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In this study, static stress-deformation analyzes (in terms of material strengths) were
presented comparatively through a FEM-based simulation of the subsoiler and paraplow
legs designed in a three-dimensional CAD environment. In general, both soil tillage
implements with high energy requirements are being used to remove the soil compaction
problem on agricultural land. The operating conditions of the implements were simulated
using a FEM-based simulation program (Ansys-16). The results of static analysis
obtained from the Finite Element Method (FEM) were evaluated on some different
materials used in the shank design of both implements and the results were given
comparatively. According to the analysis results, the maximum equivalent stress was in
paraplow shank foot 122 MPa which is used C-60 material and the maximum vertical dis-
placement is 0,00014 mm in the position of shank foot of subsoiler
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Bu calismada, {i¢ boyutlu bir CAD ortaminda tasarimi gergeklestirilmis dipkazan ve
sekilsiz pulluk ayaklarinin, FEM temelli bir simiilasyon araciligiyla statik gerilme-
deformasyon analizleri (6zellikle mekaniksel dayanimlar agisindan) karsilastirmali olarak
verilmeye calisilmistir. Genel olarak, yiiksek enerji gereksinimi olan her iki toprak isleme
aleti de tarimsal iiretim yapilan topraklardaki sikisma probleminin ortadan kaldirilmasi
amactyla kullanilmaktadir. Toprak isleme aletlerinin ¢alisma kosullari, FEM tabanli bir
simiilasyon programi (Ansys-16) kullanilarak olusturulmustur. Elde edilen statik analiz
sonuglari, her iki aletin ayak tasariminda kullanilan bazi farkli malzemeler iizerinden
degerlendirilmis ve sonuglar karsilastirmali olarak verilmeye caligilmistir. Analiz
sonuglarina gore; maksimum esdeger gerilme 122 MPa ile C-60 malzemeden tasarlanmis
paraplow ayaginda ve maksimum diisey yerdegistirme ise 0.00014 mm ile dipkazan
ayagida gerceklesmistir.
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Introduction

With increasing technological development, the
processing capacities of machines and implements used in
agricultural production have been increased. The increase
in the weights of these machines and implements,
especially when working in extreme moisture conditions,
can have some negative consequences that restrict
production (Topakct et al., 2010). One of the negative
effects of the force applied to the soil as a result of this
weight increase is the soil compaction. Soil compaction is
basically the reduction in volume of a given mass of soil
(Pinar, 2008). It is commonly defined as an increase soil
bulk density; closing packing of soil particles, and
reduced pore size, especially the proportion of large pores
(Canillas and Salokhe, 2002 Hassan, 2007, Celik and
Raper, 2012 and Ahmadi, 2016). In compacted soils, plant
root length is reduced and the root system develops
superficially (Nevens and Reheul, 2003). Furthermore,
soil compaction reduces water uptake and decreases
infiltration and storage of water in soil (Ghosh et al.,
2006).

Mainly, there are few different compaction types such
as soil crust, surface compaction, plough pan (hard pan)
and deep soil compaction. The plough pan which is one of
these, frequently referred to as a pan, is usually relatively
strong and more compact (Spoor et al., 2003).

One useful method to avoid negative effects of
plowpan in agricultural fields is deep tillage using a
subsoiler (Topakce et al., 2010) which is a tillage tool that
can work up to depths of 250-600 mm under the surface
(Celik and Raper, 2012). Subsoiling equipment takes a
variety of forms, with differences in shape and
arrangement on a tool frame. The shape and size of a
subsoiler has important effects on soil disruption and draft
requirement (Celik and Raper, 2016). To rehabilitate
compacted fields, farmers commonly use subsoilers to
break and shatter compacted layers (Ahmadi, 2016).
There are a number of different subsoilers available in
agriculturel market for loosening soil. Alternatively
subsoilers can have a bent-leg (Paraplow) design (Figure
1). These subsoilers have a reduced draft requirement and
less surface disruption compared with conventional
(Smith and Williford, 1988) and straight leg subsoiler
(Raper, 2005). The proportion of soil that is loosened is
also greater with this type of subsoiler (Raper, 2007).

Computer integrated design software helps in
development of complete system design processes,
especially the use of three dimensional (3D) solid
modelling and finite element analysis (FEA) applications
(Topakei et al., 2010). Also, such techniques can be used
to obtain information about the failure zone, field of
stress, soil deformation, acting forces, etc. for any
condition of soil (Armin et al., 2014). With the
development of finite element technology, the finite
element method has been used as an effective method on
studying tillage implement (Ma et al., 2016).

The present study focused on the comparison of
structural analysis between subsoiler and paraplow shank
using FEM. This comparison was made on 2 different
materials used for both shanks.

The Establishment of The Shanks

In both tool designs, the tools are designed to have a
single shank. The subsoiler and paraplow consists of three
parts: the shank hand, the shank and the foot of shank.
The shank hand is used to fix the subsoiler on the rack.
Working depth of shanks was selected as 400 mm. The
dimensions of shanks (Figure 2) and related parameters
and values of the shanks designed for this study are given
in Table 1.

Figure 1 General view of paraplow

The Boundary Conditions and The Load

At the determination of thedraft force applied to the
tines, the data obtained from the field study performed by
the Topaker et all. 2010. were used. According to this
study, the soil structure comprised of sand (15%), clay
(30%) and silt (55%). Average moisture content of the
soil was 4.5% (d.b.) for dry condition. The maximum
draft force value was determined as 32.01 kN. In the
comparison of static analysis results of the feet, this value
was used in terms of the fact that the applied force value
is true. “Fixed support” method was used to fix two
surfaces which contact with frame and use the
“Frictionless support” method to fix locating holes on the
shanks. The load using “Force” method is applied to
shanks. A load of 30000 N was applied in the z direction
for subsoiler and y direction for paraplow to the surface of
the tools in the 400 mm loosening depth to be operated
under the soil, as is shown in Figure 3.

Finite Element Analysis of Subsoiler and Paraplow

Material Properties

Based on the geometrical configuration of the
designed shanks two different types of material were
selected. When these materials were selected, it was tried
to take into consideration the facilities of the materials in
the market. Material properties used in the analysis are
presented in Table 2.
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Table 1 Constant values considered as input parameters for the model developed in the present study

Parameter symbol N Value

Parameters Definition Subsoiler Paraplow
w Foot width of the subsoiler 70 mm 50 mm
b Thickness of the subsoiler shank 30 mm 30 mm
t Width of the subsoiler shank 150 mm 250 mm
N Number of subsoiler shanks 1 1
d Angle of toe 15 30
| Total lenght of the subsoiler 775 mm 730 mm
z Height of subsoiler foot 45 mm 78 mm
f Lenght of subsoiler foot 320 mm 390 mm
h Working depth 400 mm 400 mm

b

R

(b)

Figure 2 Subsoiler (a) and paraplow (b) dimensions
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Figure 3 Boundary constraint of shanks
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Table 2 Material properties

Properties Materials
St 52 C60 stell
Young’s module (GPa) 205 193
Poisson’s ratio 0.29 0.27
Yield strength (MPa) 355 490
Density (kg/m?) 7870 7850
Ultimate tensile strength ( MPa) 520 875

= e——

Figure 4 Meshing of shanks
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Figure 5 Total deformation and Equivalent (von-Mises) Stress of subsoiler and paraplow shanks for St-52
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Figure 6 Total deformation and Equivalent (von-Mises) Stress of subsoiler and paraplow shanks for C-60

Meshing

Meshes which are achieved with high-automated
networking environment used in the model are sparseness
and non-uniformity. The numbers of the nodes and
elements belonging to the subsoiler shank and paraplow
shank were 9300 and 3751 respectively (Figure 4).
Altough solving the fine mesh took longer time, the
results were more accurate.

Resistance Evaluation of Shanks

After the setup of material definition, working
conditions were set up in the FEM software taking into
account of the actual values obtained by the Topakci at al.
2010 to simulate the act of the subsoiler and paraplow
shanks under maximum draft force on tillage. The draft
force (30 kN) was applied in the opposite direction of
forward direction. After running the FEM process in
ANSYS 16 Work Bench, stress distributions were
obtained on the construction of the shanks of subsoiler
and paraplow. The stress solutions of shanks according to
the different materials are given separately in Figures 5
and Figure 6.

In the solutions of the designs using St-52 material,
the biggest total deformation occurred as 0,00010 mm in
the subsoiler especially in front of the subsoiler foot.
Based on evalution of maximum stress, it is seen that the
greatest von mises value was realized as 121 MPa in

praplow foot. The yield strength of St-52 was 355 Mpa.
The operating requirements of structural strength can be
met and it had an enough safety coefficient. When ¢-60
material was examined in a similar way, It is seen that the
total deformation was realized in the subsoiler foot with
0,00014 mm. It is also seen that the von mises value for
the C-60 material was 122 MPa, which is very close to the
resolution for the same St-52 material.

Results and Conclusion

This study focused on the deformation and stress
distribution of subsoiler and paraplow shanks design
manufactured from two different materials by means of
CAD and FEM applications.

A subsoiler and paraplow which had a single shank
were used in the case study.

According to results of the analysis, maximum draft
force of the tools was choosen as 30 kN from the
literature. The designs were drawn in the SolidWorks
environment and the static analyzes were performed in the
ANSYS 16.

According to result of the analysis, the maximum
equivalent stress was in paraplow shank foot was 122
MPa, which is used c-60 material and the maximum
vertical dis-placement was 0,00014 mm in the position of
shank foot of subsoiler. The equivalent stress values of
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the design of both tools were realized below the yield
strength values (355 MPa for st-52 and 490 MPa for c-60)
of the selected materials.

In such a case, the material which is cheaper in the
market for the construction of the tools may be selected
for production purposes. In addition, an optimization
study can be performed for future work. Thus, it is
possible to work on saving the materials by lightening
them.
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