (Veeraprasad et al., 2023). As a result, it is vital that the overall structural design of the frame be correct in order to provide the necessary strength and rigidity, as well as the longest possible usable life (Veeraprasad et al., 2023). In recent years, the finite element method (NEM) has greatly aided in the design and evaluation of mechanical components. Finite Element Analysis (FEA) allows design engineers to determine how much stress, how much strain, and how much deformation a structure will experience under various types of loading conditions before it is ever built (Saygılı & Çakmak, 2025; Bhelave et al., 2023). The method works by dividing the geometry into smaller pieces known as "elements," which are connected at points called "nodes." The FEM solves many complex engineering problems numerically with high accuracy. In addition, many commercial programs have become very popular for conducting structural analyses, including ANSYS Workbench, because they can perform static analysis, dynamic analysis, and thermal analysis simulations with high precision (Silva et al., 2014; Saygılı & Çakmak, 2025).
The use of FEA in agricultural machinery design helps in identifying stress concentration regions, optimizing material usage, reducing development costs, and enhancing structural safety (Yang, 2024). Previous studies have successfully applied finite element techniques for evaluating machine frames and agricultural equipment under working loads (Sebastian et al., 2024).  However, limited research has been reported on the structural analysis of walk-behind dual-action paddy weeders, particularly focusing on frame performance under combined loading conditions.  (Veeraprasad et al., 2023).
Therefore, the present study aims to perform a static structural analysis of the main frame of a walk-behind dual-action paddy weeder using FEA in ANSYS. The study evaluates stress distribution, strain behavior, and total deformation of the frame to verify whether the selected mild steel material and structural dimensions provide sufficient strength and safety under operating conditions. The findings of this research contribute to improving the structural reliability and performance of mechanized weed management equipment in paddy cultivation.
2. MATERIAL AND METHODS
A 3D CAD model of the weeder’s frame and blade was created in SolidWorks version 2022, and a static structural analysis was carried out using the FEA method in ANSYS Workbench version 25.0. respectively and fabricated at JNKVV, Jabalpur. The flow chart of procedure of ANSYS Analysis on the frame is given in Fig.1.  The main frame was constructed using mild steel (MS) angle sections to support various components such as engine, float, blade assembly, drum wheel, handle, and ground wheels. The frame was designed for structural stability, ease of fabrication, and corrosion resistance paint coating. The frame was constructed using two parrarel angle ms steel of 30×30×3 mm. The width of the frame is 140 mm. The frame has three parts on which engine, traction wheel, transmission system, blade assembly, drum wheel and sweep tyne was mounted. The first part of the main frame was 604 in length and has four angle in between to provide strength and to hold the float. The second part of the main frame i.e. top of main frame was used to mount engine. The engine was mounted on rectangular sheet of 4 mm thickness of 245 mm in length and 160 mm width using four rectangular angle frames of height 240 at front end and 93 mm at rear end of main frame. The third part of the main frame which is at the rear end of the main frame on which sweep tyne and drum wheel was attached was constructed using two parallel angle ms steel of 30×30×3 and has length of 320 mm. It has two angle in between to provide strength as well to mount the sweep tyne. The schematic diagram of the main frame is shown in Fig.2 and physical propertis of MS steel is given in Table 1.
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Fig. 1. Flow chart of step for ansys analysis
Procedure of ANSYS Analysis on the Frame (Fig. 1)
1. A 3D CAD model of the component is developed as the basis for analysis.
2. The model is imported into the finite element environment for simulation.
3. A static structural setup is defined by assigning material properties, generating the mesh, applying loads, and specifying boundary conditions.
4. The simulation is executed to obtain stress and deformation results.
5. Results are verified for accuracy and safety, and the model is modified if necessary.
6. Verified results are visualized and interpreted to assess the structural integrity of the design.
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Fig. 2. Schematic diagram of mainframe of weeder
Table 1.  Physical Properties of MS Steel
	S.No

	MS STEEL

	
	Physical Properties
	Details

	1
	Modulus of elasticity
	208

	2
	Density, kg/m3
	7800

	3
	Tensile strength, MPa
	350

	4
	Yield strength, MPa
	175

	5
	Poisson’s ratio
	0.29


3. RESULT AND DISCUSSION
3.1 Finite element analysis by using ANSYS software of strain results in main frame
The strain behavior of the main frame of the walk-behind dual-action paddy weeder was investigated using static structural finite element analysis in ANSYS. Three key strain parameters i.e., equivalent elastic strain, maximum principal elastic strain, and maximum shear elastic strain were analyzed to characterize the elastic deformation of the structural steel frame. The numerical results are summarized in Table 2. The equivalent elastic strain values ranged from 1.1797 × 10-10 mm/mm to 1.4266 × 10-4 mm/mm (Fig. 3), whereas the maximum principal elastic strain varied between -4.9443 × 10-7 mm/mm and 1.1871 × 10-4 mm/mm      (Fig. 4). The maximum shear elastic strain was observed to lie between 1.0263 × 10-10 mm/mm and 1.8637 × 10-4 mm/mm (Fig. 5), while the shear elastic strain ranged from -1.1561 × 10-4 mm/mm to 1.0492 × 10-4 mm/mm. (Fig. 6). The strain contour plots in the figure show how strain is distributed across the frame. Higher strain levels are mainly concentrated around the mounting points and bolted joints, where load transfer is most pronounced. Despite these localized increases, all calculated strain values remain comfortably within the elastic range of the chosen frame material. This confirms that the deformations caused by the applied loads are fully reversible and will not lead to any permanent structural damage during normal field operation. (Jog & Agashe, 2025; Veeraprasad et al., 2023; Wang & Wu, 2023).
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Fig. 3. Results of equivalent elastic strain
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Fig. 4. Results of maximum principal elastic strain
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Fig. 5. Results of maximum shear elastic strain
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Fig. 6. Results of shear elastic strain
3.2 Finite element analysis by using ANSYS software of stress results in main frame
The numerical results of stress analysis presented in Table 2 show that the equivalent (von Mises) stress ranged from 1.4385 × 10-5 MPa to 28.514 MPa (Fig. 7). The calculated maximum principal stress values varied between -2.3744 MPa and 25.641 MPa, as shown in Fig. 8 and Table 2, while the maximum shear stress ranged from 7.8948 × 10-6 MPa to 14.336 MPa, as depicted in Fig. 9 (Prasetiyo & Sekarjati, 2022). The calculated shear stress values ranged from -8.893 MPa to 8.0706 MPa, as shown in Fig. 10. The color-coded stress contours in the figure illustrate the variation of stress levels across the frame, from minimum to maximum values. Higher stresses are primarily observed around welded joints and bolted connections, where load transfer is most critical. While minor stress fluctuations are present in different regions of the structure, the overall stress levels remain well below the yield strength of the selected structural steel, approximately 350 MPa. This confirms that the frame can safely withstand the applied loads without experiencing permanent deformation during operation (Prasetiyo et al., 2022).
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Fig. 7. Results of equivalent (von-Mises) stress
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Fig. 8. Results of maximum principal stress
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Fig. 9. Results of maximum shear stress
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Fig. 10. Results of shear stress
3.3 Finite element analysis using ANSYS: Deformation of the main frame
The total deformation of the main frame under the applied loading conditions was examined using static structural analysis in ANSYS. The results show that deformation ranges from 0 mm to a maximum of 0.10136 mm, as illustrated in the Table 2 and Fig. 11. The color-coded deformation contours reveal how displacement spreads along the frame members. The greatest deformation occurs in areas where external loads enter the structure. Overall, the amount of deformation is very small compared to the frame's overall size. This shows that the structure keeps enough stiffness under working loads. Since the maximum deformation stays within safe limits, the analysis confirms that the frame is strong enough to support the mounted components and handle working forces without significant deformation.
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Fig. 11. Total deformation of the main frame under combined load conditions








Table 2. Resultant forces for finite element analysis of mainframe
	Parameters
	Type
	Minimum Value
	Maximum Value
	Unit

	Strain
	Equivalent elastic strain
	1.1797e-10
	0.00014266
	mm/mm

	
	Maximum principal elastic Strain
	-4.9443e-7
	0.00011871
	mm/mm

	
	Maximum shear elastic Strain
	1.0263e-10
	0.00018637
	mm/mm

	
	Shear elastic strain
	-0.00011561
	0.00010492
	mm/mm

	Stress
	Equivalent (von-Mises) stress
	1.4385e-5
	28.514
	MPa

	
	Maximum principal stress
	-2.3744
	25.641
	MPa

	
	Maximum shear stress
	7.8948e-6
	14.336
	MPa

	
	Shear stress
	-8.893
	8.0706
	MPa

	Deformation
	Total deformation
	0
	0.10136
	mm


4. CONCLUSION 
The present study evaluated the structural integrity of the main frame of a walk-behind dual-action paddy weeder using Finite Element Analysis (FEA) performed in ANSYS Workbench. The frame, fabricated from mild steel angle sections, was analyzed under static loading conditions to determine stress distribution, strain characteristics, and total deformation. The results indicated that the maximum equivalent (von-Mises) stress developed in the frame was 28.514 MPa, which is significantly lower than the yield strength of mild steel (175 MPa). Similarly, the maximum principal and shear stresses were well within permissible limits. The strain values obtained from the simulation remained within the elastic range, confirming that the deformation experienced by the structure is completely recoverable and does not result in permanent damage. The maximum total deformation observed was 0.10136 mm, which is negligible compared to the overall dimensions of the frame, demonstrating sufficient stiffness and rigidity during operation. Stress and strain concentrations were primarily observed near welded joints and mounting locations where load transfer occurs. However, these localized effects did not exceed the allowable limits of the material. The analysis confirms that the selected material properties, cross-sectional dimensions, and structural configuration provide adequate strength and safety under expected working conditions. Overall, the finite element analysis validates the structural design of the paddy weeder frame, ensuring reliability, durability, and operational safety. The application of FEA in the design stage reduces the need for repeated physical prototyping, minimizes material wastage, and improves design optimization. The findings of this study support the suitability of the developed frame for field applications in paddy cultivation and contribute to the advancement of mechanically efficient weed management systems.
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