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Abstract: The model describing the forces acting on rice seeds within seed metering systems significantly impacts the design
and structural parameters of rice pneumatic seed metering mechanisms. To formulate a mathematical representation of the
device during seed suction, a DEM-CFD bidirectional coupling approach was utilized to simulate and model the seed-suction
process. The dynamic behavior of rice seeds under the airflow at the suction port was examined, and force models for various
seed-suction positions were developed. Simulation analyses were conducted under varying conditions, including different
rotation speeds of the seed-suction plate and different levels of negative suction pressure. The effects of these variables on seed
suction were investigated, leading to the development of a drag force model. Optimal seeding parameters and precision were
determined from the simulation results. Verification and analysis were conducted through empirical experiments, and the
optimal seeding performance was attained at a negative suction pressure of 1.6 kPa and a plate rotation speed of 30 r/min. The
results indicated a seeding qualification rate of 95.7%, a reattachment rate of 2.4%, and a leakage suction rate of 1.9%. The
simulation findings were consistent with experimental data, demonstrating thatthe seed-metering device satisfies the requirements for
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field seeding.
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1 Introduction

Rice is a crucial economic crop globally. Pneumatic rice seed
metering devices facilitate direct field sowing. Compared to
traditional mechanical counterparts, these pneumatic devices offer
lower damage rates and higher precision in seeding, leading to their
widespread use. Rice seeds, generally spindle-shaped with low
sphericity, pose adsorption challenges, unlike more spherical seeds,
which impacts suction precision and field application effectiveness
of the pneumatic metering devices. Thus, a thorough analysis of the
seed-suction model in these devices is essential to optimize their
performance!'”..

To elucidate the interaction between rice seeds and airflow
during the operation of pneumatic metering devices, researchers
globally have developed models for various types of these devices.
Li et al.” constructed a mathematical model for constrained seed-
suction conditions, focusing on the interaction between seeds and
airflow in the flow field. Ding et al.** investigated the seed-suction
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research

posture of corn pneumatic seed metering devices using DEM-CFD
coupled
influencing seed suction, cleaning, and ejection. They established a

simulation technology, and analyzed key factors
negative pressure seed-suction model under different parameters to
determine optimal operational settings, aiding the structural
optimization of corn pneumatic seed metering devices. Shi et al.”
developed a pneumatic seed metering device to facilitate auxiliary
seed filling. The DEM-CFD gas-solid coupling method was
employed to analyze factors affecting seed filling at various stages,
and experiments were conducted to assess seed suction stability and
seed removal resistance, resulting in an interaction model of these
parameters. To enhance the effectiveness of corn pneumatic seed
metering devices, Han et al.®’ used EDEM-CFD simulations to
study the device’s operation, optimizing the air nozzle position to
increase the seeding qualification rate. Gao et al.”’ improved the
pipeline structure of an air-blown seed metering device utilizing a
Venturi pipeline and applied gas-solid coupling simulations to
examine how different pipeline structures and airflow speeds impact
seed transport. Zhang et al.'” explored the functioning of hole-type
seed metering devices, defining the filling dynamics between seeds
and holes, and introduced a secondary seed-filling chamber, which
structural

was experimentally validated to obtain optimal

11-12

parameters. Xing et al.!'"'* optimized the seed stirring mechanism in
rice pneumatic seed metering devices, developed a stress model for
rice seeds under agitation, and tested various stirring parameters to
improve seeding precision. Yao et al.l”! designed a centralized
pipeline system for rape pneumatic seed metering devices, and it
was optimized through gas-solid two-way coupling and field
validation to determine the best high-speed operation parameters.
Wang et al.'*'” developed a pneumatic seed metering device for
wheat by using airflow ejection and blade propeller. Xu et al.l'”
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designed a pneumatic seed metering device for vegetables, and
optimized the seed-sucking plate parameters using computational
fluid dynamics and discrete element methods. The experimental
analysis clarified the internal flow field dynamics of the suction
hole, and the seed-sucking model was validated through practical
tests. Wu et al." employed the BPM and MFBD-DEM coupled
approach to develop an agglomerate model for rapeseed particles,
analyzing their crushing characteristics and the forces exerted on
flexible components, thereby providing a theoretical basis for the
structural optimization of seeding machinery. Tang et al.l'”*
designed a pneumatic seed metering device for corn, formulated a
theoretical model for seed suction, transport, and ejection, and
optimized structural and negative pressure parameters through
experiments to provide a basis for precise corn sowing technology.
Cao et al.”" investigated the irregular shape of Ning-guo Radix
Peucedani seeds, designed a corresponding seed metering device,
and used Rocky DEM simulations to analyze seed movement and
establish a damage model meeting agronomic requirements. Dong
et al.” studied a rice seed selection device, developed a selection
platform, and analyzed the interaction of seeds with the wind field
during filling. The DEM-CFD coupling method was utilized to
understand the relationships among inlet wind speed, section shape,
and distance, which offers a theoretical basis for seed selection.
Currently, research on gas-solid coupling modeling for
pneumatic seed metering devices has primarily targeted crops like
corn and rape. Due to the spindle shape, low sphericity, and high
roughness of rice seeds, modeling studies specific to rice seeds are
limited in pneumatic seed metering devices. This paper aims to
investigate the movement mechanism of rice seeds during the seed-
sucking process in a pneumatic rice seed metering device. Using the
Rocky-Fluent coupling simulation method, a gas-solid coupling
model was established to describe the interaction between rice seeds
and the airflow at the suction hole. The optimal seeding
performance was verified through practical seeding tests.

2 Working principle and seed-sucking model of rice
pneumatic seed metering device

2.1 Working principle of rice pneumatic seed metering device
As shown in Figure 1, the rice pneumatic seed metering device
includes a seed chamber shell, a suction chamber shell, a seed-
sucking plate, a seedbox, and a seeding shaft, among other
components. Throughout the functioning, rice seeds move from the
seed container into the seed-sucking zone within the seed chamber
shell. The seeds are then directed inside the device. The seed-
sucking plate and suction chamber shell together form an air

1. Seedbox 2. Seedbox connector 3. Sucking chamber shell 4. Seeding shaft

5. Flange 6. Seed-sucking plate 7. Seed chamber shell 8. Seeding tube
Figure 1  General structure diagram of rice pneumatic seed

metering device

chamber. A vacuum pump creates negative pressure airflow,
evacuating air from the air chamber through a pipeline, resulting in
a vacuum. This generates negative pressure at the suction holes on
the seed-sucking plate, causing rice seeds to adhere to these holes.
The seeding shaft rotates the seed-sucking plate, carrying the
attached seeds out of the seed-sucking zone, across the seed-
carrying zone, and into the seed-dispensing zone. In this area,
positive pressure air stream blows the seeds off the plate. With the
assistance of gravity and positive pressure airflow, the seeds are
ejected from the device and deposited into the field, thus completing
the seeding process.
2.2 Rice seed-sucking force model of rice pneumatic seed
metering device

As depicted in Figure 2, rice seeds experience various forces in
distinct regions, necessitating an analysis of their stress models at
different positions. Due to the low-speed movement and small size
of rice seeds, air resistance is minimal and thus disregarded in the
seed-sucking process. Rice seeds are influenced by forces from
different planes, and their force analysis is performed in two planes.
In the plane parallel to the seed-sucking plate, when rice seeds are
initially adsorbed in the seed-sucking area, they remain within the
seed population, indicating an accumulation state. There was a force
of mutual extrusion between the seed population and a friction force
between the seed population, and the synthesized force was F,. At
the same time, the rice seeds were also subjected to the gravity G,
the centrifugal force F,, and the supporting force F; of the seed
stirring device. When the rice seeds left the seed-sucking area along
with the suction holes, the adsorbed rice seeds were separated from
the seed population, formed an adsorption stable state under the
action of the seed stirring device and the negative pressure sucking
force, and synchronously rotated along with the seed-sucking plate.
As the adsorbed rice seeds left the seed population, the force of the
seed population on the adsorbed rice seeds disappeared, that is, F, =
0, but other forces were still present. Through the above analysis,
the force analysis is carried out in the plane parallel to the seed-
sucking plate, and all the above forces are vector synthesized; the
synthesized force was Q """, and the expression is Equation (1):

O=G+Fs+F.+F; (1)

where, G is gravity of the rice seed, N; Q is combined force, N; F is
friction between rice seeds, N; F. is centrifugal force on rice seed,
N; F; is force of seed stirring device on rice seed, N.

o
On the parallel side On the vertical side
of the seed-sucking of the seed-sucking
plate plate

Figure 2 Force diagram of suction seed

In the direction perpendicular to the plane of the seed-sucking
plate, the rice seeds were subjected to the sucking force F), of the
suction holes and the elastic force F, of the seed-sucking plate on
the seeds. According to the research results of Li, when the seed-
sucking force was at the minimum, the seed-sucking plate did not
produce an elastic force on the seeds, that is, F,, = 0. At this time,
the suction force £, was the limit seed-sucking force, as expressed
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in Equation (2):
Fa=oc @)

where, C is distance from the center of gravity of the rice seed to the
row of seed-sucking plate, m; F), is suction force on rice seeds, N; d
is the diameter of the suction hole of the seed-sucking plate, m.

3 Modeling and analysis of seed-sucking simulation

3.1 Seed-sucking model of seed metering device

To determine the adsorption state and suction force of rice
seeds at various positions within the seed metering device, coupling
simulations were conducted using discrete element Rocky software
and ANSYS-Fluent software. A seed suction force model was
established, and the precision of seed-sucking was evaluated.

SolidWorks was employed to create the seed metering device
model. Since the analysis focused on the seed-sucking force model,
only the seed box channel, seeding chamber shell, seed-sucking
plate, and suction chamber shell were included, resulting in a
simplified model. This model was imported into Rocky software,
and its schematic is illustrated in Figure 3a. Ansys-Workbench was
used for meshing the flow field, defining the fluid inlet, outlet, and
interface according to operational conditions. The meshed model
was then imported into Fluent software. Suction holes were
designated as the dynamic area, while other parts were set as static.
The grid diagram is depicted in Figure 3b.

a. Seed metering device model in rocky

c. Simulated rice
seed diagram

b. Mesh diagram in fluent

Figure 3  Seed metering device model, fluid mesh diagram, and
simulated rice seed diagram

The seeds flowed into the seeding chamber shell from the seed
box through the seed box channel and accumulated in the seed-
sucking chamber. WUFENYOU 615 rice seeds were selected for
experimental analysis in this paper to simulate the actual
accumulation state of rice seeds. Through the measurement of the
triaxial parameters of rice seeds in the early stage, the average
triaxial dimensions of length, width, and thickness were 8.4 mmx

2.2 mmx1.8 mm (/xwx¢). The rice seed particle parameters in
Rocky were set to be similar to the actual rice seed parameters, and
the simulated rice seed is shown in Figure 3c.

3.2 Mathematical model for coupled simulation

The process of seed suction in a pneumatic rice seed expeller
involves the dynamic interaction between airflow and rice seeds,
focusing on the kinematic relationship between air and particles.
This study employs the CFD-DEM gas-solid coupling approach for
analysis.

The gas phase is treated as a continuous phase, following the
principles of mass and energy conservation. Due to the low velocity
of the particles, lift effects are ignored, with the main influence
being the drag force exerted by the airflow during coupling. The
two-phase coupling is described by the Navier-Stokes equations™*.
The governing equations for the continuous phase and the
momentum conservation for the fluid phase are provided, with the
fundamental equations detailed in Equations (3)-(7):

ep,)
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where, &, is the void volume fraction; z, is the fluid viscous stress
tensor, Pa; u is the aerodynamic viscosity, Pa's, and ¢ is the time, s;
S, is the source term for the momentum exchange between particles
and fluid, N/m’; V; is the cell volume, m’.

In the CFD-DEN coupled analysis, the dynamics of particles
need to satisfy Newton’s second law and Equations (8) to (11) need
to be satisfied for the motion and rotation of any particle!"

d
ml,%=mpg+Fp'f+Fp_"+Fp7r ()
dw
I, dtp:T’+T’+T" 9)
F,y=F,=V,Vp (10)
F,=05Cpp Alu,~u,|(u, —u,) (11)

where, m, denotes the mass of the particle, kg; u, represents the
particle velocity, m/s; F,,,is the interaction force between particle
and fluid, N; F),, signifies the normal force on the particle, N; F),,
indicates the tangential force, N; /, is the moment of inertia, kg-m’;
o, is the angular velocity, rad/s; 7, is the torques of normal force,
N-m; 7, is the rolling friction torque, N-m; 7, is the torques of
tangential force, N-m; Vp is pressure gradient, Pa/m; V), is particle
volume, m’; F,; is the drag force, N; and C, represents the drag
coefficient. The drag coefficient Cp is determined by combining
correlations proposed by Wen and Yu™, as utilized by Gidaspow,
Bezburuah, and Ding®”. The local fluid velocity at the particle’s
position is computed using the bilinear interpolation method
(Hoomans, 2000)*. p, is gas density, kg/m’; 4 is the windward area
of the particle, m’; u, is the gas velocity, m/s; u, is the particle
velocity, m/s.
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3.3 Parameters of coupling simulation experiment

Based on previous research findings'” and the actual field
seeding conditions, the primary factors influencing seed-sucking
precision are the rotational speed of the seed-sucking plate and the
negative pressure during seed-sucking. Consequently, these two
parameters were selected as experimental variables. In field seeding
operations, the seeder’s operating speed ranges from 0.5 to 0.8 m/s,
corresponding to a seed-sucking plate rotational speed of
approximately 30-50 r/min. Thus, the rotational speed of the seed-
sucking plate was set between 20 and 50 r/min. Previous studies
indicated that a seed-sucking pressure ranging from —1.2 to
—2.0 kPa is appropriate for simulation experiments. The levels of
the simulation test factors are presented in Table 1.

Table 1 Table of experimental factor levels

Factors
Level A. Rotational speed of the B. Negative pressure on
seed-sucking plate/r-min™ suction seed/kPa
1 20 1.2
2 30 1.6
3 40 2.0
4 50 -

To improve the authenticity of the simulation, the parameters of
the rice and seed metering device in reference [29] were referred to,
and the parameters are listed in Table 2. A particle factory was
arranged inside that seeding chamber shell, the quality of the rice
seed produced by the particle factory was set to be 10 g/s, the
generation time was set to be 2 s, and 20 g of rice seeds were
produced in total. According to the parameters of rice seeds, 20 g of
rice seeds was about 1800, slightly less than the number of rice
seeds accumulated in the actual seed metering device. The particle
factory produced rice seeds that fell freely by gravity and
accumulated inside the seeding chamber shell. The DEM-CFD
coupling mode was set in Rocky, the 2-way Fluent coupling was
adopted, and the drag force model was set as Haider & Levenspiel.
The seeding precision of 80 hills in each group was collected for
statistical analysis. Because the rotation speed of the seed-sucking
plate was different during the simulation, the total simulation time
was also different.

Table 2 Simulation experiment parameters

Material of seed

Parameter Rice seeds metering device (steel)

Density (p,) /kg'm 1200 7800

Poisson’s ratio 0.3 0.28

Young’s modulus/MPa 181.5 75
Coefficient of restitution (with seeds) 0.3 0.5
Coefficient of sliding friction (with seeds) 0.56 0.4
Coefficient of rolling friction (with seeds) 0.15 0.02

During DEM-CFD coupling analysis, to maintain

synchronization, the rotational speed of the seed-sucking plate in
Rocky was aligned with that in Fluent. Due to the low negative
pressure airflow and slow flow velocity in the seed metering device,
the RNG k-¢ turbulence model was selected in Fluent based on prior
research, using a simple algorithm for solving. The seed metering
device’s negative pressure interface was configured as a pressure
outlet with values of —1.2 kPa, —1.6 kPa, and —2.0 kPa. The inlet
was set as a pressure inlet with a value of 0. Air pressure circulation
occurred at the interface (INTERFACE), while other boundaries

were defined as walls (Wall). Following initialization, Fluent data
was saved in .dat format and imported into Rocky for coupling
simulation.

4 Results and analysis

To validate the precision of the simulation experiments, a
practical seeding experiment was conducted using identical factors
and levels. These experiments took place at the JPS-12 Seeding Test
Station within the Key Laboratory of Key Technology on
Agricultural Machine and Equipment, Ministry of Education, at
South China Agricultural University. The test setup is depicted in
Figure 4. Given the high efficiency of the seeding process in the
actual experiments, 250 hills/groups were sampled for each
equipment group, with three repetitions. Data were analyzed in
accordance with the national standard GB-T 6973-2005°. The
probabilities of 1-3 sucked seeds per hill were taken as a qualified
index, the probabilities of 0 sucked seeds per hill as a missing hill,
and the probabilities of >4 sucked seeds per hill as a multiple-
sucking index.

Figure 4 Diagram of test setup

The process of emulating is depicted in Figure 5a, with the drag
force results from the simulation experiment shown in Figure 5b,
the drag force effect diagram in Figure 5c, and the pressure gradient
force diagram in Figure 5d. The drag force experiment results
indicate that as the rotation speed of the seed-sucking plate
increases, the drag force decreases. This is primarily because a
higher rotating speed reduces the number of seeds being sucked,
thereby decreasing the interaction force between the airflow and
particles, which in turn lowers the drag force. The diagrams also
reveal that the drag force and pressure gradient force on rice seeds
adsorbed by the inner circles are greater than those on seeds
adsorbed by the outer circles. This is mainly due to the fact that rice
seeds in the outer circles are influenced by the seed-stirring device
during the seed-sucking process, providing some supportive force.
Conversely, rice seeds in the inner circles, located beneath the seed-
stirring device, do not receive such support. Therefore, the drag and
pressure gradient forces on rice seeds in the inner circles are higher
than those on the outer circles.

The precision results of the seeding simulations are depicted in
Figure 6, while Figure 7 illustrates the outcomes of the actual
seeding experiments. According to the simulation, the optimal seed-
sucking effect occurred at a pressure of 1.6 kPa and a rotation speed
of 30 r/min. Under these conditions, the seeding qualified rate was
92.5%, with a 5% probability of 0 seeds sucked per hill and a 2.5%
probability of >4 seeds sucked per hill. When the seed-sucking
pressures were set at 1.2, 1.6, and 2.0 kPa, the average probabilities
of >4 seeds sucked per hill were 0.63%, 3.75%, and 9.69%,
respectively, while the average probabilities of 0 seeds sucked per
hill were 12.81%, 5.94%, and 1.25%. In the actual seeding
experiments, the best performance was also achieved at a seed-
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sucking pressure of 1.6 kPa and a rotation speed of 30 r/min, with a
seeding qualified rate of 95.03%. The probability of 0 seeds sucked

a. Simulation test process diagram

Diagram of drag force
0.007 ¢
0.006 +
0.005 +
0.004 +
0.003 +
0.002 +
0.001 F

0 L L L ]
20 30 40 50

Rotation speed of seed-sucking plate / r-min™’!

===2.0kPa
A —1.6kPa

Drag force/N

b. Plot of traction results diagram

X

=
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c. Traction effect diagram

X

]

Pressure gradient
force/N
pw 0.00617449

0.00463088

0.00308726
. 0.00154364

2.46341e—08

d. Pressure gradient force effect

Figure 5 Simulation test result graph

Probability of missed seeds per hill

Seeding qualification rate

per hill was 2.17%, and the probability of >4 seeds sucked per hill
was 2.80%. At seed-sucking pressures of 1.2, 1.6, and 2.0 kPa, the
average probabilities of >4 seeds sucked per hill were 1.55%,
2.56%, and 7.06%, respectively, and the average probabilities of 0
seeds sucked per hill were 7.22%, 4.04%, and 1.55%.

The findings from both the simulations and real-world
experiments showed that an enhancement in the negative pressure
of seed sucking enhances the quantity of seeds sucked, the average
number of seeds per suction, and the probability of 4 or more seeds
per hill. This is because higher negative pressure boosts the suction
force at the holes, seed adsorption efficiency.
Conversely, reducing the negative pressure decreases the likelihood
of 4 or more seeds per hill, but increases the probability of 0 seeds
per hill due to the weaker suction force, making stable seed-sucking
more challenging.

It is evident that an increase in the rotational speed of the seed-
sucking plate leads to a decrease in the overall seeding volume and
an increase in the rate of empty holes. Simulation results for
rotational speeds between 20-50 r/min show average cavity rates of
4.58%, 5.42%, 7.50%, and 9.17%, and average resorption rates of
7.50%, 4.17%, 4.17%, and 2.92%, respectively. Actual test results
for the same speed range indicate average cavity rates of 2.28%,
2.69%, 5.18%, and 6.94%, with average resorption rates of 6.31%,
4.14%, 2.59%, and 1.86%. The primary reason for this is that higher
rotational speeds reduce the time suction holes spend in the seed
suction area, thereby diminishing interaction time between the
suction holes and rice seeds, which adversely affects seed
adsorption. Additionally, increasing rotational speed would result in
higher centrifugal forces on the adsorbed seeds, reducing adsorption
stability. These factors combined lead to an increased rate of empty
holes and a decreased resorption rate with higher rotational speeds
of the seed-sucking plate.

The variance analysis outcomes for both the theoretical
simulations and real-world experiments are presented in Tables 3
and 4. In the simulation studies, the rotation speed of the seed-
sucking plate significantly impacted the probabilities of 0 seeds per
hill, while the negative pressure substantially affected both the
probabilities of 0 seeds and >4 seeds per hill. Similarly, in the actual
experiments, both the rotation speed of the seed-sucking plate and
the negative pressure had a notable effect on these probabilities. The
variance results from the simulations were consistent with those
from the actual experiments. Thus, the negative pressure and
rotation speed are identified as the primary factors influencing the
probabilities of 0 seeds and >4 seeds per hill.

The consistency between the actual and simulation experiment
results confirms their reliability. Comparing both sets of results
under identical conditions revealed that the qualified rate in the
simulations was lower than in the actual experiments. This
discrepancy is primarily due to the smaller quantity of rice seeds

improving
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Figure 7 Seeding precision results of actual test

used in the simulations to expedite the process. With fewer seeds,
the time the suction holes spend in the seed suction area is reduced,
resulting in less interaction time for effective seed adsorption.
Consequently, the actual experiments demonstrated better
performance than the simulations.

Table 3 Analysis of variance (Simulation experiment)

>4 sucked seeds 1-3 sucked seeds

Missed seeds

Analysis per hill per hill/% per hill/%
A4 B A4 B A B
SS 0.004 0.027 0.003 0.017 0.001 0.003
df 3 2 3 2 3 2
MS 0.001 0.014 0.001 0.008 0.000 0.001
F 17.412  183.353 3296  24.111 0.687 2.333
Sig 0.002 0.000 0.100 0.001 0.592 0.178
Significance ** ** **

Note: ** is significant (p<0.01). The same below.

Table 4 Analysis of variance (Actual experiment)

Missed seeds >4 sucked seeds 1-3 sucked seeds
Analysis per hill per hill/% per hill/%
A B A B A B
SS 0.004  0.006 0.003 0.007 0.001 0.001
df 3 2 3 2 3 2
MS 0.001  0.003 0.001 0.003 0.000 0.001
F 26.990 60.558  30.809  91.213 1.677 4.097
Sig 0.001  0.000 0.000 0.000 0.270 0.076
Significance ** *k ** **

5 Discussion

Based on the findings from both simulations and actual
experiments, the primary reason for the discrepancies observed is
the insufficient quantity of rice seeds used in the simulation
experiments for the seed metering device. This insufficiency
resulted in a reduced seed-sucking area and inadequate time for the
seed-sucking plate to engage with the seeds, negatively impacting
the adsorption efficiency of the suction holes. Additionally, the
lower number of rice seeds led to decreased extrusion forces among
the rice seeds, the seeding chamber shell, and the seed-sucking
plate. Consequently, most of the adsorbed seeds were those directly
in contact with the seed-sucking plate, forming a layer tightly
attached due to the extrusion force from outer seeds, thereby
increasing friction and aiding adsorption. With fewer seeds, this
extrusion force diminished, thus reducing adsorption effectiveness
in simulations compared to actual experiments.

In the simulation analysis of this study, no impurities were
included since the rice seeds were modeled under ideal conditions
as steel bodies, which did not incur damage from interactions with
the seed-stirring device. However, in practical scenarios, rice seeds

contain various impurities. When these seeds interact with the
stirring device, there is a likelihood of damage, leading to husk
detachment. The husks, having lower mass than the seeds, are more
readily adsorbed by the suction holes, reducing the seed-sucking
efficiency of the device. Prolonged operation can cause these
impurities to block some suction holes, further affecting adsorption.
Future simulations should incorporate impurities and model rice
seeds as non-steel bodies to better reflect actual conditions.

To mitigate the impact of impurities during field seeding,
repeated cleaning of rice seeds to reduce impurity content is
recommended. Additionally, using flexible materials for the seed-
stirring device can minimize friction and collision, minimizing seed
damage and preventing husk detachment.

Simulation experiments only considered the friction parameters
between rice seeds and the seed metering device, without
accounting for the awns on rice seed surfaces. These awns affect
seed movement and interaction with suction holes. Due to the
limited research on rice seed micro-surfaces, accurate modeling
remains challenging. Future research should focus on micro-surface
modeling to enhance simulation accuracy.

6 Conclusions

This study employed the DEM-CFD fluid-solid coupling
method to model and analyze the seed-suction process of a
pneumatic rice seed metering device. The interaction between the
seed-sucking plate and rice seeds was examined through simulation
software, and subsequent analyses and experiments were performed.
The simulation results indicated that optimal seed-sucking
performance occurred at a pressure of 1.6 kPa and a seed-sucking
plate rotation speed of 30 r/min, which yielded a qualified seeding
rate of 92.5%, 5% probability of 0 seeds sucked per hill, and 2.5%
probability of >4 seeds sucked per hill. To validate these simulation
results, experiments were conducted under identical conditions. The
experimental findings confirmed that at 1.6 kPa pressure and 30
r/min rotation speed, the best seed-sucking effect was achieved,
with a qualified seeding rate of 95.03%, a 2.17% probability of 0
seeds sucked per hill, and a 2.80% probability of >4 seeds sucked
per hill. The simulation and actual
experimental results confirmed the reliability of the simulation,
satisfying the criteria for field seeding.
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