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Abstract — The purpose of this research was to assess the
performance of a cultivator's tyne in different soil conditions
and blade angles using Ansys software. The study focused on
three soil conditions (black soil, red soil, and laterite soil) and
examined the tyne at three angles (45 degrees, 50 degrees,
and 55 degrees). Forces exerted on the tyne were calculated
for each soil condition, and total deformation and equivalent
stresses were analyzed to evaluate its structural behavior and
performance. The results indicated that the optimal blade
angle for black soil was 45 degrees, which exhibited the
lowest total deformation and equivalent stress. The same
angle also yielded favorable results for red soil and laterite
soil. These findings suggest that a 45-degree blade angle
enhances performance and resilience across various soil
conditions. Implementing this angle can improve the
durability and effectiveness of cultivator tynes, ensuring
efficient soil cultivation across different soil types. Future
research can explore additional parameters to further enhance
tyne performance and develop more robust cultivation
techniques. The implications of this study are valuable for the
design and optimization of cultivator tynes in agricultural
practices.
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. INTRODUCTION

Agricultural cultivators play a crucial role in soil preparation,
seedbed formation, and weed control, making them essential
tools for effective farming [1]. Among the various types of
cultivators available, the 9-tyne cultivator stands out as a
popular choice due to its versatility and adaptability to
different soil conditions. However, concerns have been raised
regarding the performance and effectiveness of these
cultivators, as instances of failures in specific soil types have
been reported. This thesis aims to investigate the failure
patterns exhibited by 9-tyne cultivators in various soil
conditions, providing valuable insights into the underlying
causes and potential solutions. By analyzing real-world case
studies, conducting field experiments, and utilizing advanced
analytical techniques, this study seeks to unravel the
complexities associated with cultivator failures and their
relationship with different soil characteristics. The findings
of this research will contribute to enhancing the design,
operation, and maintenance practices of 9-tyne cultivators,
enabling farmers and agricultural practitioners to optimize
their use and mitigate the risks associated with soil-specific
failures [2].

To understand the context of cultivators and their
significance, it is important to explore the various types of
cultivators based on their use, geometrical features, and
power requirements. Cultivators can range from small motor-
powered ones for gardening to tractor-mounted cultivators

used on farms. Field cultivators are employed for seedbed
preparation, weed control, and soil incorporation, while row
crop cultivators specialize in weed control between rows of
established crops. Additionally, cultivators can be
categorized based on their geometrical features, such as disc
cultivators, tyne cultivators, and rotary cultivators. The power
source for cultivators can vary, with tractor-drawn and
animal-drawn cultivators being commonly used [3]-[5].

The performance and efficiency of cultivators are
influenced by various factors, including the specific soil
conditions in which they operate. Soil type, moisture content,
and chemical properties significantly impact the operation
and effectiveness of cultivators. Understanding the failure
analysis of cultivators in different soil conditions is vital for
improving their design, performance, and overall efficiency
[6]-[10].

In terms of soil types, black soil, also known as black
cotton soil or regur soil, is primarily found in the Deccan lava
tract and river valleys in certain regions of India. It is
characterized by its fine texture, clayey nature, and high
concentration of lime, iron, and magnesium [11], [12]. Red
soil, on the other hand, is found in areas like the
Chhotanagpur Plateau, Telangana, and Nilgiris. It is suitable
for growing millets, pulses, and other crops but lacks lime,
nitrogen, and humus. Laterite soil is formed under high
temperatures, heavy rainfall, and alternating wet and dry
periods [13]. It is porous, deficient in lime, magnesium, and
nitrogen, and has a distinct reddish hue due to the presence of
iron oxide [14], [15].

The objectives of this research include performing
failure analysis of the 9-tyne cultivators, conducting Finite
Element Method (FEM) analysis to evaluate their structural
integrity and stress distribution, analyzing the performance
and failure mechanisms of the cultivators under different soil
types, identifying factors contributing to cultivator failures,
providing recommendations for design improvements, and
contributing to the understanding of cultivator failures and
their relationship with soil characteristics.

By addressing these objectives, this research aims to
enhance agricultural practices and equipment design,
ultimately benefiting farmers and agricultural practitioners in
optimizing the use of 9-tyne cultivators and mitigating the
risks associated with soil-specific failures.

Il. METHODS AND MATERIALS

The present work focuses on the formulation and analysis of
cultivator performance in three distinct soil types: black soil,
red soil, and laterite soil. To accurately measure the soil
pressure exerted by each soil type, a specialized soil pressure
measuring device is employed (Figure 1). Additionally, the
cultivator blade is constructed using EN45 Spring steel, a
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durable material known for its strength and resilience. The
mechanical properties of EN45 steel is provided in Table 1.
Through the application of forces on the blade, the study aims
to calculate the corresponding stresses and deformations.

o~

working
Sr. Properties Value
No.
1 Density (e) 7850 kg/m3
. 204 x 10”3
2 Young's Modulus (E) MPa
3 Poisson's Ratio (I1) 0.3
4 Yield Tensile Strength 680 MPa
5 Yield Compressive Strength 680 MPa
6 Ultimate Tensile Strength 1100 MPa
7 Ultimate Compressive 1100 MPa
Strength

Table 1: Mechanical properties of EN45 steel:

For each soil type, the soil resisting force is
calculated by considering the force applied by one tyne of the
cultivator. The pulling force of the tractor remains constant at
24326.08 N. The calculated soil resisting forces for black
cotton soil, red soil, and laterite soil are 17.85 N, 19.42 N, and
19.95 N, respectively. Using the area of the cultivator, which
is 525 cm2, the soil pressure exerted on the cultivator is
determined. The soil pressures for black cotton soil, red soil,
and laterite soil are 0.034 N/cm?, 0.037 N/cm?, and 0.038
N/cm2, respectively.

Figure 4.2 showcases the CAD model of a cultivator
and tyne. The CAD model offers a detailed representation of
the tyne. The model provides a three-dimensional depiction
of the tyne's geometry, dimensions, and features. It exhibits
the specific design elements and characteristics of the tyne,
allowing for a visual understanding of its shape, structure, and
functionality.

ol

Fig. 2: (a) CAD model of cultivator and (b) tyne

In this study, a static analysis is conducted on the
tyne using Ansys Workbench. The static analysis aims to
assess the structural behavior and performance of the tyne
under various loading conditions. The CAD model of the tyne
undergoes meshing (Figure 3) or discretization using
tetrahedral elements. The tetrahedral elements are chosen to
divide the tyne geometry into smaller, three-dimensional

elements that accurately represent the shape and features of
the model. Upon completion of the meshing process, the
resulting mesh consists of 24,789 nodes, which are points in
space where the model is divided, and 14,496 tetrahedral
elements. Boundary conditions are applied to the tyne model
in the static analysis to simulate the real-world operating
conditions and constrain the behavior of the structure.
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Fig. 3: (a) Meshing of tyne, (b) application of boundary
conditions

I11. RESULT AND DISCUSSION

This study explores the analysis of a tyne under different soil
conditions, including black soil, red soil, and laterite soil,
while considering variations in the tyne angle at 45, 50, and
55 degrees. The study involves characterizing the mechanical
properties of each soil type and creating separate finite
element models for the tyne at different angles. Loading
conditions are defined based on the specific soil types,
incorporating vertical and lateral forces. Contact and
frictional models account for the soil-tool interaction. The
analysis reveals variations in stress distribution, deformation,
and critical points within the tyne for different soil conditions
and tyne angles.

In the analysis of the tyne at a 45-degree angle for
black soil, the maximum total deformation observed is 0.7906
mm. This indicates the amount of displacement or

deformation experienced by the tyne under the applied
loading conditions. Additionally, the maximum equivalent
stress recorded in the tyne is 436.2 MPa. The equivalent stress
represents the stress level that would cause the same level of
damage or failure as the actual stress distribution in the tyne.
The analysis is shown in Figure 4 and Figure 5.
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Fig. 4: Total deformation in tyne at 450 under black soil
condition
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Fig. 5: Equivalent stress in tyne at 450 under black soil
condition

In the analysis of the tyne at a 45-degree angle for
red soil, the maximum total deformation observed is 0.79106
mm. This value represents the displacement or deformation
experienced by the tyne under the applied loading conditions
specific to the red soil. Additionally, the maximum equivalent
stress recorded in the tyne is 436.45 MPa. The results are
shown in Figure 6 and 7.
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Fig. 6: Total deformation of tyne under red soil condition
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Fig. 7: Equivalent stress in tyne under red soil condition

The analysis of the tyne at a 45-degree angle in
laterite soil reveals important findings. The maximum total
deformation observed is 0.79121 mm, indicating the degree
of displacement and deformation experienced by the tyne
under the specific loading conditions of laterite soil.
Additionally, the maximum equivalent stress recorded in the
tyne is 436.45 MPa, representing the stress level that would
result in equivalent damage or failure as the actual stress
distribution within the tyne. The results are shown in Figure
8 and 9.
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Figure 8: Total deformation in tyne under laterite soil
condition
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Figure 9: Equivalent stresses in tyne under laterite soil
condition
Similarly the analysis of blade at 50 and 55 is carried out in
Ansys software and the results are presented in Table 2.
Table 2: Summary of the analysis results

Sr. TYne | Eorce Total Equivale
No | TYpe | angle _

O | ofsoil | (Degree | ON | deformati | ntstress

5) tyne | on(mm) | (MPa)

45 0.7906 436.2

! legﬁk 20 212,3'7 095042 | 524.38

55 1.0521 580.49

45 0.79106 | 436.45

2 ?fﬁ 50 2712,%3 0.95088 | 524.63

55 1.0526 580.74

i 45 0.79121 | 436.53

3 t:a;ﬁ:: 50 212,%'8 0.95103 | 524.71

55 1.0527 580.83

IV. CONCLUSION

In conclusion, this paper aimed to analyze the tyne of a
cultivator using Ansys software. The analysis encompassed
three distinct soil conditions and three different angles of the
tyne. The forces exerted on the tyne were computed for each
soil condition. Utilizing these calculated forces, the total
deformation and equivalent stresses on the tyne were
determined for the varying soil conditions and blade angles.
The findings indicate that, in the case of black soil, the
minimum total deformation and equivalent stress were
observed at a 45-degree blade angle. Similarly, for both red
and laterite soil conditions, the minimum total deformation
and equivalent stress were observed at a 45-degree blade
angle. These results provide valuable insights for optimizing
the design and performance of the tyne in agricultural
applications under different soil conditions and blade angles.
Future studies may focus on additional parameters to further
enhance the efficiency and durability of the cultivator's tyne.
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