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ABSTRACT

In order to study the effect of population disturbance on the filling performance of the seed metering device,
this paper uses the pneumatic precision seed metering device as the model, and uses EDEM software to
simulate the population movement of three different seed metering devices. The bench test was carried out at
different pressures at 12 km/h and at different speeds at 3.5 kPa. The results show that the designed seed
disk with grooves has the most intense disturbance and the highest qualified rate. In order to verify the
performance of the disk, full factor tests are carried out on the air pressure and speed, The test results show
that when the operating speed is 10~12 km/h and the positive pressure is 3~3.5 kPa, the leakage rate is no
higher than 5.42%, the replay rate is no higher than 0.42%, and the qualified rate is no lower than 94.58%.
When the operating speed is 14 ~ 16 km/h and the positive pressure is 3.5~4 kPa, the leakage rate is not
higher than 6.7%, the replay rate is not higher than 1.04%, and the pass rate is not lower than 93.12%. All the
indicators are better than the national standard.
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INTRODUCTION

At present, high speed, high density and high efficiency are the development trend of precision seeding
technology. "Quantitative and targeted" precision seeding technology has been widely used in corn, soybean
and other crops in China. Single grain precision seeding is the main sowing method of corn planting in China,
and the seed discharging device is the core component of the seeder, whose performance determines the
efficiency and quality of seeding operation. According to its structure and working principle, it can be divided
into pneumatic type and mechanical type. Pneumatic type has the characteristics of good seed adaptability
and no seed damage. Pneumatic seeding has become the focus of current research.

Pneumatic precision seed metering device includes pneumatic type, air suction type, air blowing type,
central collection type and so on (Yang et al., 2016), It has been noted that the state of seed population has a
significant effect on the filling performance (Yang et al., 2010). The filling process of pneumatic seed metering
device is the process of separating seeds from disordered groups into ordered individuals under the action of
adsorption force. During this period, it is necessary to overcome the resistance of seed population to individual
movement, and the filling process determines the seed placement performance. In the case of Maxima series
of suction seed metering device, produced by Kuhn company of France, the disturbing button is used above
the mold hole to increase the disturbance. Seed adaptability is related to seed filling performance. Yazgi and
Degirmenioglu, (2007), found that the diameter of the suction hole is the main factor affecting the performance
of the seeder, followed by the vacuum degree and the linear speed of the seeding disk.
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Among them, the diameter of the suction hole and the required vacuum degree are mainly related to
the physical characteristics of the seed (Yazgi et al., 2005). Singh conducted a study on the linear speed of
the seed disk and the shape of the suction hole inlet for cotton seeds. The experiment showed that the seeding
performance was inversely proportional to the rotation speed of the seed disk. The suction hole inlet with a
120 ° chamfer had better seeding performance and required lower vacuum degree (Singh et al., 2007). The
shape of the hole has an impact on the seeding performance.

Zhang Kaxing et al, (2021), used the CFD-DEM coupling method to obtain the optimal combination hole
structure and obtained the optimal working parameters under the hole through experiments. Zhang
Xiaoshuang et al, (2021), conducted experiments on different hole shapes and sizes to determine the optimal
hole shape, providing a basis for improving the performance of the seeder. Wang Fenghua et al, (2020),
designed a single row air-suction micro-potato planter to increase population disturbance by vibrating seed
feeding mechanism. The air-suction seed metering device developed by Horsch, Germany, uses the
chamfered asymptote hole to improve the seed adsorption capacity, and the maximum operation reaches 15
km/h. Chen Yulong et al, (2021), designed a vertical disk seeding device with a seed mixer to increase the
seeding probability.

Zhao Zhan et al, (2018), obtained the relationship between expansion coefficient and vibration intensity
by letting the seed disk vibrate to separate the population. When the vibration intensity is 5.65, the motion state
is the most ideal. Chen and Li, (2002), concluded through the study of the law of seed movement that the
introduction of mechanical vibration can make the seeds reach the "boiling" state and improve the seed
absorption rate. Xie Dongbo et al, (2022), designed a garlic seed metering device assisted by air suction with
disturbed teeth, constructed the curved surface equation of disturbed teeth, and explored the influence of
different disturbed teeth on the qualification rate.

Su Wei et al, (2023), designed a kind of gas-suction broad bean precision seed metering device with
flat belt auxiliary seed filling device, and carried out dynamic analysis on its working state. The flat belt auxiliary
seed filling device transformed the population resistance to the adsorbed seeds into a favorable supporting
force for seed filling, so as to improve the seed filling performance. Ding Li et al, (2018), designed the
disturbance population of the shaped hole head according to the size of corn, which played an auxiliary role in
seed filling. The average distance between the population particles and the seed disk, the average speed of
the population and the average speed under different angular speeds were selected as indicators.

In this paper, the pneumatic precision seed metering device was used as the research carrier, and the
EDEM simulation software was used to test the disturbed species of different seed metering devices. The
indexes of population disturbance degree were established with different rotational speed and the number of
seeds generated as variables, and the effects of different disturbed seed metering devices on population
disturbance size and disturbance degree on filling performance were obtained through bench verification.

MATERIALS AND METHODS
Population index analysis

Although existing studies have proposed that seed population state has a significant impact on seed
filling performance, and developed a variety of mechanisms to improve seed population state, the research on
the mechanism of seed population state impact on seed filling performance is not deep enough, and most of
them remain in the stage of experimental research and qualitative description, lacking a clear quantitative
model to accurately describe the characteristics of reasonable seed population state. The guidance for the
design and optimization of seed metering device is limited.

In this paper, two indicators are created according to the obvious degree of seed disturbance. In the
display option function of the data analysis interface, the transparency of the geometry is changed to make the
particles appear. The target particles are selected, and the particle display type is adopted as default. The
speed is colored by the attribute coloring in the color identification TAB, which can distinguish the speed of
different particles. The more intense the disturbance, the larger the particle motion speed, and the more
obvious the filling effect.

The function of grid cell group is to divide the entire model area into grid cells with the same volume.
Right-click on the setting options in the data analysis interface and select Add option, select Grid Bin Group,
set the center position of the cell group and the dimensions in three directions XYZ, set the grid cell group to
1, and the bottom of the grid cell region just exceeds the layer. The number of seeds in the cell reflects the
degree of disturbance. The more intense the disturbance, the more the number of seeds will be driven to the
cell, and the less intense the disturbance, the less the number of seeds.
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Structure principle of Seeding device

On the basis of the previous research conducted by Nanjing Institute of Agricultural Mechanization,
Ministry of Agriculture and Rural Affairs, this paper adopted the pneumatic precision seed metering device
developed in the earlier stage to carry out the research. The structure of the seed metering device is shown in
Figure 1.

The working process of the seed metering device includes seed filling, seed clearing, seed carrying and
seed casting. During operation, the air flow enters the inside of the seed metering device through the air inlet,
and seed filling is carried out under positive pressure. When the seed disk rotates, the internal and external
pressure difference makes the seeds press to the mold hole, and then reach the position of the seed drop
mouth. The air pressure difference is eliminated under the air blocking device, and the seeds fall into the seed
drop tube.

381

a. Front view of the seed metering device b. Rear view of seed metering device
Fig. 1 - Schematic diagram of seed metering device structure
1. Front housing;2. Air inlet;3. Seed port;4. Feed disk;5. Baffle plate.

Disturbance comparison and mechanical analysis

As shown in Fig. 2a, in the case of grooves, seeds were disturbed and showed a discrete state in the
seed filling area of the seed layer with the rotation of the seed disk, while populations without grooves showed
a stacked state, as shown in Fig. 2b.

a. Grooved population disturbed state b. Ungrooved population state
Fig. 2 - Effects of different types of disks on populations

The filling process of seeds is actually a process in which the air drag overcomes the population
movement resistance (Qi et al., 2013). With the rotation of the seed disk during filling, the seeds were
separated from the population by the disturbed seed disk, and the seeds were only affected by their own gravity
and air compression force, as shown in Fig. 2a.
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a. Disturbance force analysis b. Undisturbed force analysis

Fig. 3 - Comparison of force analysis under two different states
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Therefore, when disturbed, seeds that do not come into contact with the population only need to meet
the airflow pressure greater than their own gravity to be adsorbed, as shown in equation 1.

F,>G @

In Equation (1): Fq is the Airflow pressure, N. G is seed's own gravity, N.

When there is no disturbance, seeds come into contact with other seeds on the surface of the seeds,
the seed is subjected to the horizontal component of population movement resistance and the vertical component of
population movement resistance. At this point, the seed filling condition is reached as shown in equation 2.

FdZGJrF”+Ffj 2

In Equation (2): Fq is the airflow pressure, N. F5 is the horizontal component of group movement

resistance; Fj is the vertical component of population movement resistance.

Through the comparison of whether there is disturbance or not, it can be concluded that when there is
disturbance, the seed can be pressed to the mold hole by overcoming its own gravity, and the air compression
force is smaller than that when there is no disturbance, the required pressure value is also small, and the
efficiency is high.

Seed disk structure

According to the working principle, the seed disk is the key structure responsible for seed carrying in
the seed disk, and its important parameters include the size of the mold hole, the number of the mold hole and
the distance from the center hole of the disk. The friction in the population increases when the seed layer
accumulates, and the rotation of the seed disk causes the disturbed seed groove to disturb the population and
reduce the friction, which is conducive to seed adsorption during the filling. In this paper, three kinds of seed
disks are compared. The hole size of all disks is 5.5 mm, the number of holes is 32, and the distance from hole
center to disk center is 90 mm. Disk A is designed as a trapezoidal inclined groove, disk B has a circular groove
with a diameter of 9.5 mm and a depth of 1. mm around the hole, and disk C has no groove. The three types
of seed rows are shown in Figure 4.

a. Disk A b. Disk B c. Disk C
Fig. 4 - Three types of seed disk structure

According to the literature, the maximum length and width of Zhengdan 958 corn seeds are 14 mm,
11.3 mm, and the minimum thickness is 3.3 mm, respectively. The size of corn seeds should be considered
when designing the disturbed seed tank, and the length and width of the tank should be greater than the
maximum size of corn, so that the seeds can completely enter the disturbed seed tank, and the length and
width of the tank are 16 mm and 11.5 mm, respectively. The depth of the groove is smaller than the minimum
seed thickness to prevent the seeds from being completely trapped in the groove affecting the disturbance
performance, and the groove depth is 2.5 mm, as shown in the Figure 5.
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a. Left view profile of A-type slot b. A-slot main view
Fig. 5 - Partial schematic diagram
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As shown in Figure 6, the disturbed seed slot has a certain slope. When the seeds are in contact with
the seed disk, they slide into the slot and close to the shaped hole under the influence of centrifugal force and
gravity, and a certain slope can guide the seed flow.

Fig. 6 - The seeds are subjected to force in the groove

F=f+F
mg = F, (3
cos

In Equation (3): F. is the centrifugal force on the seeds in the tank, N. F1 is the supporting force of the
bottom of the tank on the seed, N; F: is the supporting force of the groove side to the seed, N; f is the angle
between the groove and the center of the disk and the horizontal line, (°); f is the friction between seed and
tank, N; m is the quality of the seed, kg; ¢ is the gravitational acceleration, m/s2.

Among them, the centrifugal force F. is affected by the speed and centrifugal radius, and the centrifugal
radius is 90 mm, the centrifugal force can be shown in equation (4).

F =0.367°n° ()

In Equation (4): N is the rotational speed of the seed disk, r/min.

As shown in Figure 7, when seeds enter the tank, the population will have a vertical and disk pressure
on the seeds in the tank, and the positive pressure of the population on the seeds can be found as shown in
equation (5).

T

Fy

Fig. 7 - Left view of seeds under force in the groove

F, =Fcosa (5)

In Equation (5): Fn is the positive population pressure, N; F is the Total population pressure, N; a is the
angle between the groove bevel and the disk surface (°)
The friction force is shown by equation (6):
f = uFcosa (6)
In Equation (6): K is the Friction coefficient.

Substitute formula (4)(5)(6) into formula (3), it is obtained:
0.36mz°n” = uF cosa +F,
= (7)
mg =
cos B
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Force analysis through formula (7), the seeds in the tank are mainly affected by the rotation speed of
the seed disk itself. When the height of the seed baffle is adjusted, the seeds move from the bottom to the
surface when the height of the seed layer is fixed, the total pressure of the population on the seeds in the tank
becomes smaller, the angle B becomes smaller, the seeds are subjected to greater force by the wall of the
tank, the surface velocity of the seed layer increases, the number of seeds in the set area increases, and the
disturbance becomes more obvious.

Particle seed modeling and motion simulation

In this paper, Zhengdan 958 corn seed was used for simulation. After preliminary screening, the seed
was divided into four shapes: big circle, big flat, small circle and small flat. After modeling in SolidWorks, the
seed was imported into EDEM for multi-spherical particle filling, the modeling and filling effects are shown in
the figure 8.

a. Large flat b. Large circle ¢. Small circle d. Small flat

Fig. 8 - Zhengdan 958 maize seed model

The relevant mechanical properties and characteristic parameters of corn seeds and seed disks are
shown in Table 1 with reference to relevant literatures (Liu et al., 2015).

Table 1
Physical characteristics and contact parameters of maize seed and seed disk

Contact form

Collision recovery

Coefficient of static

Coefficient of

coefficient friction dynamic friction
Seed and seed 0.182 0.431 0.0782
Seed disk and seeds 0.621 0.459 0.178

Due to the irregular shape of corn seeds and the lack of adhesion on the surface of grains, the Hertz-
Mindlin (no slip) model was chosen (Shi et al., 2015).

The particle size distribution was normal, and the mean value of the normal size distribution parameter
was 1 and the standard deviation was 0.05. The particle factory was set to generate four kinds of particles
respectively. In order to improve the solving calculation speed, the model was simplified when imported, the
redundant parts were deleted, and key contact parts such as shell and seed disk were retained. Set the rotation
speed of the seed disk to 20.7, 24.9, 29.1 and 33.3 r/min respectively.
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Set the number of corn seeds in Figure 2 according to the total number of 800 and the ratio of 5:3:1:1,
respectively, and generate them according to the total number of 500 per second, ensuring that the number of
seeds generated can fill the seed inlet, as shown in Figure 9.

c.disk C

b. disk B
Fig. 9 - The simulation process of each seed disk

a. disk A

The solution setting adopts Euler time integration, with a Rayleigh time step of 2x10-¢ seconds, the totall
simulation time is 7 seconds, and the particle generation time is less than 1 second. The generation is
completed, and the seeding disk is set to start rotating at 1 second. Therefore, in the analysis interface, only
the particle motion speed of 1 to 7 seconds and the number of seeds in the divided area need to be extracted.

Summary of simulation results

The disturbed seed tank can break the static state of population accumulation, and the seeds at the
bottom can be moved upward in the process of movement, and the seeds near the seed layer can leave the
surface of the seed layer through the disturbed seed tank, increasing the degree of seed dispersion. Therefore,
the average velocity of seeds and the number of seeds entering the area above the seed layer were used as
indicators to reflect the degree of species disturbance of the population. As shown in Figure 10, this article
analyzes each disk at a speed of 19 r/min when the forward speed of the implement is 12 km/h.

In the post-processing, the simulation data of 1~7 s is extracted at a time interval of 0.4 s. The results
show that the average speed of different kinds of disks fluctuates greatly, and the average speed of A disk
mainly ranges from 0.005 to 0.02 m/s, while the average speed of B and C disks does not fluctuate.

0. 025 1

| —m— A
/
0. 020 1 A—C

L/
. \_\. / N

| ] _-n
—m

—a—0—0 6 0—2—0 60 6 & 0 0—R—0

o) (=]

(@] (o]

[t —

(<] (&)
1 1

Average population speed(m-s'l)

(e o

(=) (e}

(=} o

S [$2}
1 1

1

2

3

4

5

6

7

Time step/s

Fig. 10 - The fluctuation of the average velocity of the population of each seed disk with time

As time changes, it can be seen that the number in disk B and disk C is 0, indicating that the seed disk
cannot bring the seeds into the area above the seed layer, and there is no obvious disturbance. As shown in
Figure 11, the number of seeds above the seed layer of disk A fluctuated from 18 to 24, and there was obvious
disturbance above the seed layer and the number was relatively stable, maintaining a stable filling state in the
filling area.
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Fig. 11 - Number of seeds in each disk area at a speed of 12km/h

In general, with the increase of the rotation speed of the seeding disk, the average speed of the overall
population increased. As shown in Figure 12, the average speed of the population of disk A was greater than
5x10-3m-sat each rotation speed, and could reach more than 0.01 m/s at high speed, and the population
speed increased gently, while the speed of disk B was not much higher than that of disk C. Compared with
disk A, it is found that the disturbance condition is disk A > disk B > disk C.
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Fig. 12 - The average speed of the population at different seed disk speeds

In summary, the seed disturbing tank of disk A has a large disturbance ability, which can significantly
increase the average speed of the population, reduce the internal friction of the seeds, drive the seeds away
from the seed layer, and the seed disturbing effect is stable, which is conducive to the seed adsorption on the
mold hole, and the seed filling performance of disk A is the best.

RESULTS
Bench test
Test materials and equipment

The selected seed was ungraded Zhengdan 958 corn seed with a 1000-grain weight of 330 g and a
water content of 12%. In order to facilitate observation, the seed metering device is processed with a
transparent shell, and the trial-produced seed metering disk is installed on the pneumatic high-speed precision
seed metering device. The seed metering device is installed on the seed metering test bench of JPS-12,
Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Areas. The plant distance and
forward speed are set by the self-developed intelligent monitoring system of the seeder, and the speed is
adjusted by the motor, The device is shown in the figure 13.
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Fig. 13 - Seeding test bench
1. Profile racks; 2. Seed box; 3. Electrical machinery; 4. Seed metering device; 5. Air inlet port; 6. Seed feeding port

Test method

In the performance test of the seeding disk, Operation forward speed setting 10, 12, 14, 16km/h, and
the working positive pressure was set to 3, 3.5, 4kPa. Marks were marked on the seeding disk to record the
number of laps. The recording area started when the mold hole left the seed layer and ended at the highest
position of the seeding position. The average value was repeated for 3 times as the test result.

Analysis of test results

It can be seen from Figure 14(a) that at the speed of 12km/h, the pass rate of disk A increases with the
increase of air pressure, while the leakage rate of disk A decreases with the increase of air pressure in Figure
14(b). There is little difference between disk A and disk B within the range of 3.5~4 kPa, and the performance
of disk A is higher than that of disk B, and the leakage rate of disk C is the largest. It can be seen from Figure
15(b) and (c) that with the increase of speed, the leak rate of disk C is the largest. When the rotation speed is
16 km/h, the leak rate of disk C is more than 8 percentage points higher than that of other disks, while the

replay rate is the smallest. The reason for the above test results is that the groove disturbance performance
of disk A is the best, which is conducive to the seed filling of mold holes.
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Fig. 14 - Filling performance under different positive pressure at speed of 12 km/h

It can be seen from Figure 15(a) that the pass rate of disk A increases at the speed of 10~12 km/h,
while the pass rate of disk C decreases at the speed of 12~16 km/h, among which the pass rate of disk C is
the least. The result is that in a certain speed range, the appropriate increase of the speed makes the
disturbance larger, and the seed disk can be better filled, so the pass rate is higher. Under high-speed
operation, the centrifugal force on the seeds becomes larger, and it is easy to miss sowing, resulting in an
increase in the miss sowing rate and a decrease in the qualified rate. Because there is no seed disturbing
effect, the seeds are immovable under high-speed operation, and the interaction force between the populations

is greater, and the seeds are difficult to adsorb. Therefore, the qualified rates of the seeds are much different
from those of disk A and disk B.

321



Vol. 72, No. 1 / 2024 INMATEH - Agricultural Engineering

1.87
144 .
2 4 == 4
Hﬁ% :>< “;2 124 = ég / 1.6 . /
o —e— B A d
= b .2 —m— A
B 941 50 5 i B
= — . £ g 1.0 S
€ 92 DA = B
% \ § 61 A= . .‘?0' 61
= o ‘\ 3 41 E 0. 44 _/
E gg{ —om B & '\\ :
<o —A—C \ = 24 0.2 = ‘—j‘\.
861 A 0 — 0.0 s
0 11 12 13 14 15 16 10 11 12 13 14 15 16 0 1 12 13 14 15 18
Seed disc speed/(r-min’) Seed disc speed/(rmin™) Seed disc speed/(r-min™")
a. Qualification index b. Missed seeding index c. Replay index

Fig. 15 - Seed filling performance under different seed disk rotation speed of 3.5kPa

Validation test

In order to verify the seeding performance of the installation of A disk seeding device, according to GB/T6973-
2005 "Test Method for Seeder”, the qualified rate, missing seeding rate and reseeding rate of seeds were
taken as test indexes, and the full factor test of the rotation speed of the seed disk and the given positive
pressure were carried out. The test results are shown in Table 2.

Table 2
Full factor test results
Operatklrlrw]g/;hspeed Barotr/okpplg value Miss seeding rate/% | Replay rate/% | Pass rate/%

10 3 5.42 0 94.58
10 35 5.13 0.21 96.66
10 4 1.25 0.63 98.12
12 3 5.21 0 94.79
12 35 1.88 0.42 97.7
12 4 1.46 0.63 97.91
14 3 11.25 0.21 88.54
14 35 5.83 0.63 93.54
14 4 3.96 1.04 95

16 3 11.88 0 88.12
16 35 6.67 0.21 93.12
16 4 4.17 0.42 95.41

According to the test results of the A-type seed disk, when the operating speed is 10~12 km/h and the
positive pressure is 33.5 kPa, the leakage rate is no higher than 5.42%, the replay rate is no higher than 0.42%,
and the qualified rate is no less than 94.58%. When the operating speed is 14~16 km/h and the positive
pressure is 3.5~4 kPa, the leakage rate is not higher than 6.7%, the replay rate is not higher than 1.04%, and
the pass rate is not lower than 93.12%. All the indicators are better than the national standard.

CONCLUSIONS

(1) In order to investigate the effect of population disturbance on the leakage of seed metering device,
two indexes were established for population disturbance. Through simulation, it was found that the population
velocity of disk A was the largest, the number of seeds entering the area above the seed layer was the largest,
and the degree of disturbance was the largest.

(2) The comparative test of the three seed arrangement disks used in the simulation with the same
speed and different pressures and the same pressure and different speeds found that the seed disturbing
performance of disk A was the best, which made the seeds more easily pressed on the mold hole, and the
disturbance performance of disk A > disk B > disk C.

(3) The full factor test of speed and pressure was carried out on the best designed seed disk. At the
operating speed of 16 km/h, by adding grooves to increase the disturbance, the leakage rate was reduced by
8 percentage points compared with the smooth disk without any disturbance. When the operating speed is
10~12 km/h and the positive pressure is 3~3.5 kPa, the leakage rate is no higher than 5.42%, the replay rate
is no higher than 0.42%, and the qualified rate is no lower than 94.58%. When the operating speed is 14~16
km/h and the positive pressure is 3.5~4 kPa, the leakage rate is not higher than 6.7%, the replay rate is not
higher than 1.04%, and the pass rate is not lower than 93.12%. All the indicators are better than the national
standard.
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