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Abstract: This study focuses on the study of soil-tool interaction using the Discrete
Element Modelling (DEM) approach for a basin lister equipped with a watercourse at-
tachment. The aim was to understand and prebict THE Behavior of soil under varying
operating speeds (2 km/h, 3 km/h, and 5 km/h) using Altair EDEM 2025. The basin
lister geometry was modeled using Creo Parametric 11 and imported into the EDEM en-
vironment, where sandy clay loam soil was represented using bonded spherical particles
(3-5 mm radius). The contact interactions were simulated using the Hertz-Mindlin with
bonding model. Key performance indicators such as height and width of cross bunds,
ridges, watercourses, and draft force were recorded. Model validation was carried out
using the angle of repose and inclined plane tests. The simulation trends showed strong
agreement with experimental results, with relative error ranging from 11.11% to 28.16%
across parameters. The study demonstrates the reliability of DEM as a virtual test bench
for tool development and performance optimization in tillage systems.

Keywords: Discrete Element Method (DEM), basin lister, soil-tool interaction,
EDEM Simulation, Watercourse formation, Draft force.

1. INTRODUCTION

Mechanization in agriculture plays a crucial role in improving efficiency, conserving
natural resources, and boosting productivity, especially in semi-arid and rainfed areas.
Implements like basin listers are highly effective in forming rectangular basins and direct-
ing water into controlled channels, thus enhancing in-situ moisture conservation, and re-
ducing soil erosion [1]. Traditional methods of evaluating tillage implements rely on field
experiments, which are time-consuming, expensive, and prone to variability due to soil
and environmental factors. This has led researchers to adopt simulation-based methods,
notably the Discrete Element Method (DEM), to study soil-tool interactions in a virtual
and controlled setting [2]. DEM simulates soil as an assembly of individual particles in-
teracting through defined contact laws. It has been successfully used to investigate forces,
soil movement, and tool performance in various tillage operations such as moldboard
ploughing, chiseling, and subsoiling [3,4]. However, limited studies have explored its ap-
plication to basin listers with integrated watercourse attachments for rectangular basin
formation. This study focuses exclusively on the DEM-based simulation of a basin lister
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using Altair EDEM 2025. The tool geometry was developed in Creo Parametric 11, and
the soil was modeled using bonded spherical particles to replicate the behavior of soil.
Simulations were performed under different operating speeds, and parameters like bund
height and width, ridge formation, watercourse shape, and draft force were analyzed. The
DEM model was validated using angle of repose and inclined plane tests, as suggested by
Obermayr et al. [5], ensuring accurate replication of particle behavior.

2. MATERIALS AND METHODS

2.1. Basin Lister

A tractor-mounted, basin lister with watercourse attachment was used for trials, as
shown in Fig. 1. The implement is designed to form micro-basins across the field for
in-situ water conservation, while the watercourse attachment facilitates surface drainage.
As the implement is pulled by a tractor, the watercourse attachment (ridger) engages
the soil first, creating a shallow furrow that functions as a surface drain. Following this,
the lister unit operates periodically (controlled by the stop and release mechanism) to
form cross bunds by lifting and throwing soil laterally across the furrow. This results in
discrete basins aligned with the furrow, spaced at regular intervals.
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Figure 1 CAD Geometry of Basin Lister with watercourse attachment

Its main components include the main frame, lister unit, stop and release mechanism
for lister unit, watercourse attachment (ridger) and hitch mast. The geometry was mod-
eled in Creo Parametric 11 and exported into EDEM 2025.

2.2. Field conditions

The field soil was sandy clay loam, comprising 61.71% sand, 26.15% clay, and 12.14%
silt. Soil samples were collected from 0-20 cm depth using the core cutter method, yield-
ing an average moisture content (dry basis) of 13.84% and an average bulk density of
1490 kg/m?. Particle size distribution was assessed by passing air-dry soil through sieves
ranging from 0.05 mm to 5 mm, with the highest particle distributions observed for 3 mm
(19.28%) and 5 mm (12.01%) particles.
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2.3. Discrete element modeling (DEM) simulations

The discrete element method (DEM) was employed to study soil-ridger interactions,
with simulations run in Altair EDEM 2025. Computations were performed on a Dell
Laptop with an Intel® Core i5 13th generation CPU @ 3170 GHz, Nvidia RTX 3050 6GB
vRAM GPU and 16 GB of RAM.

2.3.1. Soil modeling

To ensure accurate and reliable simulation outcomes, constructing a representative
soil particle model is crucial. In EDEM, particles are typically represented as spheres by
default. However, using only spherical particles does not fully capture the complexity
of real soil micro-aggregates. Prior research suggests that soil structures can be better
modelled by grouping spherical particles into configurations such as lumps, columns, or
nucleus-like assemblies as shown in Fig. 2. [7-9].

At present, there is no standardized guideline for determining soil particle sizes in dis-
crete element simulations. Consequently, researchers typically select particle dimensions
based on the number of particles required within the simulation domain and the limita-
tions of available computational resources. A range of particle sizes has been employed in
earlier soil-tool interaction studies, with a preference for spherical particles. For example,
Ucgul et al. [10-12] utilized spherical particles with radii ranging from 5 mm to 10 mm
in their analyses.

Sigle apie Dual Sphere Triple Sphere

a. b. C.

Figure 2 Soil particles shapes for soil bin development in EDEM a) Lump, b) Col-
umn, ¢) Nuclei

In this study, spherical particles with radii of 3 mm and 5 mm were used to model
soil. These sizes were chosen considering the simulation domain’s geometry and the
performance constraints of the computing system. A combination of particle shapes and
sizes was incorporated to represent the heterogeneity of soil structure more realistically.
The proportions of the various soil particles used in the simulation are summarized in
Table 1.
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Table 1 Proportion of soil particles used in the simulation

Soil particle Proportion % No. of particles
3 mm single sphere 70.21 3266476

5 mm single sphere 19.84 923482

5 mm double sphere 7.63 355062

5 mm triple sphere 2.3 107339

2.3.2. Model parameters

The accuracy of a Discrete Element Method (DEM) simulation significantly depends
on the selection of an appropriate contact model and the precise definition of DEM pa-
rameters. The contact model governs how particles behave upon interaction, while the
base model describes the mechanics of particle-to-particle and particle-to-geometry col-
lisions. According to Li et al. [13], cohesive interactions—such as liquid bridge bonding
and inter-particle cohesion—play a critical role in influencing tillage resistance and the
degree of soil disturbance. In alignment with their findings, the Hertz-Mindlin contact
model with bonding was used in this study to replicate the cohesive nature of agricultural
soils.

The parameters used in the DEM simulations are summarized in Table 2 and catego-
rized into two groups: material parameters and contact parameters.

Material parameters include:

e  Soil particle density,

e  Poisson’s ratio, and

e Shear modulus, for both the soil and the tool material (mild steel). Soil density
was determined experimentally, while other values—such as the mechanical properties
of mild steel and theoretical values for soil Poisson’s ratio and shear modulus—were ob-
tained from existing literature (Deng et al., 2016). The shear modulus (G) of mild steel
was computed using the following relation:

G=E/2(1+v) (1)

where,

G is the shear modulus (Pa);

E is the elastic modulus (Pa); and

v is Poisson’s ratio.

Contact parameters include the coefficient of restitution, the coefficient of static fric-
tion, and the coefficient of rolling friction for soil particles and soil-tool interactions.

The static friction coefficients were determined experimentally through angle of re-
pose and inclined plane tests, while the coefficient of restitution and rolling friction
coefficients were obtained from literature [14]. Additional calibration support for these
values was drawn from Fang et al. [15], who conducted systematic testing of soil frictional
behaviour.
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Table 2 DEM input parameters

Parameters Value
Radius of the filling element, r (mm) 3and 5
Soil particle density, pl (kg/m3) 1490
Poisson’s ratio of the soil particles, vl 0.4
Shear modulus of the soil particles, G1 (Pa) 1x106
Poisson’s ratio of Mild steel, v2 0.30
Shear modulus of Mild steel, G2 (Pa) 1x1010
Density of Mild steel, p2 (kg/m3 ) 7800
Coefficient of restitution between soil and soil, el 0.6
Coefficient of rolling friction between soil and soil, e2 0.2
Coefficient of static friction between soil and soil, e3 0.57
Coefficient of restitution between soil and Mild steel, f—1 0.3
Coefficient of rolling friction between soil and Mild steel, f—2 0.05
Coefficient of static friction between soil and Mild steel, f—3 0.5
Percentage of the Rayleigh Time Step % 20
Simulation time, t (s) 5

In EDEM, the time step controls how frequently interaction calculations are per-
formed during the simulation. This step size is typically defined as a percentage of the
Rayleigh time step, which represents the time it takes for a shear wave to propagate
through a particle. Based on software recommendations, this study used a time step
equivalent to 20% of the Rayleigh time step.

The Rayleigh time step (Tr) was computed using the following equation:

P
nR\/G

Ir = 0.1631 v+0.8766

where,

R is the particle radius,

p is the particle density,

vis the Poisson’s ratio and

G is the particle shear modulus.

2.3.3. Model validation

The angle of repose (AOR) is a key parameter representing the steepest angle at
which a mass of soil remains stable without sliding, measured with respect to the hori-
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zontal plane. It is typically calculated using the height and diameter of a soil heap formed
naturally on a flat surface.

Among several established methods to determine AOR, the lifting cylinder technique
is widely accepted for its simplicity and accuracy [16]. In this study, a vertical funnel
with an upper diameter of 265 mm, a lower opening of 50 mm, and a height of 350 mm
was used. The funnel was filled with soil to a height of 325 mm and lifted vertically at a
constant speed of 0.05 m/s. This allowed the soil to form a conical pile on a flat platform.
The test was repeated three times to obtain an average AOR value for sandy clay loam
soil at a moisture content of 13.84% (dry basis).

To validate the soil model used in the simulation, the same test setup was replicated
in Altair EDEM. The simulated particles were allowed to form a similar heap under
gravitational influence to determine the soil’s repose angle digitally.

The angle of repose was found to be 30° in both the physical and virtual experiments,
indicating that the simulated soil behaviour closely matched real-world conditions. This
validation supports the reliability of the DEM particle configuration used in this study.
The visual comparison of both test results is illustrated in Fig. 3.
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Figure 3 Angle of repose test a) Laboratory test for field soil and
b) Test in EDEM software for prepared soil

2.3.4. Soil-basin lister modeling

A three-dimensional (3D) CAD model of the basin lister equipped with a watercourse
attachment was developed using Creo Parametric 11, maintaining a 1:1 scale to ensure
geometric accuracy. This model was then imported into Altair EDEM 2025, where a
virtual soil bin was constructed with dimensions of 3000 mm in width, 2000 mm in
length, and 400 mm in height, as illustrated in Fig. 4. These dimensions were selected to
facilitate the analysis of soil behaviour under varying tillage depths and forward speeds.
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Figure 4 Soil bin in EDEM Software

During the simulation, key performance parameters such as draft force and soil distur-
bance characteristics—including cross bund height, cross bund width, side ridge height,
side ridge width, watercourse depth, and watercourse width—were monitored using the
same measurement methodology as employed in the physical experiments.

To evaluate the accuracy of the DEM simulations, relative error (RE) between the
simulated outputs and the experimentally measured values was calculated using the fol-
lowing equation, adapted from Chen et al. (2013):

RE (%) = x 100 )

where,

RE is relative error (%)
M is measured value

S is simulation value

3. RESuLTS AND DI1scussioN

3.1 Cross bund height

Fig. 5 shows the variation in cross bund height with respect to operational speed
(2 km/h, 3 km/h, and 5 km/h). Cross bund height is defined as the vertical distance
between the top of the cross bund and the basin level. It is influenced by the speed of
operation of the implement.
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It is observed that cross bund height increases with increasing speed. At higher
speeds, the lister blade interacts with the soil more aggressively, resulting in greater
lifting of soil particles and their deposition at higher altitudes. There is also an increase
in the kinetic energy imparted to the soil particles. The excess laterally scattered soil
particles generated by the watercourse attachment (ridger) are subsequently carried by
the lister blade, resulting in greater soil volume displacement.

The maximum cross bund height of 161 mm is achieved at a forward speed of 5
km/h, while the minimum height of 136 mm is recorded at 2 km/h. The available
experimental data also reveal the same trend—an increase in bund height with increas-
ing forward speed. These results highlight the tool’s efficiency at high speeds for bund
development but also caution that excessive soil scattering could occur in field scenari-
os without boundary control.
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Figure 5 Effect of operating speed on height/depth
3.2. Cross bund width

Fig. 6 shows the variation in cross bund width with respect to operational speed
(2 km/h, 3 km/h, and 5 km/h). Cross bund width is defined as the horizontal distance
between the lowest points of the bund on both sides.

It is observed that cross bund width remains relatively unchanged or increases
slightly at very high operating speeds. The experimental data available for the study
also exhibit a similar trend, showing a slight increase in cross bund width as operating
speed increases. These results indicate that an optimum operating speed must be con-
sidered to achieve the desired bund profile without excessive soil dispersion.
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Figure 6 Effect of operating speed on width
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Figure 8 Cross bund profile at a) 2 kmph, b) 3 kmph, ¢) 5 kmph speed of opera-
tion for DEM simulation

3.3. Side ridge height

Fig. 5 shows the variation in side ridge height with respect to operational speed (2
km/h, 3 km/h, and 5 km/h). Ridge height is defined as the vertical distance between the
top of the side ridge and the basin level.

It is observed that ridge height decreases with an increase in operating speed. This
decreasing trend is attributed to the greater velocity imparted to the soil particles at
higher speeds. As the particles are displaced laterally, the increased velocity results in
more widespread scattering of soil, preventing the formation of tall ridges.

A maximum ridge height of 149 mm is achieved at 2 km/h, while a minimum of 111
mm is observed at 5 km/h. A similar trend is observed in the experimental data.

3.4. Side ridge width

Fig. 6 shows the variation in side ridge width with respect to operational speed (2
km/h, 3 km/h, and 5 km/h). Ridge width is defined as the horizontal distance between
the two ends of the ridge at the basin level.

It is observed that ridge width increases with increasing operational speed, reaching
a peak at 3 km/h, and then begins to decrease at higher speeds. This decrease is caused
by irregular soil throw patterns at high speeds, which narrow the ridge slightly. Another
notable observation is that the excess laterally scattered soil particles are carried forward
by the lister plate, resulting in minimal change in ridge width even at higher speeds.

The maximum ridge width of 289 mm is achieved at 3 km/h, while the minimum of
265 mm is recorded at 2 km/h. An increasing trend in ridge width is also observed in the
experimental data.
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Figure 9 Side Ridge and Watercourse profile at a) 2 kmph, b) 3 kmph, ¢) 5 kmph
speed of operation for DEM simulation
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3.5. Watercourse depth

Fig. 5 shows the variation in watercourse depth with respect to operational speed
(2 km/h, 3 km/h, and 5 km/h). Watercourse depth is defined as the vertical distance
between the bottom-most point of the watercourse and the top of the ridge formed
alongside it.

It is observed that watercourse depth decreases with increasing speed and remains
relatively constant at higher speeds. This reduction is attributed to insufficient tool
penetration time at higher speeds. At slower speeds, the implement has more time to
penetrate and carve the soil downward, creating a deeper watercourse. In contrast, faster
speeds compromise the time available for effective cutting action, leading to shallower
and less defined channels.

The maximum watercourse depth of 230 mm is recorded at 2 km/h, and the minimum
of 184 mm at 3 km/h. A similar decreasing trend is observed in the experimental data.

3.6. Watercourse width

Fig. 6 shows the variation in watercourse width with respect to operational speed
(2 km/h, 3 km/h, and 5 km/h). Watercourse width is defined as the horizontal distance
between the top-most points of the watercourse.

It is observed that watercourse width increases with the increase in operating speed.
The broader width at higher speeds is due to increased soil momentum, which spreads
the particles more widely across the field surface. Although higher speeds enable broader
coverage, they also lead to flatter and shallower watercourses, which may reduce water
retention efficiency.

The maximum watercourse width of 540 mm is recorded at 5 km/h, and the minimum
of 510 mm at 2 km/h. A similar trend is observed in the experimental data.

3.7. Draft

Fig. 7 shows the variation in draft force with respect to operational speed (2 km/h,
3 km/h, and 5 km/h). Although the draft force has generally increased with speed, this
increase has not followed a strictly linear pattern. From 2 km/h to 3 km/h, the draft
force has shown a substantial rise, increasing from 430.27 kgf to 561.38 kgf. However, the
further increase to 588.57 kgf at 5 km/h has been comparatively marginal.

This non-linear behaviour is attributed to several interrelated mechanical and sim-
ulation-based factors. The first factor is increased soil scattering: at higher speeds, soil
is thrown more laterally due to increased kinetic energy. This lateral movement has
prevented the accumulation of soil directly in front of the implement. Without a dense
resistance front, the tool has encountered lower passive pressure, reducing the draft load
despite the increase in speed.

The second factor is reduced tool-soil contact time at high speeds. As speed increases,
the contact duration between the lister blade and soil particles decreases, limiting the
time available for penetration and engagement. Consequently, less soil is displaced per
unit of contact, and the resistance force tends to plateau instead of rising proportionally
with speed.
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Figure 7 Effect of operating speed on draft

conditions, resulting in the unexpected change in the trend.
A similar trend has been confirmed through experimental studies.

3.8. Relative Error

The relative error between the experimental values and the DEM-simulated results
was calculated for various parameters at different operating speeds (2 km/h and 3 km/h).
The relative error provides a quantitative assessment of the accuracy and validity of the
DEM model by comparing it against field-tested values. Tab. 4 presents the relative error

between the experimental data and DEM simulation results.

Tab. 4 Relative error between Experimental and DEM simulation study

Speed
SN I Error, %
Height of | Width Height of | Width Depth of | Width of | Draft
Cross of Cross | Side Ridge [ of Side Wa- Wa-
Bund Bund Ridge ter-course | ter-course
1 2 11.11 17.31 24.16 19.69 12.5 17.87 28.16
2 3 14.88 24.93 16.50 18.13 13.61 19.78 12.05

The relative error for cross bund height ranged from 11.11% at 2 km/h to 14.88% at
3 km/h, while the error for cross bund width increased from 17.31% to 24.93%. For side
ridge height, the relative error decreased from 24.16% at 2 km/h to 16.50% at 3 km/h.
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Similarly, side ridge width showed a small variation in error, reducing from 19.69% to
18.13%.

In terms of watercourse dimensions, the relative error for depth increased slightly
from 12.50% to 13.61%, while the width error rose from 17.87% to 19.78% as speed in-
creased. The relative error for draft force showed the highest variation, decreasing from
28.16% at 2 km/h to 12.05% at 3 km/h.

4. CONCLUSIONS

The research on the Discrete Element Modelling (DEM) of soil-basin lister interac-
tions has provided meaningful insights into the effects of operating speed on performance
parameters such as cross bund height and width, side ridge formation, watercourse pro-
file, and draft force. The following conclusions are drawn from this study:

e The cross bund height has shown an increasing trend with speed, ranging from
136 mm at 2 km/h to 161 mm at 5 km/h, due to enhanced soil uplift and lateral
soil movement carried by the lister blade.

e The cross bund width has remained relatively stable but has shown a slight
increase at higher speeds. It ranged from 651 mm at 2 km/h to 620 mm at 5
km/h, indicating that bund width is less sensitive to speed variations compared
to height.

e The side ridge height decreased consistently with increased speed. The maximum
ridge height of 149 mm was recorded at 2 km/h, reducing to 111 mm at 5 km/h,
due to reduced soil deposition and increased lateral scattering at higher kinetic
energy levels.

e The side ridge width increased up to 289 mm at 3 km/h but dropped slightly to
270 mm at 5 km/h, suggesting an optimum range of operating speed for maxi-
mum ridge width without over-scattering of soil.

e The watercourse depth decreased with increasing speed, from 230 mm at 2 km/h
to 184 mm at 3 km/h, and remained nearly constant thereafter, reflecting a re-
duction in penetration effectiveness at higher forward velocities.

e The watercourse width increased with speed, ranging from 510 mm at 2 km/h to
540 mm at 5 km/h, showing that higher speeds cause greater lateral displacement
of soil in the watercourse region.

e The draft force increased non-linearly, with values ranging from 430.27 kgf at 2
km/h to 588.57 kgf at 5 km/h. The increase from 3 km/h to 5 km/h was com-
paratively smaller, attributed to reduced soil-tool engagement and soil deflection
behaviour in the DEM environment.

e The maximum relative error between experimental and DEM simulated values for
the observed parameters was found to be 14.88% for cross bund height, 24.93%
for cross bund width, 24.16% for side ridge height, 19.69% for side ridge width,
13.61% for watercourse depth, 19.78% for watercourse width, and 28.16% for
draft force. These values confirm the reliability of the DEM model within accept-
able simulation accuracy limits.
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