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ABSTRACT

The contact parameters setting determines the accuracy of discrete element method (DEM) simulation
analysis, while there is a lack of research on contact parameters of green onion seed. In this paper, the physical
parameters of green onion seeds were measured by experiment, and the DEM parameters were calibrated by
simulation. Based on EDEM software, the Hertz-Mindlin no-slip model was used to create the particle model
of green onion seeds that takes on the shape of peltate with the irregular surface, and the repose angle was
measured by the measurement method of lifted cylinder. Plackett-Burman test was designed to screen the
significance of parameters, and the optimal range of significance parameters was further determined through
the steepest climbing test. Then the regression model of seeds repose angle was obtained by Box-Behnken
test and the optimal parameter combination was calculated: the static friction factor between seeds was 0.424,
the rolling friction factor was 0.085, the static friction factor between seeds and steel was 0.310. The optimized
repose angle in the simulation had an overall relative error of 0.54%, indicating that the contact parameters of
the calibrated green onion seed had high accuracy.

wE

EHTE (DEM) RS THIGRERATEMSEAIRE, T1HFREIKBFHFIEMSEGIEXTET. B
W, EXBETLINE T AEHTFHINESEH, HBIRNBEEFHTSEHH T T HE. Z#TEDEM K, R
Hertz-Mindlin ZE8z7BMEE, BL TAZHFEEHAZRETHIBFFEE, HRAEREZNEE
A, B Plackett-Burman il B iFASHAIEE M, FHEARERK I H —2HERE S HAIRELE.
/BT Box-Behnken % i@ Z) A B FHRBHIEITRE, HiltEHRILSHAE X BT IEEHELEFE
20.424, X EFHFELREREF 9 0.085, XEFFSHkeHEREFE X 0310, ZLULILEHIEER
SSLFHAEAIFENT IRZE 2 0.54%, X BFFrE HAI K BT F RS HRBFREHIEL.

INTRODUCTION

As a seasoning vegetable and cash crop widely cultivated in China, green onion plays an extremely
important role in vegetable production in China (Liu D. et al., 2017). The average annual planting area green
onion reaches half a million hectares and its annual export share reaches 70% of the world one (Wang H.X.
et al., 2019). The mechanization level of green onion planting in China is currently low, so the method of green
onion planting mainly relies on artificial sowing, which seriously restricts the development of mechanization in
the whole process of green onion production. In order to deeply study the movement mechanism between
green onion seeds and the seeding mechanism during the sowing process, it is necessary to study the physical
parameters and contact parameters of green onion seeds. Due to the small volume, irregular shape and poor
fluidity of green onion seeds, it is effective to use physical test to measure the physical parameters and to
calibrate the DEM parameters combined with simulation experiment (Wang W.W. et al., 2021), that can
accurately obtain the parameters of green onion seeds. The research results are of great significance for the
theoretical analysis of the precise seeding process and the performance optimization of the sowing device (Lu
F.Y. etal., 2018).
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At present, DEM simulation is an effective method to solve the problem of modern agricultural
technology, many studies have been carried out on the calibration of discrete element simulation parameters
of agricultural materials at home and abroad in order to ensure the accuracy of simulation. Peng Z. et al.,
(2022), calibrated the parametric calibration of cotton straw parameters in Xinjiang through the simulation and
actual measurement tests of the repose angle. Lu F.Y. et al., (2018), constructed a regression equation for the
friction angle of rice bud seeds based on the DEM, and calibrated the main contact parameters with different
moisture contents. Xuejie M. et al., (2022), calibrated the contact parameters of seed and powder by the repose
angle trial and error method. Ma W.P. et al., (2020), calibrated the optimal combination of discrete element
contact parameters of alfalfa seeds by using a device that can simultaneously measure the repose angle and
the repose angle of materials. Li Y.X et al., (2019), simplified the irregular wheat flour into soft spherical
particles, and adopted the Hertz-Mindlin with JKR model to obtain the accurate contact parameters of wheat
flour discrete element simulation. Zhou H. et al., (2022), determined the DEM parameters of paddy soil with
high moisture content (>40%) by using the Hertz—Mindlin with JKR model. Yan D. et al., (2022), measured and
calibrated the RFCP-P and RFCP-B of soybean seed patrticles of three varieties with different sphericity. The
above studies have calibrated the key DEM parameters of the particles, which improved the accuracy of related
simulation studies, but there is no related study reported on green onion seeds and similar seeds.

In this paper, the intrinsic parameters of green onion seeds were measured, and the physical stacking
test and simulation test were conducted on green onion seeds. With the repose angle as the index, Plackett-
Burman test was used to screen out the factors that had significant influence on the index, and the steepest
climbing test was used to quickly find the interval of the optimal value of each factor. The second-order
regression models of the repose angle and the static friction factor between green onion seeds, the rolling
friction factor between seeds and the static friction factor between seeds and steel was established by the
design-expert optimization module, then, the key contact parameters that had significant influence on the
discrete element simulation study of green onion seeds were obtained. Finally, the reliability of the model and
simulation parameters was verified by the repose angle test, in order to provide reliable discrete element model
parameters for the simulation analysis of the precision sowing of green onion and other mechanized devices.
The result provides essential theoretical parameters for the study of the performance of the seeding machinery
for green onion.

MATERIALS AND METHODS
Test material and physical parameter determination

For the DEM simulation, physical properties and contact parameters of seeds are required to be set.
The physical parameters of green onion seeds include shape, size, density, moisture content, Poisson's ratio,
shear modulus and Young's modulus, which could be obtained directly through test measurement. While the
recovery coefficient, static friction coefficient and rolling friction coefficient between seed particles or between
seed particles and boundary are difficult to measure inaccurately and therefore need to be calibrated.
Determination of triaxial size, 1000-grain weight, density and moisture content

This paper takes the green onion seeds of Zhangyou 006 variety in Shandong Province as the research
object, which has the advantages of strong disease resistance, frost resistance and fast growth rate. Green
onion seeds belong to bulk materials, and the basic physical property parameters need to be measured include
triaxial size, 1000-grain weight, density, moisture content, Poisson's ratio, Young's modulus and shear
modulus.

In order to accurately establish the three-dimensional model of green onion seed, 500 seeds of
Zhangyou 006 variety were randomly selected. In this paper, it was used to measure the maximum triaxial size
of green onion seeds by SZX16 advanced research stereological microscope of OLYMPUS (accuracy is 0.01
mm) (Fig.1). Image View software was used to calibrate the range, added a ruler, and measured the data,
which made the data more accurate. The measured results showed that green onion seeds took on the shape
of black peltate with the irregular and angular surface (Fig.2), and the average values of the maximum length,
width and thickness of the seeds were 3.08, 2.02 and 1.23 mm.

One thousand seeds were randomly selected and weighed with a high-precision electronic analytical
balance. The average value was obtained by measuring five times. The thousand seeds of green onion is 2.49
g. Then the density of 100 green onion seeds was measured by the pycnometer method, and the average
value was taken ten times, and the density of green onion seeds was obtained as 1085 kg/ms3.
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Fig. 1 - Stereological microscope Fig. 2 - Welsh onion seed

The green onion seeds are oil crops, so the electric heating constant temperature drying oven is used
to dry the green onion seeds at a low temperature for 8 hours. 500 seeds were selected randomly to measure
their weight at room temperature, and then dried continuously for eight hours at a temperature of 103°C + 2°C.
The temperature in the oven was lowered to room temperature before the green onion seeds were taken out
and weighed. The moisture content on a dry basis is obtained from Eq.1.

The average moisture content of the dry base of green onion seeds is 6.8% through measurement test
and calculation with 5 repetitions.

M, = :—i’ X 100% (1)
where:
My is the mass of water contained in the material, g;
M. is the mass of dry matter contained in the material,
Ma is the dry basis moisture content.

Poisson's ratio determination

As the shape of green onion seeds is small and irregular, professional physical property tester (TA.XT
Plus C) from Stable Micro Systems UK was adopted to measure the Poisson's ratio of seeds accurately. First
of all, 20 seeds were randomly selected and labeled to measure thickness (axial) and width (transverse), and
a cylindrical probe with a diameter of 8 mm that loaded at 0.1 mm/s along the direction of the green onion seed
thickness (axial) was used to apply pressure until the seed was cracked to stop it (Xianggian D. et al., 2022).
At the moment the deformation of the positive strain in the direction of seed thickness was measured by the
mass spectrometer, and the deformation of the positive strain in the direction of width was measured by the
digital vernier caliper. At last, the Poisson's ratio of green onion seeds was calculated from Eq.2. Through
measurement test and calculation with 20 repetitions, the average value of Poisson's ratio of green onion
seeds was 0.481.

t = ﬂ — Q1-0Q2 (2)

where:
t is Poisson'’s ratio;
C' - the deformation amount of green onion seed in the width direction, mm;
C - the amount of deformation in the direction of seed thickness, mm;
Q: - the seed width of scallion before loading, mm;
Q:2 - the seed width of green onion after loading, mm;
S1 - the seed thickness of scallion before loading, mm;
S, - the thickness of onion seed after loading, mm.

Determination of elastic modulus and shear modulus

20 seeds selected randomly were labeled from 1 to 20 in order. The cylindrical probe with a diameter
of 8 mm that loaded at 10 mm/min along the direction of the seeds thickness was used to apply pressure (Fei
L. etal., 2020). 20 labeled seeds were tested separately, and the average value of the 20 sets of test data was
taken. According to the following Eq.3 and Eq.4, the average elastic modulus of the green onion seeds is 29.8
MPa and shear modulus is 10.06 MPa.
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E=< (3)

_E
G= 2(1+t) (4)

where:
E is the elastic modulus of green onion seeds, MPa;
a - the maximum compressive stress;
€ - the line strain;
G - shear modulus, MPa;
t - Poisson's ratio of green onion seeds.

Contact parameter determination

The inclined plane method was used to measure the static friction coefficient between green onion
seeds and boundary (the main material of the precision sowing device is steel), and the interspecific static
friction coefficient of seeds. The seeds were arranged closely and glued on the cardboard with double-sided
adhesive to form a board composed of seeds to eliminate rolling friction caused by seeds on the steel plate
(zhang W., 2022), as shown in the Fig.3. The seeds board was placed on the steel plate with the side of the
seed in contact with the steel plate. When the test was started, right end of the steel plate was placed on the
small experimental lifting platform that was slowly lifted, and the high-speed camera was used to record the
operation. When the seed board began to slide, the experimental lifting platform stopped, meanwhile, the tilt
angle of the steel plate was recorded with the digital display inclinometer. The above operation was repeated
10 times and the average datum was calculated. According to Eq.5, the static friction coefficient between green
onion seeds and steel is 0.326.

small experimental lifting platform

digital display inclinometer
welsh onion seeds \

Fig. 3 - Small experimental lifting platform

O=tanfs (5)
where:
6 is the static friction coefficient;
p is the angle indicated by the digital display Inclinometer, °.

The friction coefficient between green onion seeds was measured using the above method, and seeds
were closely arranged and bonded on the plate to make up a seeds surface. At the beginning, green onion
seeds were placed on the seeds surface, and the height of the acrylic plate was slowly raised with the
experiment platform until the seeds slipping, then the tilt angle of the seeds surface was recorded by a digital
angle gauge. The average interspecific static friction coefficient was 0.493 after 10 repetitions.

Physical experiment on the repose angle

The repose angle of green onion seeds was measured by the measurement method of lifted cylinder
device consisting of a cylinder with diameter of 100 mm and length of 200 mm and a plate of 2 mm thickness.
The steel cylinder filled with a certain amount of seeds was lifted slowly and uniformly. After all the seeds were
completely stationary on the steel plate, the high-definition camera was used to take vertical pictures of the
positive side of the stacked seeds. The repose angle image obtained by the test was processed by Python to
make the result more accurate. Firstly, the image of seeds repose angle was processed by grayscale, then
the binarization was processed by threshold method, and the image contour was extracted by the findContours
() function in Open CV. After the edge contour was obtained, Python was used to process the image, extract
the straight line, and calculate the angle of the straight line (Zenghui G. et al., 2022). The average repose
angle of green onion seeds was 25.34° after ten repetitions. The original image and edge contour curve image
are shown in Fig.4.
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Fig. 4 - Physical stacking test of green onion seeds
(a) Original image; (b) Binarized image contour extraction; (c) Edge contour; (d) Fitting the straight lines.

Simulation experiment on repose angle
Simulation model

EDEM software was used to build the simulation particle model based on the basic physical property
parameters of green onion seeds determined by the previous physical test and pre-test. The nine-ball model
was used to establish the particle model of green onion seeds in order to establish the shape of peltate with
the irregular surface (Min F. et al., 2023). The triaxial dimensions of the particle model were consistent with
the determined size (Fig.5).

Three-dimensional materialized model of the lifted cylinder device established according to the cylinder
size and thickness used in physical test was imported into EDEM software. A particle factory for generating
green onion seeds was established above the cylinder, and the generation mode of the particles was set as
dynamic generation with a generation rate of 1000 units/s (Gong X. et al., 2022). The total number of green
onion seeds was set to 2000, and the generation time was set to 2.5 s. Significantly, the sizes of all seeds
were generated according to the normal distribution law of determined size. Then motion of the cylinder was
the set to move along the vertical upward direction with the uniform speed of 0.1 m/s.

The seeds in the cylinder (Fig.6) are slowly scattered into piles, the repose angle cannot be measured
until all seeds are completely stationary. The total simulation time is setto 5 s.

RIS

Fig. 5 - Discrete element model of green onion seeds Fig. 6 - Simulation test of green onion seeds

DEM parameters calibration

Green onion seeds density, Poisson's ratio and Young's modulus were determined according to
previous studies. The ranges of density, Poisson's ratio, Young's modulus as well as the recovery coefficient,
static friction coefficient and rolling friction coefficient of seed-seed and seed-steel, were selected from pre-
experiment and literature (Table 1) (Xiaolong H. et al., 2022).

The Plackett-Burman test was used to screen out the parameters that had significant influence on the
repose angle by taking the repose angle of the particle model of green onion seeds as the response value.
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Parameters and corresponding value ranges in the Plackett—Burman test Tabled
Value
Symbol Parameter Unit -
Low level (-1) High level (+1)
S1 Poisson's ratio of green onion seeds - 0.28 0.48
S2 Green onion seeds density Kg/m3 885 1285
S3 Young's modulus of green onion seeds MPa 9.88 49.80
Sa Collision recovery coefficient of seed-seed - 0.10 0.20
Ss Static friction factor of seed-steel - 0.28 0.38
Se Static friction factor of seed-seed - 0.30 0.60
S7 Rolling friction factor of seed-seed - 0.05 0.17
Ss Collision recovery coefficient of seed-steel - 0.29 0.49
So Rolling friction factor of seed-steel - 0.05 0.17
S10, S11 The virtual parameters - -1 +1
RESULTS

Plackett-Burman test

The Plackett-Burman test was designed on 15 groups, and the parameters of each group were set
according to S: to Si1, then the repose angle of seed particles was simulated by EDEM software. Each group
repeated 5 times. The post-processing clip function was adopted to slice the simulation results with a thickness
of 3 mm after each group of simulation tests, and the simulation repose angle of green onion seeds was
measured with the angle measuring function (Fig.7). The result of the Plackett-Burman's was shown in Table
2. Design-Expert10.0 software was used to conduct ANOVA on the test results, and the significant results of
each simulation parameter were obtained as shown in Table 3. According to the significance screening, the
static friction factor of seed-seed (Se), rolling friction factor of seed-seed (S7) have the highest significance,
and the static friction factor of seeds-steel (Ss) has significant effects. Other factors Si1, Sz, Ss, S4, Ss and Sg
have little influence on the angle of repose.

Fig. 7 - Measure the simulation repose angle

Table 2
Plackett-Burman test parameters
Green onion seeds Plackett-Burman test parameter

Nl s ] se | ss | se | ss | se | se | se | se | st sne aRanlgs(?)
1 0.48 1285 9.88 0.05 0.38 0.30 0.17 0.29 0.20 -1 1 27.41
2 0.38 1085 | 29.80 | 0.125 0.33 0.45 0.11 0.39 0.125 0 0 26.15

3 0.48 885 49.80 0.20 0.38 0.30 0.17 0.49 0.05 -1 -1 30.05
4 0.28 1285 | 49.80 0.05 0.28 0.60 0.17 0.49 0.05 -1 1 33.23

5 0.48 885 49.80 0.20 0.28 0.60 0.05 0.29 0.20 -1 1 28.40
6 0.28 1285 | 49.80 0.20 0.38 0.30 0.05 0.29 0.05 1 1 23.43

7 0.48 885 9.88 0.05 0.38 0.60 0.05 0.49 0.05 1 1 27.35
8 0.38 1085 | 29.80 | 0.125 0.33 0.45 0.11 0.39 0.125 0 0 29.22
9 0.28 885 49.80 0.05 0.38 0.60 0.17 0.29 0.20 1 -1 35.70
10 0.48 1285 9.88 0.20 0.28 0.60 0.17 0.29 0.05 1 -1 30.65
11 0.28 885 9.88 0.05 0.28 0.30 0.05 0.29 0.05 -1 -1 19.80
12 0.48 1285 | 49.80 | 0.05 0.28 0.30 0.05 0.49 0.20 1 -1 21.80
13 0.28 1285 | 9.88 0.20 0.38 0.60 0.05 0.49 0.20 -1 -1 32.30
14 0.38 1085 | 29.80 | 0.125 | 0.33 0.45 0.11 0.39 | 0.125 0 0 28.12
15 0.28 885 9.88 0.20 0.28 0.30 0.17 0.49 0.20 1 1 24.96
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Table 3
Significance analysis of Plackett-Burman test results

Parameters Sum of squares Degree of freedom F values P values
S1 1.18 1 0.73 0.4564
S 0.55 1 0.34 0.6022
Ss 8.57 1 5.29 0.105
Sa 1.69 1 1.04 0.3825
Ss 25.23 1 15.58 0.029*
Se 134.54 1 83.06 0.0028**
S7 69.70 1 43.03 0.0072**
Ss 1.54 1 0.95 0.4013
So 3.06 1 1.89 0.263
S1o 4.44 1 2.74 0.1963
Su 2.54 1 1.57 0.2993

Note: ** indicates an extremely significant effect (p<0.01), * indicates a significant effect (p<0.05).

Analysis of the steepest climbing test

In order to further determine the relationship between Si, Sz, Ss and the repose angle of green onion
seeds, the steepest climbing test was designed to screen out the optimal value range of three simulation
parameters of green onion seeds. The relative error between the measurement and simulation of repose angle
was taken as the evaluation index, and the steepest climbing test design scheme was shown in Table 4. The
test results show that the 3rd group of data has the smallest relative error.

Table 4
Steepest ascent experiment design scheme and results

No. Green onion seeds steepest ascent experiment design and results
Ss Se S7 Repose angle Relative Error (%)
1 0.28 0.3 0.05 21.80° 13.97
2 0.30 0.36 0.074 24.15° 4.70
3 0.32 0.42 0.098 25.02° 1.30
4 0.34 0.48 0.122 26.13° 3.10
5 0.36 0.54 0.146 31.58° 24.60
6 0.38 0.60 0.170 34.70° 36.90

Box-Behnken test

Based on the steepest ascent experiment results, the Box-Behnken test with the test parameter levels
shown in Table 5 was conducted. The 3rd group of data from the steepest climb test was set as the central
point, the second group of data as the low level, and the fourth of data as the high level to find the optimal
results. The design scheme and results of the Box-Behnken test were shown in Table 5. The values of other
non-significant factors in the Box-Behnken test were the same as those in the steepest climbing test to ensure
the accuracy of the results.

Table 5
Box-Behnken experimental design and results
No. Green onion seeds test design and results
Ss Se S, Repose angle (°)

1 0.30 0.42 0.122 26.57

2 0.32 0.42 0.098 25.66

3 0.32 0.42 0.098 25.78

4 0.34 0.48 0.098 27.70

5 0.32 0.42 0.098 25.93

6 0.32 0.42 0.098 25.60

7 0.32 0.48 0.122 28.89

8 0.34 0.42 0.122 30.40

9 0.30 0.36 0.098 24.58

10 0.32 0.36 0.122 26.20

11 0.34 0.42 0.074 27.40
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No. Green onion seeds test design and results
S5 Se S, Repose angle (°)

12 0.34 0.36 0.098 26.43
13 0.32 0.42 0.098 25.72
14 0.32 0.36 0.074 24.90
15 0.32 0.48 0.074 25.77
16 0.30 0.48 0.098 26.63
17 0.30 0.42 0.074 25.80

The variance analysis of Box-Behnken test is shown in Table 6. The analysis results show that Ss, Se,
S7, Ss2 and S72 have highly crucial effects on the repose angle. SsS7 and SeS7 have significant influence on
the repose angle; SsSs and Se2 have no marked effect on the repose angle. The response surface of repose
angle is shown in Fig.8. The results of Box-Behnken ANOVA shows that SsS7 and SeS7 had significant effects
on the repose angle. It can be seen from the figure that with the increase of static friction coefficient and rolling
friction coefficient, the repose angle also increases gradually, and the relative error between simulated repose
angle and physical repose angle decreases first and then increases.

Table 6
Analysis of variance for Box-Behnken test results
Analysis of variance for green onion seeds test result
wariance | squaes | freedom |  Square FValue | p-value Prob>F
Model 32.6 9 3.62 27.81 0.0001

Ss 8.72 1 8.72 66.92 < 0.0001**

Se 5.92 1 5.92 45.43 0.0003**

S7 8.38 1 8.38 64.38 < 0.0001**
SeS7 0.83 1 0.83 6.36 0.0397*
SsSe 0.15 1 0.15 1.17 0.3156
S5 S7 1.24 1 1.24 9.55 0.0176*

Ss? 3.04 1 3.04 23.35 0.0019**

Se? 0.27 1 0.27 2.07 0.1938

S7? 3.84 1 3.84 29.47 0.0010**

Residual 0.91 7 0.13

Lack of Fit 0.85 3 0.28 17.63 0.009
Pure Error 0.064 4 0.016

Cor Total 33.51 16

repose angle(®)
repose angle(®)

(Ss5xS7) (SexS7)
Fig. 8 - Response surface of green onion seeds repose angle. (SsxSy) Effect of interaction between Ss and Sz on
repose angle error. (SexS7) Effect of interaction between S6 and S7 on repose angle error.

The repose angle regression fitting model P=0.0001. The regression model coefficient of determination
R2=0.9728 and Adjusted R2=0.9378, which is very close to 1, and the coefficient of variation CV=1.36%.
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The second-order regression equation of the repose angle of green onion seeds (Eq.6) was obtained
by fitting the Box-Behnken test results. In conclusion, the regression model is extremely significant, which is
of great significance for analysing and predicting the repose angle of green onion seeds.

0=+25.74+0.8685+1.028,+1.04S5+0.455,5,-0.20S5S5+0.56855,-0.25S5>+0.955,+0.85S5 (6)

Simulation parameter calibration and test verification

The data was further optimized with the objective of the physical repose angle (25.34°) of green onion
seeds by the optimization module of Design-Expert10.0 software, and the second-order regression equation
was solved. The group of optimal parameters closest to the actual value was calibrated: the static friction factor
of seed-seed (Ss) was 0.424, the rolling friction factor of seed-seed (S7) was 0.085, the static friction factor of
seeds-steel (Ss) was 0.310, and other non-significant parameters value were determined by measured value.
The average value of repose angle with the optimal parameter combination is 25.48° after 5 repetitions of
simulation tests, and the error between the value and the physical real repose angle is 0.54%, which further
verifies the reliability and authenticity of the simulation experiment. The comparison of simulation test and
physical test is shown in Fig.9 and Fig.10. The results showed that the physical repose angle of green onion
seeds was similar to the repose angle in the simulation results in morphology and angle, indicating that there
was no significant difference between the simulation results and the physical test values.

Por HA T

Fig. 9 - Green onion seeds simulation test Fig. 10 - Green onion seeds physical test

CONCLUSIONS

In this paper, the physical parameters of Zhangyou 006 green onion seeds were determined by physical
experiments, and Placket-Burman test, steepest climbing test, Box-Behnken test and the design-expert
optimization module were used to calibrate the contact parameters that had a significant impact on the repose
angle. The accuracy of the simulation parameters is verified by repose angle test. The conclusions are as
follows:

(1) The static friction coefficient of seed-seeds (Ss), the rolling friction coefficient of seed-seeds (S7), and the
static friction coefficient of seed-steel (Ss) had significant effects on the repose angle of green onion seeds
and therefore need to be calibrated.

(2) The optimal parameter combination was Se of 0.424, S7 of 0.085, and Ss of 0.310 and the average value
of the simulated repose angle was 25.48° with the optimal parameter combinations.

(3) The verification test shows that the simulated repose angle is similar to the physical repose angle, and the
overall relative error of 0.54% is low. The results show that physical parameters measured, the contact
parameter calibrated and the seed particle model created by DEM are accurate and reliable.

In conclusion, parameter calibration can help researchers accurately obtain contact parameters that are
difficult to measure. The research method in this paper can provide reference for the parameter calibration of
other small and irregular seeds. The model of green onion seeds in this study only shows the characteristics
of the specific variety Zhangyou 006. In future studies, it should be considered to analyse the commonness
and differences of the seed particle models and parameters of different varieties of green onion, and establish
a model database of green onion seeds.
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