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ABSTRACT

Accurate discrete element method (DEM) parameters are essential for simulating key operations in jujube
postharvest processing, such as pneumatic cleaning during mechanical harvesting. The fundamental
physical properties of Yimeng Mountain jujubes were systematically measured. A jujube particle template
was constructed using the multi-sphere method, and the Hertz—Mindlin (no slip) contact model was adopted.
The jujube simulation model was generated by filling the particle template with multiple spheres of different
diameters. The static friction coefficient between jujubes ranged from 0.41 to 0.69, while that between
jujubes and a steel plate ranged from 0.40 to 0.54. The rolling friction coefficient between jujubes ranged
from 0.16 to 0.30, whereas that between jujubes and a steel plate ranged from 0.11 to 0.24. The coefficient
of restitution between Yimeng Mountain jujubes, determined using a high-speed camera, ranged from 0.41
to 0.54, while that between jujubes and a steel plate ranged from 0.46 to 0.61. A Plackett—Burman screening
design was conducted, and the results showed that the Poisson’s ratio of jujube, the static friction coefficient
between jujubes, and the static friction coefficient between jujubes and the steel plate were the three
dominant factors. The steepest ascent method was then used to narrow the ranges of these significant
parameters. Subsequently, a Box—Behnken design was employed to establish a quadratic regression model
relating the angle of repose to the three significant factors. Using the experimentally measured angle of
repose of 28.08° as the optimization target, the optimal simulation parameters were determined as follows: a
Poisson’s ratio of 0.32, a jujube—jujube static friction coefficient of 0.52, and a jujube—steel static friction
coefficient of 0.47. The relative error between the simulated and experimentally measured angles of repose
was 2.17%, further confirming the accuracy and reliability of the calibrated simulation parameters.
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INTRODUCTION

Yimeng Mountain jujube is a species in the genus Ziziphus, in the family Rhamnaceae. As a fruit-
bearing tree, it provides substantial nutritional benefits and notable therapeutic qualities. A vital step in the
production process is the collection of Yimeng Mountain jujubes. It has considerable seasonality and
significant labour intensity. Jujube fruits during the ripening stage undergo natural desiccation on the tree
before harvest. This technique optimally utilises solar and thermal resources (Chu et al., 2012; Muqaddas et
al., 2025). It can significantly enhance fruit quality. Winnowing machines are used in the Yimeng Mountain
region for remove impurities during jujube harvesting.
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Complex contact forces arise during the pneumatic separation process, both between jujube fruits and
between the fruits and steel surfaces. These forces are difficult to measure directly using conventional
experimental methods. Simulation can therefore be used to investigate the interaction mechanisms between
jujube fruits and machinery during pneumatic separation, providing a basis for optimizing key equipment
components and reducing fruit losses.

Research into basic agricultural materials has progressed significantly in recent years. These
materials include soil (Hao et al., 2025; Ji et al., 2025), straw (Huang et al., 2025; Zhu et al., 2026), and
seeds. The discrete element method has become an important approach for studying such problems. Liu et
al., (2025), used the discrete element method to calibrate Cyperus esculentus seeds and determined the
optimal parameter combination to overcome issues of irregular shape and uneven surface in high-speed
precision seeding. Ma et al., (2025), investigated ruminant protein supplement pellets. They measured basic
physical properties and contact characteristics, and built a discrete-element model. Using the angle of
repose as an evaluation index in orthogonal tests, the optimal parameter combination was identified. Gu et
al., (2025), calibrated the discrete element parameters of mustard leaf stems to visualise cutting and support
numerical simulation; Geng et al., (2026), used the discrete element method to build a breakable ‘Atlantic’
potato seed model; Chen et al., (2025), established a paddy rice physical model with the multi-sphere (MS)
approach. Validation tests were carried out using the cylinder-lifting method and the discharge mass-flow
method. Zheng et al., (2025), focused on Fritillariae Thunbergii Bulbus (FTB). They developed a discrete
element model of FTB using the Hertz-Mindlin bonding model. It took the maximum shear force as the
evaluation index. The bond parameters in the model were then validated accordingly. Yu et al., (2025),
developed DEM models of mallow and oats via the multi-sphere manual filling approach. These models were
coupled with Fluent for gas-solid simulations. The study systematically analysed seed flow characteristics
and seeding consistency in the distributor under varying inlet velocities and mass flow rates. Li et al., (2026),
focused on dried safflower filaments. They calibrated the filament parameters by combining physical
experiments with simulation tests. Li et al., (2025) selected Pizhou white garlic as the research object. Using
EDEM software, a breakable, flexible discrete element model of garlic seed was built, and its bond
parameters were calibrated. Chen et al., (2024), focused on optimising parameters for a pepper seeding
device. A 3D seed model was constructed using reverse engineering. Key parameter ranges were then
systematically determined. The discrete element method was used to study particle interactions and motion
patterns. This approach helps reveal the mechanisms underlying particle—particle interactions and thus
optimises key process parameters of equipment (Ji et al., 2024; Zhou et al., 2023). Accurate discrete
element method (DEM) parameters are essential for simulating key operations in jujube post-harvest
processing, such as pneumatic cleaning during mechanical harvesting. However, research on accurate
parameter calibration for jujube trees in Yimeng Mountain remains relatively limited.

This study accurately measured the intrinsic parameters of Yimeng Mountain jujubes through physical
experiments. The free-fall principle and the inclined plane method were used. It determined the ranges of the
coefficient of restitution, the static friction coefficient, and the rolling friction coefficient. The MATLAB
software processed images of both the physical and simulated angles of repose. The edge contour was then
fitted to obtain the angle of repose. The angle of repose from physical tests served as the evaluation index.
Significant factors were screened using the Plackett-Burman design, followed by the steepest ascent and the
Box-Behnken tests to determine the optimal simulation parameters. This study provides accurate discrete
element model parameters for simulations of key processes, such as mechanised pneumatic harvesting of
Yimeng Mountain jujubes.

MATERIALS AND METHODS
Determination of basic physical parameters

This study focuses on Yimeng Mountain jujubes as the research subject. Yimeng Mountain jujubes
are bright red in colour, with thick flesh, small pits, a crisp texture when fresh, and a smooth, mellow taste
when dried. One hundred jujubes were randomly selected, and the dimensions of each fruit were measured
using a digital Vernier calliper with an accuracy of 0.02 mm. The three characteristic dimensions (length L,
width W, and thickness T) were recorded. The volume of the Yimeng Mountain jujubes was measured using
a graduated cylinder with a resolution of 1 mL. The moisture content was determined using the oven-drying
method. The mean of the replicate measurements was taken as the final value. The experimental results are
presented in Table 1.
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Table 1
Basic physical properties of Yimeng Mountain jujubes
Parameter Value
Mean dimensions (LxWxT)/mm x mm x mm 30.98x20.53%18.89
Mean mass (g) 4.64
Mean density (kgem3) 746
Mean moisture content (%) 18.58

Determination of the static friction coefficient

Jujubes were fixed to a plate using adhesive to form a jujube contact surface (Fig. 1a). A test jujube
was placed on the surface, and the test plane was gradually inclined anticlockwise. When the jujube began
to slide, the inclination was stopped and the corresponding angle displayed by the digital inclinometer was
recorded. The static friction coefficient between jujubes was calculated using Eq. (1).

To determine the static friction coefficient between jujubes and steel, Yimeng Mountain jujubes were
placed directly on the steel test surface, and the same procedure was followed (Fig. 1b). The static friction
coefficient between jujubes ranged from 0.41 to 0.69, while that between jujubes and the steel plate ranged
from 0.40 to 0.54.

y=tana (1)

where, y is the static friction coefficient and a is the inclination angle of the test plane, (°).
(a) (b)

Fig. 1 - Measurement of the static friction coefficient
(a) Jujube contact surface; (b) Inclined-plane test setup

Determination of the rolling friction coefficient

The rolling friction coefficient was determined using a procedure similar to that used for the static
friction coefficient. The inclination angle of the test plane was gradually increased until the jujube began to
roll. The corresponding angle displayed by the digital inclinometer was then recorded. The rolling friction
coefficient was calculated using Eq. (2). The rolling friction coefficient between jujubes ranged from 0.16 to
0.30, while that between jujubes and the steel plate ranged from 0.11 to 0.24.

» =tana, )
where, y1 is the rolling friction coefficient and a1 is the critical inclination angle at which rolling begins.

Determination of the coefficient of restitution

During the mechanical harvesting and cleaning of Yimeng Mountain jujubes, collisions occur both
among the fruits and between the fruits and machine components, which may cause skin damage and
internal injury. Therefore, the coefficient of restitution is an important contact parameter. The test setup for
determining the coefficient of restitution is shown in Fig. 2 (Hou et al., 2020). Two impact surfaces were
prepared: a steel plate and a plate formed by closely arranged Yimeng Mountain jujubes. Individual jujubes
were released from rest from a fixed height of 400 mm and allowed to collide with the corresponding impact
surface. After impact, the jujubes rebounded upward. The entire collision process was recorded using a high-
speed camera, and the rebound characteristics were obtained through image post-processing.

The coefficient of restitution between Yimeng Mountain jujubes ranged from 0.41 to 0.54, while that
between Yimeng Mountain jujubes and the steel plate ranged from 0.46 to 0.61.

e (3)
Vl

where, v;, and v are the relative velocities before and after collision, respectively, m.s.

The Yimeng Mountain jujubes were assumed to undergo free fall under the action of gravity. The
normal velocity immediately before impact was calculated using the work—energy theorem.
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v, =2gH (4)

The normal velocity immediately after impact was calculated as follows:
v, =/2gh (5)

Therefore, the coefficient of restitution can be expressed as:
h
S 6
e=\7z (6)
where, H is the drop height before impact, mm; and /% is the maximum rebound height after impact, mm.
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Fig. 2 - Schematic diagram of the test principle for coefficient of restitution

Angle of repose test

The angle of repose is defined as the angle between the slope of a granular pile and the horizontal
plane. In the experiment, the inner diameters of the upper and lower openings of the funnel were 200 mm
and 40 mm, respectively, and the vertical distance from the lower opening of the funnel to the horizontal test
surface was 200 mm. A 200 g sample of Yimeng Mountain jujubes was placed in the funnel and allowed to
fall freely onto the test surface, forming a conical pile. After the pile stabilized, the angle between the pile
slope and the horizontal plane was taken as the experimentally measured angle of repose of the Yimeng
Mountain jujubes. Images of the pile contour were captured using a camera and processed in MATLAB
R2022b.

The images were imported using the imread function, converted to grayscale using rgb2gray, and then
binarized using a fixed-threshold method. The region of interest was cropped, and the binary image was
inverted. Internal holes in the target region were filled using the imfill function to improve the morphological
integrity of the pile image. Edge detection was then performed to extract the contour of the jujube pile, and
the coordinates of the boundary points were obtained. The first 50% of the boundary-point data were
selected for coordinate transformation. A first-order polynomial was fitted to the transformed boundary points
using the least-squares method. The angle of repose was subsequently calculated from the arctangent of the
fitted slope. The fitting procedure is illustrated in Fig. 3. Each test was repeated 10 times, and the mean
value was taken as the final result. The mean angle of repose of the Yimeng Mountain jujubes was 28.08°.

(c)

Fig. 3 - Image-processing procedure for determining the angle of repose
(a) Original image; (b) Morphological processing; (c) Contour extraction and fitting

Establishment of the simulation model

The fundamental physical properties of the Yimeng Mountain jujubes were determined through
preliminary physical tests. A three-dimensional geometric model (particle template) was constructed in Creo
based on the measured fruit dimensions. The model was exported in STEP format and imported into EDEM.
The Hertz—Mindlin (no slip) contact model was adopted. To balance computational efficiency and model
fidelity, the jujube particle model was constructed using the multi-sphere method. The particle template was
filled with multiple spheres of different diameters in EDEM to generate the discrete element model of a jujube,
as shown in Fig. 4a.

A simulation of the angle of repose test was then established using the same geometric dimensions as
those employed in the physical test. A particle factory was positioned above the funnel to generate Yimeng
Mountain jujube particles, which subsequently fell into the funnel under gravity.
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The particle generation rate was 50 g/s, and a total particle mass of 200 g was generated. The
particles continued to fall and accumulate on the test surface until the pile became stable. The angle
between the pile slope and the horizontal test surface was taken as the simulated angle of repose. The
particle size was kept constant throughout the simulation. The total simulation time was 4 s, the Rayleigh
time step was set to 12%, the data-saving interval was 0.02 s, and the grid size was set to three times the
minimum particle radius.

L

X s

Fig. 4 - Simulation model for the angle of repose test
(a) Yimeng Mountain jujube; (b) Discrete element model of a jujube; (c) Simulation model of the angle of repose test

Simulation parameter calibration
Plackett-Burman test

The Design-Expert software was used for the Plackett-Burman test design. Test parameters were
selected based on physical tests. The remaining simulation parameters were obtained from the relevant
literature (Du, 2022; Li, 2022; Shi et al., 2021; Zhou et al., 2022). Parameters exerting substantial influence
on the response value were identified using the Plackett-Burman design. The principal elements that
substantially affected the target response were identified. The parameters in Table 2 are encoded as +1 for
maximum values and -1 for minimum values. At the end of each group of simulated trials, the angle of
repose was measured using the same method employed in actual tests.

Table 2
Parameter ranges for the Plackett—-Burman design

Code Parameter Low High
level (-1) level (+1)
Xi Poisson's ratio of jujube 0.20 0.46
X2 Shear modulus of jujube (MPa) 0.38 0.52
X3 Jujube—jujube coefficient of restitution 0.41 0.54
Xa Jujube—jujube static friction coefficient 0.41 0.69
Xs Jujube—jujube rolling friction coefficient 0.16 0.30
Xe Jujube—steel coefficient of restitution 0.46 0.61
X7 Jujube—steel static friction coefficient 0.40 0.54
Xs Jujube—steel rolling friction coefficient 0.1 0.24

Steepest ascent test

Based on the results of the Plackett—-Burman design, a steepest ascent test was conducted for the
significant parameters identified through the screening analysis. The relative error between the simulated
and experimentally measured angles of repose was used as the evaluation index to determine the optimal ranges
of the simulation parameters. The nonsignificant parameters were fixed at their mean values. The relative error
between the simulated and experimentally measured angles of repose was calculated using Eq.(7).

S

w= x100% (7)

where, y is the relative error between the simulated and experimentally measured angles of repose, %; 6

S

is the simulated angle of repose, (°). @ is the experimentally measured angle of repose, (°).
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Box - Behnken design

The optimal ranges of the significant factors were determined through the steepest ascent test and
were subsequently used to define the factor levels. The angle of repose was selected as the response
variable. A Box—Behnken design was then conducted for the significant parameters to determine the optimal
parameter combination. The coded factor levels used in the simulation are presented in Table 3.

Table 3
Coded levels of the significant parameters
Parameter
Coded level Xi X X
-1 0.25 0.46 0.43
0 0.30 0.52 0.46
+1 0.36 0.57 0.48

RESULTS
Analysis of the Plackett-Burman test results

The angle of repose of jujube particles on the steel plate was influenced by multiple factors. A
Plackett-Burman test was therefore conducted to evaluate the significance of each factor. A total of 12
experimental runs were performed, and each run was repeated three times. The mean value was used for
subsequent analysis. The experimental design and results are presented in Table 4, while the significance
analysis of the Plackett—Burman factors is presented in Table 5. The screening results showed that X1, X
and X7 had significant effects on the angle of repose of the jujubes. Therefore, these three factors were
selected for further analysis and optimization.

Table 4
Plackett—Burman design and simulation results
No Parameters Angle of repose
| Xi X2 X3 X4 Xs Xs X7 Xs 0/(°)
1 1 -1 -1 -1 1 -1 1 1 30.28
2 -1 1 1 1 -1 -1 -1 1 23.46
3 1 1 -1 1 1 1 -1 -1 29.86
4 -1 -1 -1 -1 -1 -1 -1 -1 21.46
5 -1 -1 -1 1 -1 1 1 -1 32.54
6 1 -1 1 1 -1 1 1 1 36.44
7 -1 1 -1 1 1 -1 1 1 33.46
8 1 1 -1 -1 -1 1 -1 1 30.12
9 1 1 1 -1 -1 -1 1 -1 28.88
10 1 -1 1 1 1 -1 -1 -1 31.42
11 -1 -1 1 -1 1 1 -1 1 24.26
12 -1 1 1 -1 1 1 1 -1 32.46
Table 5
Significance analysis of the Plackett—Burman design
Parameters Star;?;::zed Sum of Squares Contribution/(%) Rank

X1 3.23 31.23 14.49 3

X2 0.31 0.28 0.13 6

X3 -0.13 0.053 0.025 8

X4 3.29 32.41 15.03 2

Xs 1.47 6.51 3.02 5

Xe 2.79 23.30 10.81 4

X7 5.58 93.41 43.33 1

Xs 0.23 0.16 0.076 7

Analysis of the steepest ascent test results

The design and results of the steepest ascent test are presented in Table 6. As the Poisson’s ratio of
jujube and the jujube-jujube and jujube-steel static friction coefficients increased, the simulated angle of
repose also increased. The relative error between the simulated and experimentally measured angles of
repose first decreased and then increased. Run 3 produced the minimum relative error of 3.36%; therefore,
its factor levels were selected as the centre point for the subsequent Box—Behnken design.
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Table 6
Design and results of the steepest ascent test
No. X; Par;:neters X Angle of repose (°) Relative error (%)

1 0.20 0.41 0.40 21.34 24%

2 0.25 0.46 0.43 24.82 11.61%
3 0.30 0.52 0.46 27.06 3.36%
4 0.36 0.57 0.48 29.64 5.56%
5 0.41 0.63 0.51 32.44 15.53%
6 0.46 0.69 0.54 35.86 27.71%

Analysis of the Box—Behnken design results
The Box—Behnken experimental design and simulation results are presented in Table 7. Multiple
regression analysis was performed on the simulation results, and a quadratic regression model for the
simulated angle of repose was established as follows:
0=2743-0.72X, +23X,+1.33X, -1.67X X, -1.12X X,

~0.025X, X, —0.24X> +2.05X,> +0.93X’

where, X; is the Poisson’s ratio of jujube; X; is the jujube—jujube static friction coefficient; X7 is the jujube—
steel static friction coefficient.

The analysis of variance (ANOVA) for the quadratic regression model is presented in Table 8. Xi, Xa,
X7, X1Xa, X1X7, X42, X72 had a significant impact on the angle of repose. The fitted angle of repose regression
model had P <0.0001. The lack-of fit term was P=0.6438 > 0.05. The model fit was good. The lack of fit was
not significant. The coefficient of determination R? of the regression equation was 0.9898. The modified
coefficient of determination R? was 0.9767, and the coefficient of variation CV was 1.33%. These results
indicate that the regression model has good predictive ability and can be used to analyse and optimize the
angle of repose.

(8)

Table 7
Box-Behnken design and simulation results
Coding o
No. X X X Angle of repose (°)
1 0 0 0 26.88
2 1 0 1 27.34
3 0 -1 -1 26.66
4 0 0 0 28.04
5 1 -1 0 27.98
6 -1 -1 0 25.83
7 0 -1 1 29.66
8 0 0 0 27.36
9 0 0 0 27.54
10 -1 0 -1 26.68
11 0 1 -1 31.22
12 0 0 0 27.34
13 1 1 0 29.32
14 -1 0 1 31.26
15 1 0 -1 27.22
16 -1 1 0 33.85
17 0 1 1 34.12
Table 8
ANOVA for the quadratic regression model
Source of variance Sum of squares Degree of freedom Mean square F-value P-value
Model 98.86 9 10.98 75.45 <0.0001**
Xi 4.15 1 4.15 28.49 0.0011**
Xa 42.23 1 42.23 290.05 <0.0001**
X7 14.05 1 14.05 96.47 <0.0001**
X1 Xa 11.16 1 11.16 76.62 <0.0001**
X1 X7 4.97 1 4.97 34.16 0.0006™*
Xa X7 2.5E-003 1 2.5E-003 0.017 0.8994
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Source of variance Sum of squares Degree of freedom Mean square F-value P-value

X12 0.24 1 0.24 1.65 0.2405
X4? 17.72 1 17.72 121.72 <0.0001**
X7? 3.65 1 3.65 25.09 0.0015**

Residual 1.02 7 0.15

Lack of fit 0.32 3 0.11 0.61 0.6438

Pure error 0.7 4 0.17

Cor total 99.88 16

Note: ** in Table 8 indicates that the impact is extremely significant(P<0.01), and * indicates that the impact
is significant(P<0.05).

Determination of the optimal parameters and experimental validation

The optimization objective was to minimize the difference between the simulated and experimentally
measured angles of repose. The quadratic regression model was optimized using the experimentally
measured angle of repose as the target value. Among the candidate solutions, the parameter combination
closest to the mean values obtained from the physical measurements was selected. The optimal simulation
parameters were determined as follows: Poisson’s ratio, 0.32; jujube-jujube static friction coefficient, 0.52;
and jujube-steel static friction coefficient, 0.47. To validate the calibrated discrete element parameters, the
optimized parameter combination was used in EDEM simulations. Three repeated simulation tests were
conducted, yielding angles of repose of 27.24°, 29.26°, and 29.58°. The mean simulated angle of repose
was 28.69°, with a standard deviation of 1.04°. The relative error compared with the experimentally
measured angle of repose of 28.08° was 2.17%. The close agreement between the simulated and
experimental results further confirms the reliability and applicability of the calibrated simulation parameters.

DISCUSSION

In this study, the fundamental physical properties of Yimeng Mountain jujubes were systematically
measured, and a three-dimensional geometric model incorporating their dimensional and morphological
characteristics was established. A multi-sphere particle model was then developed in EDEM, in which the
jujube geometry was represented by an assembly of spheres with different diameters. The coefficient of
restitution, static friction coefficient, and rolling friction coefficient were determined using free-fall and
inclined-plane tests. Images from both the physical and simulated angle-of-repose tests were processed in
MATLAB, and the pile contours were fitted to determine the corresponding angles of repose. The
experimentally measured angle of repose was used as the calibration target. Significant factors were
identified using a Plackett—Burman design, followed by a steepest ascent test and Box—Behnken design to
determine the optimal simulation parameters. Using the experimentally measured angle of repose as the
optimization target, the calibrated parameters were determined as follows: Poisson’s ratio of jujube, 0.32;
jujube—jujube static friction coefficient, 0.52; and jujube—steel static friction coefficient, 0.47. The relative error
between the simulated and experimentally measured angles of repose was 2.17%.

However, the calibration was conducted under ambient laboratory conditions, and the effects of
variations in moisture content, temperature, and ripening stage on the contact parameters were not
systematically investigated. Although the angle-of-repose test is widely used as a benchmark for evaluating
bulk material behaviour, it represents only one quasi-static flow condition. Therefore, the calibrated
parameters may not provide the same level of accuracy under highly dynamic conditions, such as high-
velocity pneumatic conveying or rapid discharge. Validation using additional bulk-behaviour tests, such as
shear-cell tests, hopper discharge tests, or direct shear tests, would further strengthen the general
applicability of the calibrated parameter set. In addition, the present study focused primarily on jujube—jujube
and jujube—steel contact parameters. Under actual harvesting and postharvest handling conditions, jujubes
may also come into contact with materials such as rubber belts, plastic screens, and plant debris. Extending
the calibration to these additional contact pairs would improve the practical applicability of the DEM model.

CONCLUSIONS

(1) The fundamental physical and contact parameters of Yimeng Mountain jujubes were determined
through physical tests. The jujube—jujube static friction coefficient ranged from 0.41 to 0.69, while the jujube—
steel static friction coefficient ranged from 0.40 to 0.54. The jujube—jujube rolling friction coefficient ranged
from 0.16 to 0.30, whereas the jujube—steel rolling friction coefficient ranged from 0.11 to 0.24. The jujube—
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jujube coefficient of restitution, determined using a high-speed camera, ranged from 0.41 to 0.54, while the
jujube—steel coefficient of restitution ranged from 0.46 to 0.61.

(2) The measured physical and contact parameters were used to define the initial ranges of the DEM
parameters. A Plackett—Burman design was conducted to screen the factors affecting the angle of repose.
The Poisson’s ratio of jujube, the jujube—jujube static friction coefficient, and the jujube—steel static friction
coefficient were identified as the dominant factors. A steepest ascent test was then performed to further
narrow the ranges of these parameters.

(3) A Box—Behnken design was subsequently employed to establish a quadratic regression model
relating the angle of repose to the three dominant factors. Using the experimentally measured angle of
repose of 28.08° as the optimization target, the optimal simulation parameters were determined as follows:
Poisson’s ratio of jujube, 0.32; jujube—jujube static friction coefficient, 0.52; and jujube—steel static friction
coefficient, 0.47. The relative error between the simulated and experimentally measured angles of repose
was 2.17%, indicating good agreement between the simulation and physical test results.

The calibrated parameters provide a basis for DEM simulations of key operations in the mechanical
harvesting and postharvest handling of Yimeng Mountain jujubes, particularly pneumatic cleaning and
separation processes, and can support further investigation of jujube motion and interaction behaviour during
these operations. However, the present study adopted the Hertz—Mindlin (no slip) contact model, which is
commonly used for dry, noncohesive particle systems in EDEM. Future work will consider more detailed
contact and damage models, such as Bonding V2, to represent the skin and flesh of jujubes and to
investigate fruit damage during harvesting. The effects of fruit morphology on DEM model accuracy will also
be examined further.
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