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A Finite-Element Method for Enhancement Issues of frame of battery

operated ridge planter with drip line installer

Abstract

Using distinct partial differential equations, complicated structures breaks down
into small elements using the computational approach known as finite element analysis
(FEA). Engineers in agriculture can investigate the behavior of numerous input products
using numerical simulation based on the FEA technigue in order to enhance the design of
any machine without constructing a prototype. The current study employed the FEA
technique to develop and simulate the frame of a battery-operated ridge planter with a
drip line installer. A static structural test was performed through using the FEA
technique in the ANSY'S version 15.0 workbench software, and a 3D-CAD model of the
frame of a battery-operated ridge planter with drip line installer was made using the Solid
Works software. To determine the force necessary in the universal testing machine and

the applied forces, respectively, on the frame, a specific fixture has been generated.

Total deformation was measured at 23313 mm, and the simulation revealed that
the maximum shear stress, equivalent stress, normal stress, stress intensity, and strain
energy were, respectively, 8.40 MPa, 16.68 MPa, 16.4 MPa, 16.8 MPa, and 3.55 MPa at
1817.5 N of total load acting on the frame.

The stress values are within the material's yield strength, it was also observed.
The FEA methodology was discovered to be a way for creating and simulating the frame
of a battery-operated ridge planter with drip line installer that is very effective and

scientific.
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Introduction

Nearly 60% of the country owverall horticultural production is comprised of
vegetables. India is currently the world's second-largest vegetable producer. Vegetable
farming covered 10.26 million hectares in India in 2017-18, producing 184.40 million
tones and producing 17.97 MT/ha, respectively. The top five states that produce the most
vegetables are Uttar Pradesh, West Bengal, Madhya Pradesh, Bihar, and Maharashtra.



The production area in Madhya Pradesh was 0.92 million hectares, with a production of

18.1 million tones, and the productivity was 19.57 MT/ha.

The traditional technique of planting is tedious, time-consuming, fatigue, and
backache due to the longer duration required for maintaining the metering of seeds if
overfill and bunching are to be avoided (Bamgboye and Mofolasayo, 2006). The area of
the field that can be planted is constrained by manual techniques' poor seed placing, low
efficiency, late planting, as well as substantial stiffness issues for farmers. One of the
most important aspects that may be achieved effectively through the proper application of

agricultural machinery is timeliness of operation.

Water is an essential factor in agricultural production. In arid and semi- arid
regions of India, water availability is becoming a major challenge for farm production.
(Anonymous, 2013). Therefore, it is important to manage the water resources that are
already available wisely by adopting irrigation technology that enhances vegetable
production both per unit area and per unit of water used. Drip irrigation was subsequently
used to increase crop productivity and water use efficiency. Using the drip irrigation

method, water is delivered to plant roots at a controlled rate.

Precision planting was defined as the putting of a single seed and uniform
seedling within soil at the specified plant spacing. A precision planter is a sowing device
mounted with single seed metering devices. Horizontal plate planters with cells on the
periphery had been the first precision planter (Datta, 1974). Despite that the inclined and
vertical plate seed metering become extensively used, however caused problems such as
high seed damage and missing and multiple seed drops. To overcome this problem and
reduced these losses, and horizontal plate become developed and used. To attain correct
seed spacing, numerous parameters affecting placement ought to be optimized for a given
seed size, along with the shape of the seed at the disc for simulation of the seed and the
speed of the disc, to adjust seed spacing. Seed spacing is defined as the proper seed to
seed distance through planter (Korayem et al., 1986, Kachman and Smith, 1995), and
seed rate is actual seed dropped on unit area (Heege, 1993) are most performances

parameters.

High labour demands in operation in a crop production system cannot or have not
been mechanized. In order to obtain an adequate return, manpower peaks in the bund-

making, sowing, and drip line-installing processes must be mechanized. In order to



support all machine components, a structure is created for bund construction, sowing, and

installing drip lines. Frames are strong, affordable, and strengthful.

"Finite element analysis, also known as finite element method, is a humerical
technique that approximates solutions to boundary value problems involving algebraic
equations by breaking complex structures into a number of small elements” (Zienkiewicz
et al., 2013). “Although the precise beginnings of FEA are undetermined it is becoming
an increasingly widely as a result of advancements in computer technology. This method
relies on the concepts of constructing and solving hypothetical equations for the problem,
identifying the problem's domain, and calculating the relevant variables” (Velloso NS et
al., 2018). Before creating mechanical prototypes, engineers or developers can utilize
FEA to examine the behavior of different input materials, helping with the production
process as well as monitoring and spotting any usability issues or material failures.
Software like AutoCAD, CREO, ANSYS, SolidWorks, CATIA, and others are available
on the market to design and simulate any mechanical part of the body. These serve a
variety of objectives and are employed by particular fields for specific objectives (Kumar
et al., 2022). For doing finite element analysis and resulting in numerical solutions to a
variety of mechanical problems, ANSYS is the most versatile and often used programme
among engineers. Static/dynamic, structural analysis, transfer of heat, fluid, acoustic, and

electromagnetic issues are some of these issues (Kumar et al., 2022).

Despite being widely utilized in mechanical design, the finite element method is
still in its infancy when it comes to developing agricultural equipment. Additionally, a
battery-operated ridge planter with drip line installer was examined in the context of an
evaluation of research on FEM. In order to assess if the design was appropriate for
development, this study set out to build a 3D model of the frame of a battery-operated
ridge planter with drip line installer and simulate it using the FEA approach.

Material and Method

Creo Parametric (version 7.0) and ANSYS workbench (version 15.0) software
were used to design and simulate the frame of the battery-operated ridge planter with drip
line installer, which was then manufactured at JINKVV, Jabalpur. Mild steel (MS) was
used in the fabrication of these components because of its many design-friendly physical

and mechanical characteristics, as well as because it is affordable and widely available.

2.1 Main Frame



The pipe frame's basic structure was made of 50 mm CI pipe for mounting
various components of the seed sowing, bund making and drip line installing such as
metering mechanism, three ridger, drip line installer, and so on. Two pairs of CI pipes,
each with a length of 6000 mm, a width of 50 mm, and a thickness of 3 mm, were cut and
welded repeatedly to shape the pipe frame, allowing the developed battery operated ridge

planter with drip line installer mechanism to be installed within it, as shown in Fig. (1).

Fig. 1 Solid work design of frame
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Table 1. Physical properties of the material

Fig. 2 flow diagram of an ANSY'S software process

MS STEEL
S.No ] ] ]
Physical Properties Details
1 Modulus of elasticity 208
2 Density, kg/m® 7800
3 Tensile strength, MPa 350
4 Yield strength, MPa 175
5 Poisson’s ratio 0.29




2.2 Process of ANSYS Analysis on the Developed Frame
Table 1 displays the physical parameters of the materials, and fig. 2 represents
the flow diagram of an ANSYS software programme. The following steps made up the
entire analysis: -

1 There are only three processes used in the ANSYS programme for the
analysis of any part: pre-procedure, procedure, and post-procedure.

2 Initially, applying the solid works software to create the 2D and 3D CAD
models.

3 The force, boundary condition, and fix point are taken into account in the
pre-procedure previous to the meshing process starts. We are aware of
the total number of elements and nodes following the meshing process.

4 The displacement, conducted stress, and strain forces in the frame's
structure are then determined using the static analysis.

5 All parameters are investigated to see if they stumble within the
permissible limits for the materials that were selected.

6 The most probable outcome is then recorded.

2.3 Battery-operated Ridge Planter with Drip Line Installer Frame Finite
Element Analysis

The main user interface shows wide range of analytical system after launching
ANSYS Workbench. Since, main objective of this study was to examine the structural
stress analysis of the frame of tractor operated single row maize cobs picker, therefore
Static Structural Analysis (SSA) tool was selected. The material used for construction of
frame is MS and properties of MS not available in the existing library. Therefore, it is
essential to create a new material library with isotropic elasticity and density options. The
properties of MS used in the analysis are shown in Table 1. The next important step of
FEM is to define the geometry, for this previously developed CAD model was imported
through design modeler which is a parametric geometry modeler. The main advantage of
design modeler is easy manipulation of existing geometry. After that meshing was done
to perform the accurate simulation using FEA. A mesh was created using the elements
which contain the various nodes (coordinate locations in space that can vary by element
type) that represent the shape of the geometry. The default meshing option was opted.
The boundary conditions of the model need to be carefully applied on to model in
analysis setting. Frame are supported by wheel and the load apply on the frame is

approximately 1817.5 N. After applying the boundary conditions, static structural



simulation was carried for selected parameters like total deformation, maximum shear
stress, equivalent stress, normal stress, stress intensity and strain energy were found and
shown in figures 3, 4, 5, 6, 7 and 8.
3 Result and discussion
3.1 Total deformation

Total deformation of the model indicates the portion where maximum force and
bends occur. It also includes that how much reaction force required to bend a material.
Furthermore, it is used to obtain the displacement from applied stress. Summation of
square of all the directional i.e., X, y and z gives the total deformation of the model. The
color red and blue indicates maximum 23313 mm and minimum 12763 mm deformation
(fig. 3). It was evident from the results that maximum deformation was observed in center
where the leaves undergo beating and scrapping. The analysis showed that maximum
deformation is at front and back side frame model. The frame model made of mild steel

has less deformation than the yield point of the material (Khurmi and Gupta, 2005).
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Fig. 3 Total deformation

3.2 maximum shear stress

The breakdown of material depends on the maximum shear stress of the product.
The color chart of the model indicates maximum and minimum shear stress. The
maximum shear stress was found to be 8.40 MPa while minimum as 1.20e-6 MPa (fig.
3.27). The maximum shear stress of model is lower than its shear stress (200-300 MPa)
(Khurmi and Gupta, 2005) which shows that deformation does not cause much failure on
the frame (fig. 4).



3.3 Equivalent stress

Equivalent stress is computed to estimate yield failure criteria in ductile materials
as shown in fig 5. The maximum equivalent stress was found to be 16.68 MPa whereas
the minimum was found as 2.10e® MPa. Jakasania et al (2016) conducted the similar
study and suggested that, in designing model, working stress should take the lower than
the maximum or ultimate stress at which failure of the material take place.
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Fig. 4 maximum shear stress
3.3 Equivalent stress
Equivalent stress is computed to estimate yield failure criteria in ductile materials
as shown in fig 5. The maximum equivalent stress was found to be 16.68 MPa whereas
the minimum was found as 2.10e® Mpa. Jakasania et al (2016) conducted the similar
study and suggested that, in designing model, working stress should take the lower than

the maximum or ultimate stress at which failure of the material take place.
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Fig. 5 Equivalent stress
3.4 Normal stress
Normal Stress of the frame were stress on a surface that represents the cross-
section of a part in tension. The maximum normal stress was found to be 16.40 MPa

whereas minimum normal stress as -15.29 MPa shown in fig. 6.
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Fig. 6 Normal stress
3.5 Stress intensity
Stress intensity on frame was compared to a critical value and evaluate whether a
component or structure is prone to fracture. The maximum stress intensity found to be
16.80 MJ and the minimum was 2.40e® mJ (fig. 7).
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Fig. 7 Stress intensity



3.6 Strain energy

Strain energy is the energy stored in a body due to deformation. Strain energy in
the model the maximum strain energy was found to be 3.55mJ and the minimum was
3.71e-15 shown in fig 8.
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Fig. 8 Strain energy

4 Conclusion

To design and simulate the frame of a battery-operated ridge planter with drip
line installer, a 3D CAD model was made in the Solid Works design programme, and a
static structural analysis was carried out in the ANSYS version 15.0 workbench
programme. In order to calculate the force required to install drip lines, make
bunds, and plant seeds in the Universal Testing Machine, a specific fixture has
been created. Maximum deformation was calculated to be 23313 mm at 1817.5 N total
force, including the weight of all parts, while maximum shear stress, equivalent stress,
normal stress, stress intensity, and strain energy were predicted to be 8.40 MPa, 16.18
MPa, 16.4 MPa, and 16.80 MPa a, d 3.55 MJ, respectively. It was discovered that the
stresses' values matched within the material's yield strength. As a result, it was found that
the FEA technique is a very effective and scientific method for designing the frame of a
battery-operated ridge planter with drip line installer. Based on this discovery, a
prototype of the frame of a battery-operated ridge planter with drip line installer can be

created.
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