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ABSTRACT 
 
Technologies and computer programs available today provide us with design programs and 
analytical techniques for solving complex problems in the different engineering disciplines. These 
technologies and programs have also found their significance in agricultural research. Computer-
aided mathematical modelling was used for carrying out the design optimization of a straight 
subsoiler. At the initial stage, the static structural analysis under static loading conditions was 
performed. Details on the material and dimensions for the subsoiler were acquired from the 
manufacturer at the regional level. The existing subsoiler was then optimized for shank thickness, 
curve length, and shank width. Optimization was carried out for the objectives seeking minimum 
solid mass and maximum safety factor. The optimized design obtained was remodeled, and its static 
analysis performed. Results of the stresses, deformation, and safety factor before and after 
optimization were compared, and the conclusions drawn. The static structural analysis revealed that 
before optimization, the subsoiler mass was 24.54 kg, and the volume was 3117701.77 mm

3
. The 

maximum total deformation was 4.959 mm, maximum equivalent stress was 270.09 MPa, and the 
maximum principal stress was 295.06 MPa.  The minimum value for the safety factor was 1.296. 
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Parametric correlation of the input and output parameters showed that the relationship among two 
input parameters viz. shank thickness, shank width, and output parameters was strong. These input 
parameters were used for response surface generation and design optimization. Optimization 
reduced both the subsoiler mass and volume by 14.86 %. The maximum equivalent stress and 
maximum principal stress reduced by 4.10% and 5.39%, respectively, while the total deformation, 
minimum safety factor, and maximum working life increased by 7.15%, 4.28%, and 14.26%, 
respectively. 

 
 

Keywords: Subsoiler; computer-aided design; finite element method; structural optimization; 
agricultural machinery design; straight subsoiler. 

 

1. INTRODUCTION 
 

Crops cultivated within controlled conditions 
require a certain number of critical factors 
concerning the soil structure, including adequate 
space for root growth, a sufficient amount of 
organic matter distribution, and plenty of water 
permeability. Therefore, the soil is required to be 
well prepared for the crops by tillage before 
seeding. However, each year, the soil in 
agricultural areas gets more compacted (around 
250 mm) because of the repetition of tillage 
practices and traffic movement in the field [1]. 
Soil compaction leads to denser soil, small-sized 
pores, and increased soil strength [2,3]. As a 
result, root emergence along with the air and 
water movement inside the soil is restricted, and 
eventually, the yield is lowered [4,5].  
 

One of the useful approaches for avoiding the 
adverse effects of soil compaction in agricultural 
regions is the subsoiling operation [6,7]. 
Subsoiling can help alleviate the complications 
created by soil compaction by reducing the soil 
strength and improving the conditions for better 
crop production [8,9]. Subsoiling is carried out by 
equipment known as a subsoiler. The subsoiler’s 
working principle is similar to that of a chisel 
plow, but its construction is heavier and rigid as it 
is required to operate at depths of about 90 cm 
for breaking up the deep soil layers. Subsoiling is 
a very heavy-duty operation and requires a high 
draft and mechanical energy [10,11]. Subsoilers 
are typically manufactured as steel structures 
comprising the main framework, narrow share, 
and support parts. During its working, various 
reaction forces from the soil act on the subsoiler 
because of the deep tillage operation [12]. If the 
subsoiler construction cannot compensate for the 
soil’s reaction forces, the subsoiler elements get 
deformed. These deformations can further 
contribute to machinery failure during operation 
[13]. 
 

Therefore, the effect of different forces and the 
resulting stress distribution must be determined 

precisely to prevent the subsoilers breakdown 
during operation. Such information is of utmost 
importance for the machine designer and 
manufacturers. The machine manufacturer uses 
specific materials only during the manufacturing 
process to reduce possible errors and 
corresponding failures. These materials have 
high safety coefficients or higher component 
weights. However, the selection of such 
materials renders the equipment safe but results 
in higher overall weights and high production 
costs. Several working designs could be satisfied 
within the operating conditions, but the goal is to 
obtain an optimum design. Using optimization 
techniques is thus an essential application for the 
machine industries [14]. The software-based 
integrated numerical methods and optimization 
techniques have been used for machine design 
procedures since the 1960s. Keeping in focus 
the system for machine optimization, the 
structural optimization of the machine becomes a 
necessity. Structural optimization aims to obtain 
an optimum structural framework using the 
geometric, material, and topological parameters 
[15,16]. 
 
Developing a global model is impractical due to 
the complex conditions of the operating 
environment. Jayasurya and Salokhe (2001) [17] 
recommended applying computer-aided 
modeling for setting up supporting databases for 
the model specifications to employ them for 
specific conditions or machinery design. 
Computer-aided design programs help set up a 
complete system of design processes, 
particularly the three-dimensional modeling (3D) 
and finite element analysis (FEA) programs 
[18,19].  Applying these methods for designing 
agricultural machines is inevitable nowadays 
[20,21]. 
 
The current study was undertaken, keeping in 
view the optimization of an existing tillage tool. 
The 3D modeling, FEA, and structural analysis 
for a straight subsoiler manufactured by a local 



manufacturer were performed. The study aimed 
to obtain the optimum design parameters of the 
subsoiler system with minimum weight. 
Advanced computer-aided modeling (CAM) 
techniques were utilized for achieving the goals 
of the study within the defined objective functions 
and design constraints.  
 
2. METHODOLOGY 
 
The 3D model of the subsoiler was first created 
using SolidWorks software. The model was 
attached to the ANSYS analysis system, and its 
structural analysis was performed. Design 
optimization was followed under the cond
fixed boundary. Optimization for three 
parameters – shank thickness, curve length, and 
shank width was carried out. Details on the 
material and dimensions for the subsoiler were 
acquired from the manufacturer at the regional 
level. The obtained optimized design was 
remodeled, and static structural analysis 
performed. Results before and after optimization 
were compared, and the conclusions drawn. 
 
2.1 Model Building  
 
A 3D solid model for the subsoiler was created 
using SolidWorks 2016 software. 
feature-based, history-based, associative, 
parametric 3D CAD program. It is used for 
mechanical design automation applications. 
SolidWorks models comprise 3D geometries 
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to obtain the optimum design parameters of the 
subsoiler system with minimum weight. 

aided modeling (CAM) 
techniques were utilized for achieving the goals 
of the study within the defined objective functions 

The 3D model of the subsoiler was first created 
using SolidWorks software. The model was 
attached to the ANSYS analysis system, and its 
structural analysis was performed. Design 
optimization was followed under the conditions of 
fixed boundary. Optimization for three 

shank thickness, curve length, and 
shank width was carried out. Details on the 
material and dimensions for the subsoiler were 
acquired from the manufacturer at the regional 

ptimized design was 
remodeled, and static structural analysis 
performed. Results before and after optimization 
were compared, and the conclusions drawn.  

A 3D solid model for the subsoiler was created 
using SolidWorks 2016 software. SolidWorks is a 

based, associative, 
parametric 3D CAD program. It is used for 
mechanical design automation applications. 
SolidWorks models comprise 3D geometries 

specifying the edges, faces, and surfaces. The 
model was first made as a 2D sketch and then 
converted to a 3D model in SolidWorks. Also, the 
parameters for optimization were given different 
names to import them into ANSYS Workbench. 
The parameter names have a prefix “DS_” as 
ANSYS recognizes parameters with specific 
prefixes only [22]. If the prefix is no
ANSYS does not import the same.
 
2.2 Static Structural Analysis
 
Static structural analysis and optimization were 
carried out in the ANSYS Workbench. The 
structural analysis defines the displacements, 
forces, stresses, and strains in the struct
3D model generated from SolidWorks was 
imported to ANSYS and the materia
applied. The material for the subsoiler was hot
rolled structural steel [24]. The meshing 
followed this. ANSYS meshing functions were 
utilized to generate a fine mesh of element size 
of 5 mm to obtain a quantitative analysis of 
higher accuracy (Fig. 1.). In the meshing 
process, the geometry is discretized spatially into 
smaller elements and nodes 
represents the mass distribution and st
the structure mathematically 
 
The application of boundary conditions followed 
the meshing process. Boundary conditions are 
usually termed supports or loads. They restrict 
the model by applying forces or rotations or by

 

Fig. 1. Meshed straight subsoiler 
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specifying the edges, faces, and surfaces. The 
a 2D sketch and then 

converted to a 3D model in SolidWorks. Also, the 
parameters for optimization were given different 
names to import them into ANSYS Workbench. 
The parameter names have a prefix “DS_” as 
ANSYS recognizes parameters with specific 

. If the prefix is not provided, 
ANSYS does not import the same. 

2.2 Static Structural Analysis 

Static structural analysis and optimization were 
carried out in the ANSYS Workbench. The 
structural analysis defines the displacements, 
forces, stresses, and strains in the structure [23]. 
3D model generated from SolidWorks was 
imported to ANSYS and the material properties 
applied. The material for the subsoiler was hot-

. The meshing process 
followed this. ANSYS meshing functions were 
utilized to generate a fine mesh of element size 
of 5 mm to obtain a quantitative analysis of 
higher accuracy (Fig. 1.). In the meshing 
process, the geometry is discretized spatially into 

and nodes [25]. This meshing 
represents the mass distribution and stiffness of 
the structure mathematically [26]. 

The application of boundary conditions followed 
the meshing process. Boundary conditions are 
usually termed supports or loads. They restrict 
the model by applying forces or rotations or by
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securing the model to prevent its deformation 
[27]. The holes of the shank ( 
Fig.2.) that provide the facility of connecting the 
shank to the subsoiler frame were chosen as one 
boundary condition. The other boundary 
condition was the force on the subsoiler 
reversible blades ( 
Fig.3.). The force was taken as 7857 N [28].  
 

After defining the boundary conditions, the 
simulation was carried out. The parameters 
selected for the simulation were Total 
Deformation, Equivalent stress, Maximum 
Principal Stress, and Factor of Safety. At this 
step, ANSYS passes its data to the solver, 
depending on the analysis type. The results 
obtained were exported along with the                
inputs as a set of parameters for further  
analysis. 
 

The parametric set consists of different 
parameters. Parameters can be input or output 
parameters with their values numeric, non-
numeric, or Boolean, connected to an 
application’s data property models. The 
thickness of shank (P1), length of a curve (P2), 

and width of shank (P3) were the input 
parameters; and the parabolic subsoiler mass 
(P4), total deformation (P5), equivalent stress 
(P6), maximum principal stress (P7), safety 
factor (P8) and parabolic subsoiler volume (P9) 
were the output parameters. 
 
2.3 Optimization 
 
Optimization is defined as obtaining the solution 
for one variable that acts as a constraint for a set 
of variables that are the minimized functions of 
an objective function [13]. Structural optimization 
problems can be classified based upon the 
structure type, the structural variable design type, 
and the type of structural behavior. Structural 
optimization problems are primarily of three 
different classes, i.e., shape, sizing (mass), and 
topology, which depend on the structure type to 
be optimized [29]. The present study was 
devoted to the subsoiler’s size optimization.  This 
means that the mass must be minimum while 
restricting different stresses below the materials 
yield point. 

 

 
 

Fig. 2. Fixed support condition for the Straight subsoiler 
 

 
 

Fig. 3. Force condition for the Straight subsoiler 



Fig. 4. Design parameters of the Straight subsoiler
 
For reducing the stress concentrations on the 
subsoiler shank, design enhancements of the 
shank have been suggested, limited to only three 
geometrical parameters – P1, P2, and P3. 
output parameters included P4, P5, P6, P7, P8, 
and P9. The design constraints for the different 
design parameters were determi
“What-if” analysis using ANSYS and are as 
follows: 
 

P1:   20 mm    ≤ P1   ≤   25 mm
P2: 110 mm   ≤ P2   ≤ 130 mm
P3:   70 mm    ≤ P3   ≤   90 mm

 
The ANSYS optimization module was employed 
in the optimization process. Optimization consists 
of three main steps – parametric correlation, 
response surface generation, and goal
optimization. Parametric correlation determines 
the effect of each input parameter on the various 
output parameters. Parametric correlation results 
were further used for the response surface 
system, including the design of experiments and 
 

Table 

Name Objective

 Type

Minimize P4; P4<=24.54 kg Minimize

Maximize P8; P8>=1.295 Maximize
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Fig. 4. Design parameters of the Straight subsoiler 

For reducing the stress concentrations on the 
shank, design enhancements of the 

shank have been suggested, limited to only three 
P1, P2, and P3. The 

output parameters included P4, P5, P6, P7, P8, 
and P9. The design constraints for the different 
design parameters were determined from the 

if” analysis using ANSYS and are as 

≤ P1   ≤   25 mm 
≤ P2   ≤ 130 mm 
≤ P3   ≤   90 mm 

The ANSYS optimization module was employed 
in the optimization process. Optimization consists 

parametric correlation, 
response surface generation, and goal-driven 
optimization. Parametric correlation determines 
the effect of each input parameter on the various 
output parameters. Parametric correlation results 

r the response surface 
system, including the design of experiments and 

response surface generation. The Design of 
Experiments (DOE) is a method used to find the 
position of sampling points. In the DOE, the 
highest correlation parameters were selected as 
the input parameters and the design points 
generated. The output of DOE is used for the 
generation of response surfaces.  The response 
surfaces are functions of a distinct nature where 
the input parameters define the output 
parameters; developed from the DOE
response surfaces are created, it is possible to 
create and manage response points and charts 
[30]. 
 
Response surface generation was followed by 
Goal-Driven Optimization (GDO). GDO can be 
used to specify a sequence of design goals to 
produce an optimized design. One thousand 
sampling points were generated and organized 
to seek minimum solid mass and maximum 
safety factor (Table 1) [31]
point corresponding to the optimal geometry was 
generated. 

Table 1. Objectives and constraints definitions 
 

Objective Constraint 

Type Type Lower bound

Minimize Values<=Upper Bound  

Maximize Values>=Lower Bound 1.295 
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highest correlation parameters were selected as 

e input parameters and the design points 
generated. The output of DOE is used for the 
generation of response surfaces.  The response 
surfaces are functions of a distinct nature where 
the input parameters define the output 
parameters; developed from the DOE. Once 
response surfaces are created, it is possible to 
create and manage response points and charts 

Response surface generation was followed by 
Driven Optimization (GDO). GDO can be 

pecify a sequence of design goals to 
produce an optimized design. One thousand 
sampling points were generated and organized 
to seek minimum solid mass and maximum 

[31]. A targeted design 
point corresponding to the optimal geometry was 

Lower bound Upper bound 

24.54 

 



 
2.4 Comparison  
 
The target design geometry obtained post
optimization was used to generate the optimized 
design. 3D model of the subsoiler
using the post-optimization design parameters 
and re-analyzed using ANSYS software. Results 
of the stresses, deformation, and safety factor 
before and after optimization were compared, 
and the conclusions drawn. 
 
3. RESULTS AND DISCUSSION

 

3.1 Model Building 
 
The 2D and 3D geometric views of the subsoiler 
are shown in Fig. 5. 
 
 

Fig. 5. Different views of the subsoiler
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The target design geometry obtained post-
optimization was used to generate the optimized 
design. 3D model of the subsoiler was created 

optimization design parameters 
analyzed using ANSYS software. Results 

of the stresses, deformation, and safety factor 
before and after optimization were compared, 

SSION 

The 2D and 3D geometric views of the subsoiler 

3.2 Static Structural Analysis
 
Meshing the subsoiler produced 51247 nodes 
and 27135 elements. The total mass and volume 
were determined as 24.54 kg and 3117701.77 
mm

3
, respectively. The stresses, deformation, 

and safety factor from the structural analysis are 
given in Table 2. 
 

Table 2. Output parameters from the 
structural analysis

 

Particulars 
Total Deformation (maximum)
Equivalent Stress (maximum)
Maximum Principal Stress 
(maximum) 
Safety Factor (minimum) 

 
Fig. 5. Different views of the subsoiler 
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3.2 Static Structural Analysis 

Meshing the subsoiler produced 51247 nodes 
and 27135 elements. The total mass and volume 
were determined as 24.54 kg and 3117701.77 

, respectively. The stresses, deformation, 
and safety factor from the structural analysis are 

Output parameters from the 
structural analysis 

Minimum 
Total Deformation (maximum) 4.959 mm 
Equivalent Stress (maximum) 270.090 MPa 

295.060 MPa 

1.296  

 



The maximum equivalent stress was lower than 
the material’s yield stress (350 MPa), indicating 
that the design was safe.  The results of the 
structural analysis are shown in Fig. 6.
 
3.3 Optimization 
 
Results of the parametric correlation revealed 
that input parameters P1 and P3 impact the 
output parameters significantly, while the impact 
of input parameter P2 was negligible. 
Table 3 shows the correlation of the input 
parameters with the output parameters obtained 
from DesignXplorer. P1 and P3 are termed as 
major input parameters with the best correlation 
values of 0.794 and -0.749 and R
 

Fig. 6. Total deformation, equivalent stress, maximum principal stress and safety factor of the 
straight subsoiler obtained from the structural analysis

 
Table 3. Correlation between input and output parameters

 
 P4 P5

P1 0.794 -0.363

P2 0.044 -0.039

P3 0.460 -0.749
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The maximum equivalent stress was lower than 
the material’s yield stress (350 MPa), indicating 
that the design was safe.  The results of the 
structural analysis are shown in Fig. 6. 

Results of the parametric correlation revealed 
that input parameters P1 and P3 impact the 
output parameters significantly, while the impact 
of input parameter P2 was negligible.  

shows the correlation of the input 
parameters with the output parameters obtained 
from DesignXplorer. P1 and P3 are termed as 
major input parameters with the best correlation 

0.749 and R
2
 values of 

0.6304 and -0.5610 with P4 and P5. P2 is termed 
as a minor input parameter as the best 
correlation, and R

2
 values are very low. P1 and 

P3 were chosen for further analysis, and P2 was 
ignored as it had a negligible effect on the o
parameters. 
 
In the Response Surface System, nine design 
points were generated according to the design 
module’s design constraints. Results for all the 
output parameters of the subsoiler are included 
in the output from the DOE. 
various design sets and the variations in the 
output parameters due to variations in the input 
parameters.  

 
Total deformation, equivalent stress, maximum principal stress and safety factor of the 

straight subsoiler obtained from the structural analysis 

. Correlation between input and output parameters

P5 P6 P7 P8 

0.363 -0.609 -0.392 0.606

0.039 -0.123 -0.004 0.134

0.749 -0.650 -0.753 0.699
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values are very low. P1 and 
P3 were chosen for further analysis, and P2 was 
ignored as it had a negligible effect on the output 

In the Response Surface System, nine design 
points were generated according to the design 
module’s design constraints. Results for all the 
output parameters of the subsoiler are included 
in the output from the DOE. Table 4 shows the 
various design sets and the variations in the 
output parameters due to variations in the input 

 

Total deformation, equivalent stress, maximum principal stress and safety factor of the 
 

. Correlation between input and output parameters 

P9 

0.606 0.794 

0.134 0.044 

0.699 0.460 
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Table 4. Design points and the corresponding output parameters obtained from the design of 
experiments 

 
Points name Update order P1  P3 P4 P5 P6 P7 P8 P9 
1 5 22.50 80.00 20.26 3.98 249.46 279.47 1.40 2.57 
2 2 20.00 80.00 18.33 4.45 266.59 300.02 1.31 2.33 
3 8 25.00 80.00 24.54 4.96 270.09 295.06 1.30 3.12 
4 4 22.50 70.00 19.14 5.15 315.86 332.84 1.11 2.43 
5 6 22.50 90.00 21.37 3.22 245.86 280.62 1.42 2.72 
6 1 20.00 70.00 17.34 5.77 354.88 375.28 0.99 2.20 
7 7 25.00 70.00 20.95 4.66 311.06 325.73 1.13 2.66 
8 3 20.00 90.00 19.32 3.61 268.16 287.87 1.31 2.45 
9 9 25.00 90.00 23.43 2.91 226.28 255.05 1.55 2.98 

 
Results from the Design of Experiments were 
used to generate Response surfaces both in 2D 
and 3D. Response surfaces showed that the 
straight subsoiler mass and volume increased 
with an increase in both the input parameters. 
The total maximum principal stress decreased as 
a result of the increase in the input parameters. 
The total deformation and equivalent stress 
decreased with the increase of P3, but the effect 
of P1 remained quite negligible. The safety factor 
increased with the increase of P3 but remained 
unaffected by the increase of P1. Results of the 
Response Surface System were further used in 
the optimization process. The results are 
generated as tradeoff charts and candidate 
points. The tradeoff charts between the input and 
output parameters are shown in Fig. 7. 
 

The tradeoff charts revealed that the lowest 
safety factor value was 1.30, which corresponds 
to the initial design. It was noticed that the soil 
mass at this safety factor was 18.80 kg in 
comparison to the initial mass of 24.54 kg.  This 
shows that the initial design was 5.74 kg 
(23.39%) overweight. The parameters P1 and P3 
at this point were 20.19 mm and 77.83 mm, 
respectively. Raising the safety factor value to 
1.40, the mass was 19.08 kg, 22.25% less than 
the initial design. The input parameters P1 and 
P3 were obtained as 20.058 mm and 86.26 mm, 
respectively.  

The candidate points post-optimization are 
shown in Fig. 8. Each candidate point shows the 
input parameters and the corresponding output 
parameters. Candidate point 3 was the optimal 
choice among a set of one thousand sample 
points. Data from candidate point 3 was verified 
to check the solid model’s suitability, and ANSYS 
simulation performed for agreement with the 
operating conditions. The optimized design 
parameters are listed in Table 5, and the final 
optimized design is shown in Fig. 9. 
 

3.4 Comparison 
 
A comparison of the subsoiler design with 
respect to both the input and output parameters 
was carried out. The changes between the initial 
and final design parameters is shown graphically 
in Fig. 10. The thickness of shank (P1), mass of 
subsoiler (P4), equivalent stress (P6), maximum 
principal stress (P7), and volume (P9) were 
reduced. The width of shank (P3), total 
deformation (P4), safety factor (P8) and 
minimum working life were increased. P1 
reduced from 25 mm to 20 mm, P3 increased 
from 80 mm to 86.26 mm, P4 reduced from 
24.54 kg to 20.89 kg, P5 increased from 4.9586 
mm to 5.3133 mm, P6 reduced from 270.09 MPa 
to 259.02 MPa, P7 reduced from 295.06 MPa to

 
Table 5. Final design parameters for the optimized design 

 
S. no. Parameter Value 
1 P1 – Thickness of Shank (mm) 20.00 
2 P3 – Width of Shank (mm) 86.26 
3 P4 - Straight Subsoiler Mass (kg) 19.08 
4 P5 - Total Deformation (mm) 3.76 
5 P6 - Equivalent Stress (MPa) 250.4 
6 P7 - Maximum Principal Stress (MPa) 293.65 
7 P8 - Safety Factor 1.40 
8 P9 - Straight Subsoiler Volume (mm

3
×10

6
) 2.42 



Fig. 7. Tradeoff charts of the output parameters
 

Fig. 8. Candidate design points obtained after the optimization step
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Fig. 7. Tradeoff charts of the output parameters 

 
Fig. 8. Candidate design points obtained after the optimization step
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Fig. 8. Candidate design points obtained after the optimization step 



Fig. 9. Different views of the optimized subsoiler
 

Fig. 10. Variation in optimized design as compared to the original design
 
279.16 MPa, P8 increased from 1.2958 to 
1.3512, P9 reduced from 3.12×106 mm3 to 
2.65×106 mm3 and the minimum working life 
increased from 9102.4 to 10400 cycles.
 
4. CONCLUSIONS 
 
This study was performed for obtaining the 
optimum geometry parameters for a straight 
subsoiler using the finite analysis method.  The 
3D model was developed using SolidWorks 2016 
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Fig. 9. Different views of the optimized subsoiler 

 
Variation in optimized design as compared to the original design

279.16 MPa, P8 increased from 1.2958 to 
1.3512, P9 reduced from 3.12×106 mm3 to 
2.65×106 mm3 and the minimum working life 
increased from 9102.4 to 10400 cycles. 

This study was performed for obtaining the 
optimum geometry parameters for a straight 
subsoiler using the finite analysis method.  The 
3D model was developed using SolidWorks 2016 

software, and the structural optimization 
performed in the ANSYS software.  Parametric 
correlation of the input and output parameters 
showed a strong relation of two input parameters 
-P1 and P3, with the output parameters. On the 
other hand, the relation between P2 and the 
output parameters was weak. Optimizing the 
straight subsoiler lowered the subsoiler mass 
and total volume by 14.86%. The maximum of 
both the equivalent stress and maximum 
principal stress were reduced by 4.10% and 

 
 
 
 

46, 2020; Article no.CJAST.62159 
 
 

 

 

Variation in optimized design as compared to the original design 

software, and the structural optimization 
S software.  Parametric 

correlation of the input and output parameters 
showed a strong relation of two input parameters 
P1 and P3, with the output parameters. On the 

other hand, the relation between P2 and the 
output parameters was weak. Optimizing the 

raight subsoiler lowered the subsoiler mass 
and total volume by 14.86%. The maximum of 
both the equivalent stress and maximum 
principal stress were reduced by 4.10% and 
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5.39%, respectively, while the total deformation, 
minimum safety factor, and maximum working 
life were raised by 7.15%, 4.28%, and 14.26%, 
respectively. 
 
The reduction in the subsoiler weight is profitable 
as it reduces the total production cost due to 
lesser material use. In addition to this, weight 
reduction also leads to a reduction in energy 
usage during its use as the equivalent energy for 
every kg of the agricultural machines is 
approximately 62.7 megajoules [32,33], and the 
lesser the weight, the lower is the energy 
consumption. Optimizing a machine using 
computer-aided design software thus helps in 
saving production costs by reducing the overuse 
of materials and reducing energy expenditure. 
Therefore, it can be concluded that the 
application of computer-aided design methods 
and optimization techniques, helps resource and 
energy conservation, together with the other 
advantages stated. 
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