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ABSTRACT

This study focuses on the threshing device of a cross-axial flow drum and establishes a discrete element
method (DEM) model to simulate the separation process of corn kernels within the device. The model reveals
the motion behavior of corn kernels under different drum rotational speeds, feeding rates, and threshing gaps,
as well as their spatial distribution along the axial direction of the drum. An orthogonal experimental design
was employed to investigate the effects of various threshing parameters on the grain retention rate inside the
device. The results indicate that drum rotational speed has the most significant influence on grain retention,
followed by the feeding rate and the threshing gap. These findings provide an important theoretical basis for
optimizing the threshing performance and improving the operational efficiency of the device. The optimal
parameter combination was determined as follows: drum speed of 572.96 r/min, feeding rate of 1.5 kg/s, and
threshing gap of 36 mm, which minimizes grain retention and ensures optimal operational performance.
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1. INTRODUCTION

Corn cultivation occupies over 30% of China's total crop area. Since the 1980s, China's corn production
has consistently grown, playing a vital role in the country's agricultural economy (Zhang, 2022). Globally, corn
is a major food and feed crop, second only to rice and wheat. Known for its high yield and stable output, corn
is often referred to as the "king of feed" and is one of the most widely cultivated crops worldwide (Mu, 2020;
Liu et al., 2022; Viadut et al., 2022). Given China's specific agricultural context, optimizing key parameters in
the corn threshing process is essential for advancing corn production and processing technologies (Zhang et
al., 2023).

The discrete element method (DEM) has become a standard tool for analyzing particulate matter and
its interactions with mechanical components, being widely applied in agricultural engineering (Gao et al., 2024;
Lietal., 2023; Wang et al., 2024).

Corn harvesters, particularly their threshing devices, are critical for mechanized corn production,
significantly influencing harvesting efficiency (Geng et al., 2023; Yuan, 2022; Yu et al., 2021). Gong et al.,
(2024), used EDEM discrete element simulation software to carry out simulation tests on different types of
threshing drums and different threshing concave plates and corn ears with different round tube mounting
angles, and finally determined the better threshing method.
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Linrong Shi et al., (2022), investigated the effect of corn grain shape on the resting angle formation
process by establishing a DEM model of corn kernels of three typical shapes. Xiaoyu Li et al., (2024), validated
the simulation results and test bench data through field experiments. They concluded that when the threshing
drum speed was 356 r/min, the concave clearance was 40 mm, the installation spacing of the 50Mn steel rasp
bars was 250 mm, and the feeding rate was 8 kg/s, the kernel breakage rate was 1.93%, which satisfies the
requirements of the corn harvesting standard. It proves that DEM can be used to guide the optimization design
of mechanical structures and has certain value for the research and development of other agricultural crop
operation equipment. The study by Kiniulis Valdas et al., (2017), Zhang et al., (2022), showed that excessive
grain feeding led to increased corn grain loss, and there was a positive correlation between feeding amount
and threshing power consumption. Li Yaoming et al. improved the structure of the threshing device through
the multi-factor orthogonal test method and optimized the key structural parameters, which effectively improved
the harvest benefit of the threshing device (Li et al., 2016). EDEM, as a practical discrete element simulation
software, is in an indispensable position in the engineering field (Liao et al., 2024, Yu et al., 2021; Li et al.,
2025).

2. MATERIALS AND METHODS
2.1. Corn Threshing Drum Structure

In selecting a horizontal-axis flow thresher, the drum body is the core component that plays a vital role;
its main function is to complete the threshing task. To facilitate the study of the movement and distribution of
corn grains in the process of corn separation, the drum is divided into four sections: A, B, C and D. Among
them, section A is 525 mm, section B is 433 mm, section C is 448 mm, section D is 254 mm, section A and B
are mainly used for threshing, section C and D are used for screening and discharging (Yang et al., 2022).
The particle factory is set in section A, as shown in Figure 1(a), and the overall structural schematic of the
device is presented in Figure 1.
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(a) Drum structure and functional segmentation

(b) Drum model
Fig. 1 - Structural schematic of the cross-axial flow threshing drum

2.2. Discrete Element Models
2.2.1 Threshing Device Model

The core components of a corn threshing device typically include a rotating threshing drum and a fixed
concave. In practical operation, the concave remains stationary, while the threshing drum rotates at a
prescribed speed to achieve the separation of corn kernels from the cob (Yang, 2018). To improve the
computational efficiency of the EDEM simulations (Altair EDEM 2023), the device geometry was appropriately
simplified by removing non-critical structures, while retaining the essential components, namely the threshing
drum and the concave. This simplification ensures that the simulation process can accurately represent the
actual threshing behavior of the machine.
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In addition, the cylinder shaft, cylinder, cylinder teeth, plate teeth, partition plates, miscellaneous plates,
and other components inside the drum were merged into a single entity, and a three-dimensional model of the
simplified threshing device was generated. The model was saved in *.STL format and imported into EDEM, as

shown in Figure 2.

AL

Fig. 2 - Discrete meta-model of the corn threshing device

2.2.2. Discrete Meta-model of Corn Kernels
In this study, Zhengdan 958 corn varieties were selected, 80 corn kernels were selected as samples,
and the length, thickness, and width of each kernel were repeatedly measured (Tang et al., 2024) by a vernier
caliper. The measured data were used to calculate the average value of each dimension, as presented in
Table 1.
Table 1
Geometric dimensions of Zhengdan 958 corn kernels

Length [mm] Top Width [mm] Root width [mm] Thickness [mm]

10.28 8.14 6.23 4.33

To improve the computational efficiency of the simulation, an appropriate particle size was preset before
importing the model into the EDEM software. Accordingly, spherical particles with a minimum radius of 0.50
mm were selected for particle filling, forming a discrete kernel model. Each kernel was represented by 106
spherical particles (Chen et al., 2024). The particle filling process of the corn kernels is shown in Figure 3.

——
[ \\ ~
(a) Three-dimensional model; (b) Discrete element models; (c) Particle filling model

Fig. 3 - Corn grain particle filling process

2.2.3. Discrete Element Model Parameters
In the discrete element model, the mechanical and physical properties of corn kernels and the threshing

device were defined according to Wang et al. (2018), as listed in Table 2.

Table 2
Parameter settings for the EDEM simulation

Parameter Value
Poisson’s ratio of corn kernels 0.4
Shear modulus of corn kernels [Pa] 1.31x108
Density of corn kernels [kg-m] 1430
Coefficient of restitution (kernel-kernel) 0.151
Static friction coefficient (kernel—kernel) 0.086
Rolling friction coefficient (kernel-kernel) 0.072
Poisson’s ratio of alloy tool steel 0.25
Shear modulus of alloy tool steel [Pa] 8x1010
Density of alloy tool steel [kg-m] 7850
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Parameter Value
Coefficient of restitution (kernel—steel) 0.702
Static friction coefficient (kernel—steel) 0.344
Rolling friction coefficient (kernel—steel) 0.053

2.3. Study on selected material properties of corn kernels
2.3.1. Effect of Kernel Moisture Content on the Angle of Repose

The angle of repose is an important physical parameter used to characterize the flowability and frictional
behavior of granular materials, such as corn kernels. It directly reflects the piling behavior of particulate
materials and is a simple and convenient index for experimental measurement (Ma et al., 2024; Mousaviraad
et al., 2022). In discrete element method (DEM) simulations, the angle of repose is commonly employed to
validate the accuracy of contact models and parameter calibration (Chen et al., 2023). This parameter is
essential for understanding the behavior of corn kernels during storage, handling, and processing, and it
provides a theoretical basis for the optimization of these processes (Mu, 2022; Li et al., 2022; Viadut et al.,
2023).

When the Johnson-Kendall-Roberts (JKR) contact model is adopted to describe interparticle interactions,
the effects of electrostatic forces and van der Waals forces can be neglected, and the liquid bridge force
becomes the dominant interaction force (Mu et al., 2020). When the particle surfaces are wet or contain
moisture, the formation of liquid bridges can significantly affect the aggregation behavior and flow
characteristics of the particles (Zou et al., 2016; Wu, 2019). By neglecting the influence of the self-weight of
the liquid bridge on the static liquid bridge force, and according to the formulations reported in the relevant
literature for wet-particle DEM, the static liquid bridge force can be expressed by Egs. (1)—(3) (Chen et al.,
2020). A schematic of the liquid bridge formed between two wet spherical particles is shown in Figure 4.

Fig. 4 - Wet particle contact model

The capillary pressure of the liquid bridge is expressed as:

y" 1
po| 2 L (1)

(1+y")2 y(1+y')?
where: P is the capillary pressure of the liquid bridge, N; y is the coordinate along the y-axis, mm; o is the
surface tension of the liquid, N/m.
Since the analytical solution of Eq. (1) is not straightforward, the ring approximation method is adopted
to calculate the static liquid bridge force.
The corresponding expression is given as follows:

F =2npo )
F,= Prp;

The static liquid bridge force can be expressed as:
PitP, (3)
P

F =rop,

where:
Fsis the surface tension of the liquid, N; Fr is the static pressure, N;
p1,p2 is the maximum and minimum radius of curvature of the liquid bridge.
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2.3.2. Experimental Design and Pretreatment

In the numerical simulation of the angle of repose of corn kernels using EDEM software, the JKR contact
model, which is suitable for wet materials, was adopted. This choice was made because the simulation involves
contact interactions between moist particles, and agglomeration phenomena may occur between them. In both
the numerical simulation and the physical experiment, the same bottomless cylinder method was employed to
measure the angle of repose. The operating procedures were identical for the simulation and the experimental
tests. In this method, the diameter of the bottomless cylinder was 60 mm, and its height was 180 mm,
corresponding to a diameter-to-height ratio of 1:3. To prevent kernel overflow during particle generation in the
particle factory, which could affect the accuracy of the results, the height of the bottomless cylinder in the
simulation was increased to 200 mm.

2.3.2.1. Simulation Test Procedure

Using the Protractor measurement tool in EDEM, three representative corn kernels were manually
selected at appropriate positions on the front view of the particle pile to determine the angle of repose.

The measurements were repeated three times, and the arithmetic mean value was calculated. The
measurement procedure is illustrated in Figure 5.
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(a) Kernel filling  (b) Filling completed  (c) Lifting of the cylinder (d) Pile formation completed
Fig. 5 - Simulation process of corn kernel pile formation for angle of repose measurement

2.3.2.2. Physical Test Procedure

The corn kernels used in the physical experiments were prepared based on the kernel shape generated
in the simulation. The experimental method and procedure were generally consistent with those used in the
numerical simulation, as shown in Figure 6.

Fig. 6 - Physical test procédure for the formation of a corn kernel pile

The calculation formula for the angle of repose of corn kernels is given as follows:
4
[ = arctan ZTh @
where: B is the angle of repose of corn kernels; % is the height of the kernel pile, mm; [ is the base diameter of
the kernel pile, mm.

2.3.3. Angle of Repose Analysis

Figure 7 shows the simulated pile formation of corn kernels under different moisture contents, while Figure
8 presents the corresponding experimental results. The angle of repose was determined using the
measurement tools in the EDEM software and the calculation method employed in the physical experiments.

(a) Angle of repose test (dry kernels) (b) Angle of repose test (wet kernels)
Fig. 7 - Simulation results
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(a) Angle of repose test (dry kernels) (b) Angle of repose test (wet kernels)

Fig. 8 — Experimental results

According to the simulation results, the angle of repose of dry corn kernels was 19.4°, whereas that of
wet corn kernels was 35.6°. In the physical experiments, the corresponding values were 18.9° for dry kernels
and 36.3° for wet kernels. The detailed results are summarized in Table 3.

Table 3
Comparative results of the angle of repose for corn kernels
Experiment Dry corn kernels Moist corn kernels
number Simulation angle [°] Experimental angle [°] Simulation angle [°] Experimental angle [°]
1 19.6 19.0 36.2 36.6
2 18.7 18.2 355 36.9
3 19.9 19.5 35.1 354
Average [°] 19.4 18.9 35.6 36.3
Standard 0.62 0.66 0.55 0.79
deviation [°]

The moisture content of the particles was measured using a grain moisture meter (model PM8188). The
moisture content of the dry corn kernels was 13.6%, while that of the moist kernels was 38.2%. When the
kernels are in a dry state, the absence of liquid bridge forces results in relatively low interparticle friction,
leading to poor pile stability. In contrast, when the kernels contain a certain amount of moisture, liquid bridge
forces are formed between particles, which promote particle agglomeration and significantly enhance the
stability of the kernel pile.

2.4. Discrete element simulation of the threshing process
2.4.1. Establishment of the simulation model

The *.STL file of the corn kernel model was imported into the EDEM software. In EDEM, the coordinate
system was defined with respect to the cross-axial flow drum. Specifically, the drum axis direction was set
along the negative Z-axis, the horizontal radial direction of the drum was aligned with the X-axis, and the
vertically downward radial direction was defined as the negative Y-axis. According to the data presented in
Table 2, the physical and mechanical parameters of the corn kernels and the threshing device were assigned,
including Poisson’s ratio, density, elastic modulus, friction coefficients, and coefficients of restitution for
particle-particle and particle-machine contacts (Dong et al., 2023). The direction of gravitational acceleration
was specified according to the simulation requirements. Considering that corn kernels behave as non-adhesive
particles and that their interactions are primarily governed by small elastic deformations at the contact
interfaces, the Hertz-Mindlin (no-slip) contact model was adopted to describe both kernel-kernel and kernel-
machine interactions (Li et al., 2022). Subsequently, mesh partitioning was performed, and the particle factory
was configured to generate kernels with the prescribed properties (Zhao, 2019; Li, 2021; Tian et al., 2022).

To replicate the process from fresh harvesting to entry into the threshing apparatus, an initial downward
velocity of 0.3 m/s was assigned to the corn kernels.

Velocity (m/s) Velocity (m/s) Velocity (m/s)
1.46¢+01 1.56¢+01 1.47¢+01

1.17¢+01 1.25¢+01 1.18¢+01

8.81e+00 9.34¢+00 8.82¢+00

5.91e+00 6.23¢+00 5.88¢+00

3.02¢+00 3.11e+00 2.94¢+00

1.22¢-01 — 2.01e-08 1.04¢-08

(a) Kernel generation (b) Kernel movement (c) Motion trajectories

Fig. 9 - Discrete element simulation of the corn kernel threshing process
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Figure 9(a) illustrates the kernel generation process. At this stage, when a large number of particles are
generated by the particle factory, they immediately interact with the rotating drum. As shown in Figure 9(b),
the kernels are generated, impacted by the drum, pass through the threshing concave, and subsequently exit
the threshing system.

To investigate the motion behavior of corn kernels within the drum, several kernels exhibiting long axial
displacement were selected in EDEM, and their motion paths were converted into trajectories. For ease of
visualization, different colors were assigned to the trajectories (Wang et al., 2019), as shown in Figure 9(c).

It can be observed that after being generated by the particle factory, the kernels undergo circumferential
rotation while moving along the axial direction of the drum, and eventually exit the threshing concave at the
end of the device under the action of gravity. The simulation results are in good agreement with the actual
operating conditions.

2.4.2. Determination of Simulation Factors

In this study, three key parameters were considered: the rotational speed of the drum, the kernel feeding
rate, and the axial distribution of kernels within the drum (Li et al., 2023; Geng et al., 2019). By systematically
varying these parameters and analyzing their effects on kernel motion and distribution, the threshing process
can be optimized to enhance both efficiency and performance (Wang et al., 2020). To ensure that the
simulation conditions were consistent with practical operating conditions, the drum rotational speed was set to
four levels: 40 rad/s, 50 rad/s, 60 rad/s, and 70 rad/s, corresponding to 381.97 r/min, 477.46 r/min, 572.96
r/min, and 668.45 r/min, respectively. The kernel feeding rate was specified in kg/s, with an initial value of 1.5
kg/s and a step size of 0.3 kg/s, resulting in four levels: 1.5 kg/s, 1.8 kg/s, 2.1 kg/s, and 2.4 kg/s. The threshing
gap was selected within the range of 33—42 mm, with a step size of 3 mm. Accordingly, four levels were defined:
33 mm, 36 mm, 39 mm, and 42 mm (Wang et al., 2022). The specific parameter levels are summarized in
Table 4.

Table 4
Levels of simulation factors for the Zhengdan 958 corn kernels
Factors
Levels 3 ) . .
Drum rotational speed [r/min] Kernel feeding rate [kg/s] Threshing gap [mm]
1 381.97 1.5 33
2 477 .46 1.8 36
3 572.96 2.1 39
4 668.45 24 42

Based on the grid division of the designated sampling box, the number of corn kernels within each grid
can be counted, as shown in Figure 10.

Section D
Section C
Section B

Section A
Fig. 10 - Grid division of the threshing device

The axial distribution curves of corn kernels under different influencing factors were analyzed based on
the following test results (Yu, 2013).
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3. RESULTS
3.1 Simulation results analysis
3.1.1 Simulation Results for Different Drum Speeds

The kernel feeding rate was set to 2.1 kg/s, and the threshing gap was fixed at 36 mm. The
corresponding axial distribution curves under different drum speeds are shown in Figure 11.
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A B C D
Axial section of the drum
Fig. 11 - Axial distribution of corn kernels at different drum speeds

Based on the analysis of the axial distribution curves, the following conclusions can be drawn:

1. Since the particle factory was located in Section A during the simulation, corn kernels were generated
in this section, resulting in the highest kernel concentration in this region.

2. When the drum speed was 381.97 r/min, the proportion of corn kernels in Section A reached a
maximum of 38.18%, mainly due to the dominant influence of gravity. In contrast, when the drum speed
increased to 668.45 r/min, the proportion of kernels in Section A decreased to a minimum of 34.42%, indicating
that higher rotational speeds promote longer axial transport distances.

3. At all four drum speeds, the kernel distribution gradually decreased along the axial direction. Among
them, at a drum speed of 572.96 r/min, the axial distribution curve exhibited the most uniform trend, whereas
the distributions under the other three conditions showed more pronounced fluctuations.

Further analysis indicates that with increasing rotational speed, the combined effects of centrifugal force
and axial thrust become more significant. The enhanced centrifugal force facilitates the backward transport of
kernels along the drum axis. Moreover, at higher rotational speeds, the frequency and energy of impacts
between the threshing teeth and the kernels increase, thereby accelerating the axial movement of the kernels.

3.1.2 Simulation Results for Different Kernel Feeding Rates
The drum rotational speed was fixed at 572.96 r/min, and the threshing gap was set to 36 mm. The
corresponding axial distribution curves of corn kernels under different feeding rates are shown in Figure 12.

40
——1.5kg/s
3 or 1.8 kg/s

—=2.4 kg/s

[y — [ 3]
(=] W (=] ()
T T T T

Grain distribution after threshing/%
n

(=]

A B C D
Axial section of the drum

Fig. 12 - Axial distribution of corn kernels under different feeding rates
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Due to the presence of the annular baffle, the number of kernels in Section C is lower than that in Section
B. When the kernel feeding rates were 1.5 kg/s, 1.8 kg/s, and 2.4 kg/s, the axial distribution curves in Sections
B and C exhibited relatively gentle variations. Under all four feeding conditions, the kernel distribution gradually
decreased along the axial direction, and the rate of decrease was generally similar. This indicates that the
feeding rate had a limited influence on the overall axial distribution of kernels.

It can be inferred that within the feeding rate range considered in this study (1.5-2.4 kg/s), the threshing
and conveying capacities of the drum were sufficient to handle different material loads without causing
distribution irregularities due to overload. Although a slight increase in resistance may occur at higher feeding
rates due to enhanced inter-kernel compression, this effect does not significantly alter the overall motion
trajectories of the kernels.

3.1.3. Simulation Results for Different Threshing Gaps
The drum rotational speed was fixed at 572.96 r/min, and the kernel feeding rate was set to 2.1 kg/s. The

corresponding axial distribution curves of corn kernels under different threshing gaps are shown in Figure 13.
40
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Fig. 13 - Axial distribution of corn kernels under different threshing gaps

At threshing gaps of 39 mm and 42 mm, the proportion of corn kernels in Section D decreased most
significantly, reaching approximately 9%. This indicates that as the threshing gap increases, the contact
between the kernels and the concave decreases, resulting in a shorter axial transport distance and earlier exit
of the kernels from the threshing system.

With an increasing threshing gap, the residence time of the kernels on the concave surface is reduced,
thereby decreasing the axial displacement induced by frictional forces and repeated impacts. Although an
excessively large gap may potentially lead to incomplete threshing, no significant losses were observed in the
present simulations due to the appropriate matching of feeding rate and rotational speed. In addition,
increasing the threshing gap alters the material flow density distribution between the drum and the concave,
which may make the kernels more susceptible to entrainment by airflow or subsequent premature discharge.

5.1.4. Multifactor Orthogonal Experimental Design

An orthogonal experimental design is an efficient method for investigating the effects of multiple factors
at multiple levels, identifying the dominant factors, and determining the optimal parameter combinations for
system optimization. This method is characterized by factor independence, uniform distribution of test points,
convenient experimental design, a reduced number of trials, and stable and reliable results (Liu et al., 2023;
Qiao et al., 2022).

In the harvesting of breeding corn, it is necessary not only to meet the operational requirements of
threshing, but also to minimize kernel stagnation and mixing within the device. In this context, the kernel
retention rate inside the threshing device should be no greater than 5%. Therefore, this study aims to optimize
the kernel retention rate by adjusting the drum rotational speed, kernel feeding rate, and threshing gap, thereby
improving the overall threshing performance. The kernel retention rate in the threshing device was adopted as
the evaluation index (Li et al., 2016), and it is calculated as follows:

C:%xlOO% (5)

where: C is the kernel retention rate; m is the mass of retained kernels, kg; M is the total mass of the fed
material, kg.
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The orthogonal experimental matrix was designed based on the selected factor levels. Since a standard
orthogonal table for three factors at four levels is not directly available, the Li¢ (4°) orthogonal array was
adopted and appropriately simplified to accommodate the three-factor, four-level experimental design. As a
result, a total of 16 simulation runs were required. The simulation tests were conducted by varying three factors:
drum rotational speed (r/min), kernel feeding rate (kg/s), and threshing gap (mm). Each factor was assigned
four levels, and the simulation duration for each run was set to 6 s. The orthogonal array and the corresponding
simulation scheme, along with the obtained results, are presented in Table 5.

Orthogonal simulation scheme and results

Table 5

Drum speed Kernel Feeding Rate Threshing gap Kernel retention
Test Number
[r/min] [ka/s] [mm] rate [%]
1 381.97 1.5 33 0.29
2 381.97 1.8 36 0.34
3 381.97 21 39 0.32
4 381.97 24 42 0.25
5 477.46 1.5 36 0.20
6 477 .46 1.8 33 0.39
7 477 .46 2.1 42 0.41
8 477 .46 24 39 0.40
9 572.96 1.5 39 0.19
10 572.96 1.8 42 0.28
11 572.96 2.1 33 0.24
12 572.96 24 36 0.19
13 668.45 1.5 42 0.32
14 668.45 1.8 39 0.17
15 668.45 2.1 36 0.30
16 668.45 24 33 0.31

To ensure high harvesting quality and operational efficiency, the amount of corn kernels retained within

the threshing device should be minimized, and the kernel retention rate should be reduced as much as possible.

The degree of influence of each factor on the kernel retention rate can be evaluated using range analysis. The

corresponding results of the range analysis are presented in Table 6.

Range analysis of kernel retention rate

Table 6

Kernel retention rate [%]

Level Drum rotational speed [r/min] Kernel feeding rate [kg/s] Threshing gap [mm]
k1 0.300 0.250 0.307
k2 0.350 0.295 0.258
k3 0.225 0.318 0.270
k4 0.275 0.288 0.315
Range 0.125 0.068 0.057

A comprehensive analysis indicates that the optimal parameter combination is a drum rotational speed
of 572.96 r/min, a kernel feeding rate of 1.5 kg/s, and a threshing gap of 36 mm. This optimal combination
provides the best overall operational performance and minimizes the kernel retention rate within the threshing

device.
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4. CONCLUSIONS

Taking the cross-axial flow drum threshing device as the research object, this study established a corn
kernel threshing and separation simulation model based on the Discrete Element Method. The effects of key
operating parameters, including drum rotational speed, kernel feeding rate, and threshing gap, on the axial
distribution of kernels were systematically investigated. In addition, the intrinsic relationship between kernel
moisture content and accumulation behavior was analyzed. Furthermore, an orthogonal experimental design
was employed to optimize the operating parameters of the threshing device with the objective of minimizing
the kernel retention rate.

Based on the comprehensive results obtained from numerical simulations and experimental validation,
the following conclusions can be drawn:

1. The axial distribution of corn kernels along the drum was analyzed under different operating conditions.
The results indicate that increasing the drum rotational speed leads to a higher proportion of kernels reaching
the rear section of the drum. In contrast, enlarging the threshing gap weakens the axial transport effect. The
reduced contact area between the kernels and the threshing components shortens the interaction time,
causing the kernels to exit the threshing system earlier.

2. The influence of kernel moisture content on the angle of repose was systematically investigated. The
results demonstrate that moisture differences significantly affect the accumulation behavior of granular
materials. The formation of liquid bridge forces between wet kernels enhances interparticle adhesion and
friction, thereby improving pile stability and resulting in a larger angle of repose.

3. Based on the orthogonal experimental analysis, the effects of drum speed, kernel feeding rate, and
threshing gap on the kernel retention rate were evaluated. The optimal parameter combination was identified
as a drum speed of 572.96 r/min, a kernel feeding rate of 1.5 kg/s, and a threshing gap of 36 mm. This
combination ensures optimal operational performance of the threshing device and minimizes kernel retention,
thereby improving overall threshing efficiency.
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