
Abstract 
A pneumatic precision wheat seed metering device was 

designed to improve the uniformity of wheat sowing. The struc-
ture and working principle of the seed metering device were 
described, and the effects of the shape, diameter, depth, number, 
and distribution of seed-distributing holes on the negative pressure 
at the seed-distributing holes were analyzed, leading to the deter-
mination of the optimal working parameters. The factors directly 
influencing the negative pressure at the seed-distributing holes 
were identified through an analysis of the forces acting on the 
seeds in the seed filling zone. A prototype of the seed metering 
device was fabricated and subjected to bench tests. The designed 
seed metering device achieved a qualified rate of 90.7%, a replant-
ing rate of 4.8%, and a missed sowing rate of 4.5%, meeting the 
agronomic requirements for wheat sowing. This study provides 
theoretical guidance and parametric references for the design of 
future pneumatic wheat seed metering devices. 

 

Introduction 
Wheat, as one of the most crucial staple crops globally (Yu, 

2009; Zhang et al., 2018), serves as the primary food source for 
nearly one-third of the world’s population. Precision sowing, an 
agricultural technology that significantly enhances planting effi-
ciency and crop yields, has become a key research area for profes-
sionals within the agricultural machinery industry worldwide. As 
a core component of precision sowing technology, seed metering 
devices are classified into mechanical and pneumatic types based 
on their operational principles (Li et al., 2023). Compared to 
mechanical seed metering devices, pneumatic seed metering 
devices are characterized by their ability to prevent seed damage 
and their suitability for high-speed, precision sowing operations, 
making them increasingly popular (Li et al., 2025; Tang et al., 
2023). However, research into optimizing the use of such devices 
remains limited.  

Guarella and colleagues (1996) conducted both theoretical and 
experimental investigations into the pneumatic seed metering 
device for small-sized seeds, determining the optimal air pressure 
values for seed-distributing disks with varying hole diameters. To 
address the poor sowing performance of pneumatic seed metering 
devices, Singh et al. (2005) optimized the structural design and 
validated, through field trials, that the improved seed metering 
device met the sowing requirements for large-scale field opera-
tions. Li and his team (2015) developed a pneumatic seed meter-
ing device for oilseed crops, utilizing a self-designed “inverted 
square cone” hole configuration in the seed-distributing drum, 
coupled with a combined airflow seed cleaning and air pressure 
seed protection mechanism. Wang et al. (2009) designed a dual-
suction-hole pneumatic drum-type seed metering device and con-
ducted experiments to optimize and adjust the device’s operational 
parameters. Shi and his team (2020) developed a precise seeding 
device featuring an automatic reseeding mechanism, which can 
autonomously reseed, thus significantly improving the seeding 
quality. Xing et al. (2015) introduced a layered seed filling cham-
ber to enhance the seed flowability within the seed box, thereby 
improving the seed disc’s ability to adsorb seeds. While these 
studies provide insights into the optimization of air pressure and 
seed metering device structures, there is limited research address-
ing the combined effects of these factors. The interactions 
between air pressure, the shape, diameter, depth, and number of 
seed-distributing holes, and their collective influence on the per-
formance of the seed metering device remain underexplored. 
Additionally, there is a lack of detailed discussion on how the 
working parameters affect the operational efficiency of the seed 
metering device.  

This study aims to design a pneumatic precision wheat seed 
metering device. The structural parameters of the seed-distributing 
disk, including hole shape, depth, diameter, number, and airflow 
slot width, have been optimized. The paper systematically inves-
tigates the impact of three key operational parameters -disc rota-
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tion speed, negative pressure, and the tilting angle of the disk- on 
seed dispensing performance, ultimately determining the optimal 
working parameters for the device.  

 
 
 

Materials and Methods  
Experimental materials 

The experimental seeds used were Chuanmai 104 wheat seeds, 
which are commonly used in the Sichuan region of China and are 
representative of local wheat varieties. The pneumatic precision 
wheat seed metering device mainly consists of a seed box, seed-
distributing disk, negative pressure chamber, and seed metering 
shaft, with its structure shown in Figure 1. 

 
Experimental method 

By measuring the physical parameters of the wheat seeds, the 
basic physical properties of the wheat were obtained. These data 
serve as the parametric basis for subsequent simulation experi-
ments. 

 
Determination of basic physical parameters of 
wheat seeds 

Through the measurement of multiple groups of wheat seeds, 
the basic physical parameters of the wheat seeds were obtained 
(Jadhav et al., 2020; Yasir et al., 2012). The average three-axis 
dimensions (length × width × height) of the wheat seeds, measured 
using a digital caliper, were found to be 6.48 × 3.58 × 3.13 mm. 
The thousand-grain weight of the wheat seeds, measured using an 
electronic balance, was 49.21 g. The density of the wheat seeds 
was determined to be 0.243 g/cm³ using the drainage method. The 
moisture content of the wheat seeds was measured to be 7.58% 
using the drying method, as per GB/T 3453.6 standards. The shear 
modulus and Poisson’s ratio of the wheat seeds were obtained as 
18.31 MPa and 0.26, respectively, using a CMT1103 universal 
testing machine and the following formula. 

                                                                    

(Eq. 1)

 
 

where: E is the elastic modulus; F is the normal force; A is the con-
tact cross-sectional area between the wheat seed and the test 
machine’s compressing surface; d is the axial deformation of the 
seed under force; L is the initial axial length of the seed when no 
force is applied; Fj is the shear force; To is the depth at which the 
seed is penetrated by the tool; T is the thickness of the seed; and m 
is the Poisson’s ratio of the seed. Since the seed metering device is 
made from aluminum alloy and 45 steel, the static and kinetic fric-
tion coefficients of the wheat seeds were measured by placing the 
seeds on inclined surfaces made from these materials. In the static 
friction coefficient measurement, the wheat seed was placed sta-
tionary on the material plate, and the plate was gradually raised 
until the seed began to move. The angle between the plate and the 
horizontal surface at this point was recorded. 

 
m2 = tan a                                                                            (Eq. 2) 

 
In the equation, m2 represents the static friction coefficient, and 

a is the angle of the inclined surface when the seed tends to slide. 
The method for measuring the kinetic friction coefficient is 

similar to that for the static friction coefficient, except that in this 
case, the seed is initially placed on an inclined surface with a cer-
tain angle. Due to gravity, the seed rolls down the inclined surface. 
This process is recorded using a high-speed camera. The initial 
position of the seed is marked as point 1, a certain point during the 
seed’s motion is marked as point 2, and the next frame, showing 
the position of the seed after it has moved further along the surface, 
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Figure 1. Schematic diagram of the seed metering device structure. 1. Seed box; 2. seed box connecting plate; 3. adjustment scale plate; 
4. sealing brush; 5. seed box end housing; 6. brushing plate; 7. seeding support pipe; 8. adjustment spring; 9. stirring shaft; 10. conical 
gear plate; 11. seeding shaft bearing, 12. seeding shaft; 13. seeding disc; 14. negative pressure air groove; 15. negative pressure end hous-
ing; 16. seeding shaft sprocket.



is marked as point 3. The kinetic friction coefficient of the seed 
with different materials is calculated using the following formula: 
                                                                                                         

                    

(Eq. 3)

    
 
In the equation, m represents the mass of the seed, g is the 

gravitational acceleration, h1 is the vertical height of the seed’s ini-
tial position, h2 is the vertical height at point 2, v is the speed of the 
seed at point 2, s is the distance between point 1 and point 2, m1 is 
the kinetic friction coefficient, Ds is the displacement between 
point 2 and point 3, and Dt is the time interval between point 2 and 
point 3. 

The seed’s restitution coefficient with different materials is 
determined by the ratio of the height the seed rebounds after falling 
from a certain height to the height from which it was dropped. This 
process is recorded using a high-speed camera. The restitution 
coefficient is then calculated using the following formula: 

                                                                                                  

                    

(Eq. 4)

    
 
In the equation, e is the coefficient of restitution, ve is the 

velocity of the seed after colliding with the material, vs is the 
velocity of the seed before collision, g is the gravitational acceler-
ation, He is the maximum height the seed rebounds to after colli-
sion, and Hs is the initial drop height of the seed. 

The measured coefficient of restitution, kinetic friction coeffi-
cient, and static friction coefficient for seed-seed, seed-aluminum 
alloy, and seed-45 steel are 0.308, 0.0978, 0.682, 0.332, 0.0761, 
0.422, 0.439, 0.0634, and 0.449, respectively. 

 
Seed particle model 

By observing the shape of the wheat seeds and measuring their 
three-axis dimensions, a 3D model of the wheat seed was created. 
The model was then imported into EDEM software, where the 
software’s default spherical particle filling method was used to 
establish the seed particle model (Figure 2). 

 

Seed metering disc design 
In traditional pneumatic seed metering devices, two types of 

seed-distributing holes are typically selected based on the charac-
teristics of the seeds: when the seeds are lightweight, have minimal 
shape variation, and do not require high vacuum levels, a flat-
shaped hole can be used; whereas, when the seeds are heavier, 
exhibit greater shape variation, and require mechanical assistance 
for seed suction, mechanical structures such as scoop-shaped holes 
or frustum-shaped holes are more appropriate (Chen et al., 2019; 
Leng et al., 2023; Zhu et al., 2023). 

Due to the small size, light weight, and relatively regular shape 
of wheat seeds, the holes on the seed metering disc can be designed 
as flat suction holes. The schematic diagram of the seed metering 
disc structure is shown in Figure 3. In the diagram, the diameter of 
the installation hole is denoted as q1, the distance between the 
holes and the center of the seed metering disc is q2, the diameter of 
the holes is d3, the diameter of the seed metering disc is q1, and the 
curvature of the seed filling area is q4. 

 
Diameter of the seed metering disc 

The diameter of the seed metering disc is one of the key 
parameters of the seed metering device structure. It directly affects 
the installation positions of other components and the overall 
structural dimensions. During the seed filling process, the longer 
the holes on the seed metering disc remain in the seed filling area, 
the longer the seed filling time, which in turn increases the seed 
filling success rate and enhances the seed filling performance. The 
calculation formula for wheat seed filling time is as follows: 

 

                   

(Eq. 5)

 
                                                                                                 

where: t1 is the seeding time (s); q4 is the curvature of the filling 
area (rad); n1 is the rotational speed of the seeding disc (r/min). 

From the calculation formula for seed filling time t1, it can be 
concluded that the filling time is only related to the rotation speed 
of the seed metering disc and the curvature of the filling area. 
Increasing the diameter of the seed metering disc will increase the 
curvature of the filling area, which leads to an increase in the num-
ber of holes that can be set on the seed metering disc. Based on 
design experience, the diameters of the seed metering discs used in 
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Figure 2. Wheat seed, 3D model, and particle model. Figure 3. Structure diagram of seed plate.



traditional seed metering devices typically range from 140 to 260 
mm (Chen et al., 2020). Considering that wheat seeds are small 
and have a regular shape, 1~2 rows of holes can be arranged on the 
seed metering disc. Therefore, the final diameter selected for the 
seed metering disc is 240 mm. 

 
Hole shape on the seed metering disc 

The distance from the edge of the seed metering disc to the 
center of the hole is generally 15~20 mm, and the distribution 
diameter of the holes is usually between 100~230 mm. Wheat 
seeds are small in size, so the position of the holes is set 15 mm 
from the edge of the seed metering disc at the outermost side of the 
hole diameter. 

The shape of the holes on the seed metering disc has a signifi-
cant impact on the negative pressure difference at both ends of the 
holes, directly influencing the quality of seed filling (Du and Liu, 
2023). Fluent software was used to simulate and analyze different 
hole shapes, selecting the optimal shape based on the comparison 
of airflow velocities inside the holes (Wang et al., 2020). To ensure 
the validity of the comparison, only the shape was modified in the 
simulation model, while the hole depth and maximum diameter 
parameters were kept constant. The simulation parameters are as 
follows: the k-epsilon model was selected in the “Viscous” section, 
the inlet pressure at both ends of the hole was set to 0 kPa, the out-
let pressure to -3 kPa, the fluid was set as air (incompressible), the 
viscosity was set to 1.7894×10-⁵  Pa·s, the specific heat capacity 

was 0.0242, and 300 iterations were calculated. The simulation 
results are shown in Figure 4. 

From the analysis of the simulation results, it can be concluded 
that the maximum flow velocity at the outlet of the frustum-shaped 
hole and the cylindrical hole is almost identical. However, the gas 
flow velocity in the cylindrical hole remains uniform at around 70 
m/s, while the airflow speed near the large circular end of the frus-
tum-shaped hole decreases significantly, which negatively impacts 
the adsorption of wheat seeds. The “I”-shaped hole has the highest 
outlet flow velocity, but the airflow distribution inside the hole is 
highly irregular. Compared to the frustum-shaped hole, the gas 
flow speed at the edges of the “I”-shaped hole decreases more sig-
nificantly, which is even less beneficial for seed adsorption. 
Additionally, the “I”-shaped hole is difficult to process in thinner 
seed metering discs. After comprehensive consideration, the cylin-
drical hole is selected as the optimal choice. 

 
Hole diameter on the seed metering disc 

The diameter of the holes on the seed metering disc is crucial 
for the negative pressure within the holes. When the negative pres-
sure in the chamber is constant, if the hole diameter is too small, 
the negative pressure in the holes increases, enhancing the seed 
suction capability per unit area. However, this reduces the suction 
area, which can cause large seeds to miss planting and small seeds 
to double plant. Conversely, if the hole diameter is too large, the 
negative pressure decreases, preventing seeds from being properly 
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Figure 4. Airflow velocity cloud diagram of the hole on the seed metering disc.

Figure 5. Airflow velocity cloud diagram for different hole depths.



suctioned. Therefore, matching the hole diameter with the seed 
size is essential. The hole diameter is determined based on the seed 
size, using the empirical formula: 

 
d3 = (0.64 ~ 0.66)W                                                          (Eq. 6) 

 
where W is the average width of the wheat seed. From the previous 
section, the average width of Chuanmai 104 wheat seed is 3.58 
mm. Using the formula, the hole diameter range is calculated to be 
2.29 to 2.36 mm. Given the narrow range, 2.3 mm is chosen. 

 
Hole depth design 

The depth of the holes also corresponds to the thickness of the 
seed metering disc. To explore the effect of different hole depths 
on the suction capability for wheat seeds, Fluent software is used 
for simulation. The optimal hole depth is selected by comparing 
the airflow velocity inside the holes. For consistency, only the hole 
depth is modified in the simulation model, while the hole diameter 
and shape remain unchanged. The simulation parameters are as 
follows: inlet pressure is set to 0 kPa, outlet pressure to -2 kPa, the 
fluid is air (incompressible), viscosity is 1.7894×10-5 Pa·s, and 
specific heat capacity is 0.0242. The simulation results are shown 
in Figure 5, where it can be seen that different hole depths have 
almost no effect on the airflow velocity at the inlet, which remains 
between 56 and 58 m/s. Considering the overall structure of the 
seed metering device and the need for the seed metering disc to 
deform closer to the air groove edge under suction conditions, the 
hole depth and the thickness of the seed metering disc are selected 
as 1.5 mm. 

 
Design of hole distribution and quantity 

The number of holes on the seed metering disc is one of the 
most critical structural parameters. If the seeding speed and hole 
diameter are fixed, fewer holes require a higher rotation speed for 

the seed metering device, reducing seed filling time and potentially 
causing seeds to fall out due to collisions, leading to lower quali-
fied seed filling rates. Conversely, more holes slow down the seed 
metering device’s rotation, extending the seed filling process. 
However, too many holes increase the total cross-sectional area, 
raising the suction negative pressure, which can overburden the 
fan, sometimes preventing it from meeting the suction require-
ments (Liu et al., 2024). Therefore, a reasonable number of holes 
ensures good seeding performance. The calculation formula for the 
number of holes on the seed metering disc is as follows: 
                                                                                                       

                 

(Eq. 7)

      
 
where: Z is the number of holes on the seed metering disc; S is the 
wheat planting spacing (m); Mz represents seeds per hectare 
(seeds); Q is the seed rate per hectare (kg/hm2); q represents thou-
sand seed weight (g); Dd is the number of seed rows in the operat-
ing width; Bc is the operating width of the seeder (m); d4 is the seed 
metering disc diameter (m); Vc is the seeder working speed (m/s);    
ξ is the seeder wheel slip ratio (0.05~0.12); V1 is the linear speed 
of the distribution circle of the holes on the seed metering disc 
(m/s). According to the Agricultural Machinery Design Handbook 
(Chinese Academy of Agricultural Mechanization Sciences, 2007), 
the line speed of the seed hole distribution circle on the seed meter-
ing disc should generally not exceed 0.35 m/s, as exceeding this 
limit would significantly impair the seed metering performance. 
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Table 1. Levels and factors of the simulation experiment. 

                Width of the airflow groove A/(mm)                Diameter of the hole B/(mm)                               Number of holes C/(unit) 

1                                                   10                                                                             1.8                                                                                   24 
2                                                   15                                                                             2.3                                                                                   36 
3                                                   20                                                                             2.8                                                                                   48 
 

Table 2. Simulation experiment plan and results. 

Test number                                                                     Factor                                                     Airflow velocity in the hole y(m/s) 
                                                                 A                          B                               C                                                       

1                                                                         1                               1                                    1                                                         51.6 
2                                                                          1                               2                                    2                                                         49.1 
3                                                                          1                               3                                    3                                                         47.3  
4                                                                          2                               1                                    2                                                         57.9 
5                                                                          2                               2                                    3                                                         54.5 
6                                                                          2                               3                                    1                                                         51.4 
7                                                                          3                               1                                    3                                                         47.9 
8                                                                          3                               2                                    1                                                         47.4 
9                                                                          3                               3                                    2                                                         45.3 
y                                           K1                       148                         157.4                             150.4                                                          
                                             K2                      163.8                         151                              152.3                                                          
                                             K3                      140.6                         144                              149.7                                                          
                                              R                    7.733333                 4.466667                       0.866667                                                       



During precision wheat sowing, the seed sowing rate typically 
ranges from 105 to 135 kg/hm². The seeder’s working width is 
selected as 1200 mm, with an operating speed of 3 km/h and 10 
seed rows (Ali et al., 2010; Boström et al., 2012). Based on the 
aforementioned parameters, the calculated number of seed holes 
on the seed metering disc falls within the range of 33.51 to 46.55. 

To further explore the structural parameters of air-suction pre-
cision wheat seeders and obtain the optimal parameter combina-
tion, factors such as air groove width, hole diameter, and number 
of holes are selected for experiments. Using the air velocity of the 
hole farthest from the negative pressure port in the seed filling area 
as the test indicator, an L9(34) orthogonal table is used for a three-
factor, three-level orthogonal experiment in Fluent software (Yu, 
2019). The factors and levels table are shown in Table 1. 

A negative pressure airflow field model of the seed metering 
device is established. The air groove width is the width of a single 
airflow field after simplification, also the width of the negative 
pressure port. The model is saved in x_t. format and imported into 
Workbench. The simulation parameters are as follows: the k-
epsilon model is selected in the “Viscous” section, the holes are set 
as the inlet with 0 kPa pressure, the negative pressure port as the 
outlet with -2 kPa pressure, other surfaces as walls, the fluid is air 
(incompressible), viscosity is 1.7894´10–5 Pa·s, and specific heat 

capacity is 0.0242. After 300 iterations, the simulation results are 
shown in Figure 6, and the experiment scheme and results are in 
Table 2. From the range analysis, it can be seen that the sequence 
of factors affecting airflow velocity is as follows: air groove width 
> hole diameter on the seed metering disc > number of holes on the 
seed metering disc. The factor-criterion diagram for the results of 
this experiment is shown in Figure 7. To improve the index levels, 
the optimal combination of parameters should be selected. 
According to the Index-factor diagram, the optimal parameter 
combination obtained is A2B2C2, meaning the air groove width is 
15 mm, the hole diameter on the seed metering disc is 2.3 mm, and 
the number of holes is 36. 

 
Force analysis in the seed filling area 

For wheat seeds in the seed filling area of the seed metering 
device, a sufficient pressure difference is required to generate an 
adhesion force strong enough to allow the seed metering disc to 
exert sufficient friction to counteract other forces. The state of 
adhesion means that the wheat seeds are in force equilibrium. 
When the seeds are being filled, the force analysis diagram for a 
single wheat seed when adhered to the hole on the seed metering 
disc is shown in Figure 8. 
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Figure 6. Airflow velocity cloud diagram of the hole on the seed metering disc.



For the seed filling stage, the adhesion force required to hold 
a single wheat seed in the hole must satisfy the following: 

 

                    

(Eq. 8)

 
 
In the formula: 

                    

(Eq. 9)

                                                                                                        
where: Hx is the negative pressure in the hole (Pa); Sx is the area 
of the hole (m2); N is the adhesive force exerted by the seeding disc 
holes on the wheat seed (N); d3 is the diameter of the hole (m); V 
is the combined force of friction force Ff, centrifugal force Fc and 
gravity Gm acting on the wheat seed (N); c is the distance from the 
wheat seed’s center of mass to the plane of the seeding disc (m); θ1 
is the angle between U and Gm (°); Vl is the linear velocity of the 
hole distribution circle (m/s); G is the acceleration due to gravity, 
assumed as 9.8 (m/s2); Gm is the gravity acting on the wheat seed 
(N); Ff is the frictional force exerted by the seeding disc on the 
wheat seed (N); Fc is the centrifugal force experienced by the 
wheat seed when the seeding disc rotates (N); U is the combined 
force of friction force Ff and centrifugal force Fc (N). 

The negative pressure in the hole is: 
                                                                                                 

  

(Eq. 10)

 
 

where: K1 is the seeder working reliability coefficient, ranging 
from 1.6 to 2.0 and K2 is the reliability coefficient of seed suction, 
ranging from 1.8 to 2.0. 

Based on the analysis, the maximum value of Hx can be 
achieved when K1, K2, and cosθ1 are maximized. The maximum 
value of the negative pressure iin the hole is: 

 

                                     
(Eq. 11)

 
In the formula: 
 

                  (Eq. 12)  
 

where: Hxmax is the maximum negative pressure in the hole (Pa); τ 
is the wheat comprehensive friction coefficient; ψ is the natural 
repose angle of wheat (°). From Eq. 11 it can be concluded that the 
negative pressure in the hole is only related to the hole diameter, 
seed metering disc rotational speed, and the material properties of 
the wheat seed. 

 

Optimization of seeder work parameters 
Test equipment and preparation 

The experiments use Chuanmai 104 wheat seeds, with seed 
spacing between 0.16 to 0.27 m. The tests are conducted on an air-
suction precision wheat seed metering device. The air pressure at 
the holes is monitored and measured using a wind speed, pressure, 
and airflow testing device. The seed metering disc rotation speed 
is controlled by a motor-driven chain sprocket, and the tilt angle of 
the seed metering device is adjusted by altering the fixture posi-
tion. The seed metering test rig is shown in Figure 9. 

 
Test factors and indicators 

During the operation of the air-suction precision wheat seed 
metering device, different operating parameters will result in vary-
ing work quality. To further explore the seed metering quality of 
the air-suction precision wheat seed metering device, a study was 
conducted on the impact of different working parameters on the 
seeding results. The test factors include hole negative pressure, 
seed metering disc rotational speed, and tilt angle of the seed 
metering device, with the test indicators being the qualified rate 
index, multiple index, and missed index. A quadratic regression 
rotating orthogonal test was conducted, and the experimental data 
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Figure 7. Index-factor diagram.

Figure 8. Schematic diagram of the force analysis on the seed.



was subjected to regression analysis to establish regression equa-
tions. Response surface analysis was performed to optimize the 
test data and determine the optimal combination of operating 
parameters for the seed metering device. 

Hole negative pressure: when the hole negative pressure is low, 
the adhesion force generated at the holes is weak, causing wheat 
seeds to either fail to adhere to the seed metering disc or fall off 
with slight vibrations, leading to a high missed index. As the neg-
ative pressure increases, the wheat seeds gradually adhere to the 
seed metering disc, resulting in an increase in the qualified index 
and a decrease in the missed and multiple indices. However, when 
the negative pressure further increases, the adhesion force becomes 
strong enough to hold multiple wheat seeds, causing a more signif-
icant rise in the multiple index beyond 1150 Pa. The overall opti-
mal effect is observed within the 850~1150 Pa range. 

Seed metering disc rotational speed: Preliminary experiments 
found that when the seed metering disc speed is low, the time the 
holes spend in the filling area increases, causing multiple wheat 
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Figure 9. Test bench for the air-suction precision wheat seed 
metering device. 1. Wind turbine control system; 2. pneumatic 
wheat precision seeder; 3. seeder performance testing stand; 4. 
wind speed and airflow meter.

Figure 10. Response surface.



seeds to adhere to the holes, resulting in a high multiple index. As 
the speed increases, the situation improves, but if the speed 
becomes too high, the time spent in the filling area becomes too 
short, leading to the wheat seeds not having enough time to be suc-
tioned before the holes move to the carrying area, significantly 
increasing the missed index. The qualified index and multiple 
index decrease as a result. When the seed metering disc speed is 
between 40 and 50 r/min, the qualified index of the air-suction pre-
cision wheat seed metering device exceeds 80%, indicating good 
seeding performance. 

Tilt angle of the seed metering device: It was observed that 
when the tilt angle is negative, some wheat seeds, due to gravity, 
flow toward the holes, causing multiple seeds to adhere to the 
holes, resulting in a higher multiple index. As the tilt angle increas-
es from zero, the number of seeds at the holes decreases, and the 
missed index rises. When the tilt angle is 0° (i.e., the seed delivery 
pipe is vertical), the qualified index of the air-suction precision 
wheat seed metering device exceeds 80%, demonstrating good 
seeding performance. 

The seeding quality indicators are processed according to the 
national standard of the People’s Republic of China, Norm GB/T 
6973-2005 (General Administration of Quality Supervision, 2005). 

 
Orthogonal experiment 
Orthogonal experiment design 

The experimental factors include hole vacuum pressure, seed 
metering disc rotation speed, and inclination angle, while the 
experimental indicators are qualified index (X), missed seeding 
index (Y), and multiple seeding index (Z). A three-factor quadratic 
regression rotational orthogonal experiment was conducted, and 
the factor levels and coding are shown in Table 3. 

Experimental results and analysis 
The orthogonal experiment plan and results are shown in Table 

4 (A, B, and C represent the factor level values, while X, Y, and Z 
represent the missed seeding rate, multiple seeding rate, and qual-
ified rate, respectively). The data from Table 4 were fitted with 
multiple regression analysis using Design-Expert software, and the 
regression analysis of variance is shown in Table 5. 
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Figure 11. Parameter optimization analysis.

Table 3. Test factors and levels. 
Level                                                                                                                      Factor 
                   Negative pressure of the hole A (Pa)             Rotation speed of the seed tray B（r/min）                      Tilt Angle C（°） 

-1.682                                             664                                                                                      36.6                                                                             -18.5 
-1                                                    800                                                                                       40                                                                                -11 
0                                                    1000                                                                                      45                                                                                 0 
1                                                    1200                                                                                      50                                                                                11 
1.682                                             1336                                                                                     53.4                                                                             18.5 
 

Table 4. Test result. 
Number                    Factor                       X(%)   Y(%)       Z(%)            Number                  Factor                        X(%)        Y(%)  Z(%) 
                         A          B            C                                                                                  A              B       C                                                     

1                           -1            -1              -1               79.8        14.2              6                                                                                                                                     
2                            1            -1              -1               73.4        24.8            1.8                      13            0                 0     -1.682                   83.8             10.3       5.9 
3                            -1            1              -1               83.6         9.8             6.6                      14            0                 0      1.682                   79.9              5.1        15 
4                            1             1              -1               82.4         8.4             9.2                      15            0                 0         0                       87.8              5.3        6.9 
5                            -1            -1              1                76.3        15.1            8.6                      16            0                 0         0                       91.6              2.4         6 
6                            1            -1              1                74.3        19.2            6.5                      17            0                 0         0                       86.8              5.7        7.5 
7                            -1            1               1                79.2         2.7            18.1                     18            0                 0         0                       90.1              4.6        5.3 
8                            1             1               1                85.4         4.2            10.4                     19            0                 0         0                       90.7              5.1        4.2 
9                        -1.682         0               0                81.6         3.7            14.7                     20            0                 0         0                       90.5              4.7        4.8 
10                       1.682         0               0                77.8        19.1            3.1                      21            0                 0         0                       92.1              4.1        3.8 
11                          0         -1.682           0                69.7        14.8           15.5                     22            0                 0         0                       88.6              5.5        4.9 
12                          0         1.682           0                70.1        22.3            7.6                      23            0                 0         0                       93.5              2.4        4.1 
  



The regression equations for the qualified index X, missed 
sowing index Y, and re-sowing index Z are as follows: 

 

     

(Eq. 13)

 
 
The order of factors affecting the qualified index is: seed 

metering disc rotation speed, inclination angle, and hole vacuum 
pressure. The order of factors affecting the missed seeding index 
is: seed metering disc rotation speed, hole vacuum pressure, and 
inclination angle. The order of factors affecting the multiple index 
is: hole vacuum pressure, inclination angle, and seed metering disc 
rotation speed. 

Using Design-Expert software, response surface analysis of 
the experimental data was conducted, showing the effects of the 
interactions between hole vacuum pressure, seed metering disc 
rotation speed, and inclination angle on the qualified index, missed 
seeding index, and multiple seeding index, as shown in Figure 10. 
The average qualified index obtained from the experiment was 
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Table 5. Analysis of variance of regression equation. 

Test index                 Source of variance             Sum of squares               Degree of freedom                   F                                   P 

Qualified rate                                  A                                           7.02                                             1                                     0.88                                 0.3641 
                                                        B                                          55.27                                            1                                     6.97                                0.0204* 
                                                        C                                           8.16                                             1                                     1.03                                 0.3289 
                                                       AB                                        22.44                                            1                                     2.83                                  0.1164 
                                                       AC                                         17.4                                              1                                     2.19                                 0.1624 
                                                       BC                                         0.18                                             1                                    0.023                                0.8826 
                                                        A2                                        152.56                                           1                                    19.23                              0.0007** 
                                                        B2                                        684.48                                           1                                    86.28                             <0.0001** 
                                                        C2                                         86.89                                            1                                    10.95                              0.0056** 
                                              Residual error                              103.14                                          13                                                                                   
                                                 Lack of fit                                  66.45                                            5                                      2.9                                  0.0877 
                                                      Error                                       36.69                                            8                                                                                    
                                                  Sum total                                 1128.26                                         22                                                                                   
Missed rate                                      A                                         118.58                                            1                                    75.26                             <0.0001** 
                                                        B                                          28.12                                            1                                    17.85                              0.0022** 
                                                        C                                          13.52                                            1                                     8.58                                0.0168* 
                                                       AB                                        26.64                                            1                                    16.91                              0.0026** 
                                                       AC                                         1.62                                             1                                     1.03                                 0.3371 
                                                       BC                                         5.45                                             1                                     3.46                                  0.096 
                                                        A2                                           85                                               1                                    53.95                             <0.0001** 
                                                        B2                                        372.35                                           1                                   236.33                            <0.0001** 
                                                        C2                                         16.04                                            1                                    10.18                               0.0110* 
                                                      ABC                                       11.05                                             1                                     7.01                                0.0266* 
                                                      A2B                                       225.8                                            1                                   143.31                            <0.0001** 
                                                      A2C                                        0.68                                             1                                     0.43                                 0.5267 
                                                      AB2                                       24.67                                            1                                    15.66                              0.0033** 
                                              Residual error                               14.18                                            9                                                                                    
                                                 Lack of fit                                   1.76                                             1                                     1.14                                 0.3174 
                                                      Error                                       12.42                                            8                                                                                    
                                                  Sum total                                 1038.37                                         22                                                                                   
Multiple rate                                    A                                         67.28                                            1                                    40.79                              0.0002** 
                                                        B                                          31.21                                            1                                    18.92                              0.0024** 
                                                        C                                          41.41                                            1                                     25.1                               0.0010** 
                                                       AB                                         0.18                                             1                                     0.11                                  0.7496 
                                                       AC                                         8.41                                             1                                      5.1                                  0.0539 
                                                       BC                                         3.65                                             1                                     2.21                                 0.1754 
                                                        A2                                         21.47                                            1                                    13.02                              0.0069** 
                                                        B2                                         64.38                                            1                                    39.03                              0.0002** 
                                                        C2                                         43.78                                            1                                    26.54                              0.0009** 
                                                      ABC                                       19.22                                            1                                    11.65                              0.0092** 
                                                      A2B                                       83.63                                            1                                     50.7                              <0.0001** 
                                                      A2C                                        0.14                                             1                                    0.085                                0.7783 
                                                       A22                                        13.57                                            1                                     8.23                                0.0209* 
                                                      A2B2                                       15.53                                            1                                     9.42                                0.0154* 
                                              Residual error                                                                                                                                                                           
                                                 Lack of fit                                                                                                                                                                              
                                                      Error                                        13.2                                              8                                                                                    
                                                  Sum total                                  412.38                                          22                                                                                   
*p<0.05,**p<0.01. 



78.38%, the average missed seeding index was 12.41%, and the 
average multiple index was 9.21%. 

 
Parameter optimization 

By optimizing the data through software, the optimization plan 
set the qualified index to be greater than 89%, and the missed seed-
ing index and multiple seeding index to be less than 5.5%. The 
software calculated the optimal parameter range, as shown in 
Figure 11. When the inclination angle is 0°, the yellow region rep-
resents the best parameter zone, with a seed metering disc rotation 
speed of 43.8~47 r/min and a hole vacuum pressure of 960-1040 
Pa, which satisfies the optimized conditions for the qualified 
index, missed seeding index, and multiple seeding index. 

 
Validation experiment 

The optimized parameters were verified through a test stand 
experiment, where the seed metering disc rotation speed was set to 
45 r/min, hole vacuum pressure to 1000 Pa, and inclination angle to 
0°. Five repeated tests were conducted to validate the optimization 
results. The results showed that the average qualified index of the 
air-suction wheat precision seed metering device was 90.7%, the 
average missed seeding index was 4.8%, and the average multiple 
seeding index was 4.5%. Compared to the pre-optimization results, 
the average qualified index increased by 15.7%, the missed seeding 
index decreased by 61.3%, and the multiple seeding index decreased 
by 51.1%, which largely met the optimization expectations. 

 
 

Conclusions 
This study designs an air-suction wheat precision seed meter-

ing device. The diameter of the seed metering disc, hole position, 
number of holes, and hole diameter are determined through theo-
retical calculations and empirical formulas. 

Based on Fluent software, the internal gas flow field of the air-
suction wheat precision seed metering device was simulated and 
tested. The optimal dimensional parameter combination for the 
seed metering disc was determined: cylindrical holes with a depth 
of 1.5 mm, a diameter of 2.3 mm, 36 holes, and a gas flow slot 
width of 15 mm. The influence sequence of the gas flow slot width, 
hole diameter, and number of holes on the airflow velocity through 
the holes was also determined. 

A second-order regression rotational orthogonal experiment 
was conducted for three factors: hole negative pressure, seed 
metering disc speed, and inclination angle. The impact order of 
these factors on the qualification rate, missed seed rate, and multi-
ple seed rate was obtained. Corresponding regression equations 
were calculated and analyzed. The data were optimized using soft-
ware, with the conditions that the qualification index be greater 
than 89% and both the missed seed rate and multiple seed rate be 
less than 5.5%. The optimal operational parameters were found to 
be inclination angle of 0°, seed metering disc speed of 43.8-47 
r/min, and hole negative pressure of 960-1040 Pa. 

A bench test was conducted with the optimized parameters: 
inclination angle of 0°, seed metering disc speed of 45 r/min, and 
hole negative pressure of 1000 Pa. The results showed that, com-
pared to the pre-optimization parameters, the average qualification 
index increased by 15.7%, the average missed seed rate decreased 
by 61.3%, and the average multiple seed rate decreased by 51.1%, 
demonstrating the ideal outcome of the optimization. 
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