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Abstract: In order to solve the problems of high labor intensity and low production efficiency in
the cultivation of hemp in hilly areas, the seed arrangement performance of self-propelled hemp
seeders was studied. According to the cultivation mode of hemp for the fiber industry in Yunnan,
Sichuan, and other hilly areas, the seed metering device for the hemp industry was designed, the seed
metering mechanism of hemp was analyzed, and the theoretical value range of design parameters of
its key components was determined. The row of kind of wheel speed is obtained by single factor
experiment, hole diameter and hole depth and uniformity of the seed, the seed of change rule, on the
basis of the quadratic regression orthogonal rotation combination test, two indexes of the regression
model, using the regression model of the design parameter optimization, and seeder row of kind of
verification test, the results show that: when the rotation speed of the metering wheel was 90.0 r/min,
the diameter of the hole was 10.4 mm, and the depth of the hole was 6.4 mm, the coefficient of
variation of seeding uniformity of seeding machine was less than 45%, and the coefficient of variation
for consistency of seed quantity in each row was less than 8%. The operation of the self-walking
industrial hemp seeder met the requirements of fiber industrial hemp planting in hilly areas.

Keywords: industrial hemp; seeder; metering device; experimental research

1. Introduction

Industrial hemp is an annual non-toxic herbaceous plant belonging to Cannabaceae. It
has no psychoactive and drug utilization value with a THC (tetrahydrocannabinol) content
of less than 0.3%. Industrial hemp is rich in nutrients with high economic use value. It
is mainly divided into fiber type, seed type, and medicinal type by usage, and is widely
used in textile, food, medicine, health, daily chemical, and other fields [1,2]. According to
statistics from China’s Bureau of Statistics and the Food and Agriculture Organization of the
United Nations, China has the world’s largest industrial hemp cultivation area, accounting
for about 50% of the world’s total industrial hemp cultivation area. The industrial hemp
industry is controlled by strict laws in China, and its legal cultivation area is mainly located
in the Yunnan and Heilongjiang provinces of China. The mechanized planting area of
industrial hemp is principally divided into the plain with vast territory and large seeding
area, and the hills and mountains with little cultivated land and scattered seeding plots. The
plain generally utilizes large-scale seeders or coating film seeders for work [3,4]. The hills
and mountains generally utilize small and medium-sized seeders for work. Nevertheless,
due to the lack of specialist industrial hemp seeders for fiber use, the planting of industrial
hemp for use in fiber in hilly areas is still predominantly manual or semi-mechanical, as
there is a lack of professional joint seeders for industrial hemp. The fibrous industrial hemp
in the mountains and hills area is suitable for dwarf dense planting, and the main planting
type is stripe sowing, with a total seeding quantity of 57.6~62.4 kg/hm?, row spacing
of 150~250 mm, and sowing depth of 30~80 mm. The existing industrial hemp seeder
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is mainly suspended, with large width and large turning radius. Consequently, it is not
suitable for hilly and mountain operations, and the total seeding quantity does not meet the
agronomic requirements [3-5]. Seeders are not only an essential element of the mechanized
planting of industrial hemp but also an inevitable way to propel the production efficiency
of industrial hemp [6,7]. It is urgent to develop a self-propelled seeder suitable for planting
fiber industrial hemp in mountains and hills areas.

The seed metering device is the core part of the seeder. An efficient and reliable seeder
is the key to ensuring the working quality and efficiency of the seeder [8-10]. According to
the working principle, the seed metering device is divided into mechanical and pneumatic
types [11-13]. Pneumatic seed metering devices have good adaptability to seeds, high
precision of single seed metering, and low seed damage rate. Nevertheless, its complex
structure, high energy consumption, and easy sealing can be affected by machine vibration,
leading to strict requirements for the working environment. The mechanical seed metering
device has the advantages of simple structures, strong versatility, and easy to achieve dense
seeding [14-16], which has become the first choice for mechanized seeding of hemp for
the fiber industry in hilly and mountainous areas. The fiber industrial hemp shape ellipse,
small particle size, lightweight, researchers worldwide have conducted numerous studies
on small size seed metering devices. For instance, Wang et al. [17] designed a central roller
seed arrangement device to address the common problems of high damage rate and low
seeding accuracy in the rice seeding process, researched the influence of roller speed on seed
arrangement performance, and improved the applicability to different seeds by replacing
rollers with shaped holes. To meet the requirements of high speed and precision seeding
of corn seeder, according to the material characteristics of flat corn seeds, Liu et al. [18]
designed a horizontal disc metering device with an inclined longitudinal rectangular hole to
make the metering plate. With this device, the forward chamfer and side chamfer produced
vertical force on the seeds, which slowed down the time for the seeds to leave the metering
plate and improved the metering performance. Ibrahim Ethem Giiler et al. [19] researched
the influences of shaped hole diameter, actual working length, and rotational speed on the
filling rate and seeding uniformity of the alfalfa seed metering device. The results indicated
that the seeding performance is better when the diameter of the hole, the working length
of the metering wheel, and the rotational speed of the metering wheel are 6.0~8.0 mm,
15.0~25.0 mm, and 20.0~40.0 r/min, respectively. Singh, R.C. et al. [20] researched the
influence of cone taper of seed tray-type holes on seeding quality. As indicated from the
results, the missed seeding index and replay seeding index was 1.3% and 4%, respectively,
when the seeding disc velocity, vacuum degree, and cone angle were 0.42 m/s, 2 kPa, and
120°. Arzu Yazgi et al. [21] researched the effects of seed metering devices with different
numbers of holes on cotton and maize seeding plate. Singh et al. [22] used electronic control
metering system to monitor and give feedback on the seeding process of the precision
metering devices in real-time, which reduced the miss-seeding rate and improved the
seeding quality.

As revealed from the mentioned research, optimizing the hole structure of seed meter-
ing devices improves seed filling and seed metering performance effectively. Mechanized
planting technology for small grain crops such as rice and maize has mainly been mature,
However, research on industrial hemp seeding devices is extremely rare. In this paper,
according to the technical requirements of industrial hemp planting. A self-propelled in-
dustrial hemp seeder was designed. The structure, working principle, and key components
of the seeder were introduced. We studied the design parameters of the rotational speed of
the metering wheel, the hole diameter, and the hole depth, and identified these as the main
influencing factors of our hypothesis. We then carried out the parameter optimization test.

2. Structural Principle and Design Requirements
2.1. Structure of Machine and Seed Metering Device

As shown in Figure 1a, the self-propelled industrial hemp seeder was mainly com-
posed of a Dynamic chassis system, Seeding and fertilizing system, Ditch seeding system,
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Seeding and fertilizing system

and control systems. The matching power of the seeder is 6.3 kW, the weight of the whole
machine is 350 kg, the breadth is 1.1 m, it can sow 3~6 rows, the seed depth is 30~80 mm, it
can open the trench 3~6 rows, the working speed is 2~5 km/h, the total of seeding quantity
is 57.6~62.4 kg/hm?, Fertilizer application rate is 50~125 kg/hm?, rear-wheel drive seeding
operation, compact machine structure, light and compact weight, small turning radius, can
complete the furrowing, sowing, fertilization, and other processes.

Dynamic chassis system

Fertilizer box

-

Fertilizer dis-charger

Fertilizer axis

Seed metering device —

Seed metering axis :

(a) (b)

Figure 1. Self-propelled industrial hemp seeder. (a) Whole structure (b) Seeding and fertilizing system.

Figure 1b shows the metering and fertilization system of the self-propelled industrial
hemp seeder, mainly composed of a fertilizer box, fertilizer applicator, seed applicator,
fertilizer applicator shaft, and seed applicator wheel. The power is input into the metering
and fertilization system through the power chassis system to drive the seed applicator and
fertilizer applicator to work and realize the seeding function. According to the agronomic
requirements of the hemp fiber industry in mountainous areas, the metering mechanism
adopts the hole wheel metering device, which can install 3~6 metering devices. Each
metering device is installed parallel through the metering shaft, convenient for adjusting the
row spacing. The seed metering shaft and fertilizer metering shaft are chain transmissions
to ensure synchronous seed metering and fertilization operation.

As the core component of the metering and fertilization system, the working perfor-
mance of the metering device directly determines the working quality of the seeder. The
type hole wheel seed metering device mainly comprises a box cover, seed box, flexible
baffle, inoculation cup, seed cleaning brush, seed protector, and seed metering wheel, as
shown in Figure 2. There are several shaped holes in the radial direction of the metering
wheel that are concentrically coordinated with the metering shaft. The brush and seed
protection plate connect with the shell thread through the nut.

Case cover

Seed box Seed cleaning brush

Flexible baffle

Seed protection tablets

Seeding wheel
Inoculation cup

Figure 2. Type hole wheel seed metering device.
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2.2. Seeding Mechanism

When the seed metering device works, the seeds mainly pass through the four sections
of the filling area I, clearing area II, protecting area III, and throwing area IV, as shown
in Figure 3. The power is driven by the transmission system’s input metering shaft to
drive the metering wheel’s rotation. The seeds in the seed box gradually form a dynamic
circulating seed group from the aggregation static state driven by the metering wheel.
Under the combined action of gravity, metering wheel friction, and side seed pressure, the
seeds are ‘scooped’ from the hole’s edge into the hole to complete the filling. The seeds
of industrial hemp encapsulated in the hole were rotated along with the rowing wheel.
When the seeds were rotated to the brush with the roller, the brush and the rowing wheel
would row the seeds back to the seed box through mutual friction to complete the seed
cleaning. Then the seeds left in the hole continued to rotate with the metering wheel under
the protection of the seed plate and rotated to the falling point to fall under the action of
gravity to complete the protection and seeding.

Seed
deaning
brush
Seed

protection __|
tablets

Metering wheel

Industrial Seed .
hemp seeds | metering
device

enclosure

T

Vaccination 4 fj-\
cup

Figure 3. Operation process of seed metering device.

2.3. Metering Quantity Requirement

Whether the seeding quantity can meet the requirements of industrial hemp planting is
the key to the design of the seeder. Referring to “Hemp crop production machinery’ [23], to
meet the requirements of fiber industry hemp planting in hilly and mountainous areas, the
self-propelled industrial hemp seeder must be strip-seeded. The amount of fiber industry
hemp planting needs to reach 57.6~62.4 kg/hm?, and the working efficiency is above
60.0 hm? /h. Based on the operating width of the seeder being 1.1 m, the operating speed is
4.7 km/h, and seeding three rows at a time, the walking distance of the machine operation
1.0 hm? is about 9.1 km. The corresponding seed rate g and total seeding quantity Q should
meet the Formula (1), and the seed rate g is 165.3~179.1 g/min.

Ly

t=—
vy 1)

Q = 3qt

where L; is the moving distance of 1.0 hm? of machinery operation, km; ¢ is the time
required for the machine to move 1.0 hm?, h; g is the amount of seed metering device,
g/min; Q is total seeding quantity, kg/hm?; v, is the operating speed of the machine, km/h.

3. Parameter Design and Analysis of Critical Components of Seed Metering Device
3.1. Basic Parameters of Industrial Hemp Seeds

As the basic parameters of industrial hemp seeds, triaxial size, and the three-dimensional
size of the seed are important references for designing the shape and size of the hole [24-26].
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Among them, the 1000-seed weight is an important index to measure the seed quantity of
the seed metering device, which refers to the absolute quality of 1000 industrial hemp seeds
without impurity and damage. Therefore, industrial hemp seeds’ shape, size, 1000-grain
weight, and moisture content were determined.

In this study, “Long Ma 3” belongs to the main fiber-based promotion product in
China, and the self-propelled industrial hemp seeder needs to realize the precision seeding
of fiber-based industrial hemp. Therefore, we choose “Long Ma 3” as the research object,
and in order to minimize the adverse effects of different sizes of seeds on the operation
of the seeder, we selected 100 seeds to measure their length, width, and thickness and
repeated them five times. The electronic balance and moisture content tester measured
the seeds” 1000-grain weight and moisture content. The average 1000-grain weight and
moisture content were obtained through five repeated experiments. The results indicated
that the seed shape of “Long Ma 3” was approximately elliptical, the average moisture
content was 7.6%, and the average thousand-seed weight was 15.1 g. The coefficient of
variation of length, width, and thickness were 1.3%, 1.2%, and 1.0%, respectively. The size
difference between seed materials is microscopic. Table 1 shows the measurement results.

Table 1. Three axis sizes of industrial hemp seed.

Parameter Mean Value/mm Maximum Value/mm Coefficient of Variation/%
Length 3.9 42 13
Width 3.0 3.2 1.2

Thickness 24 2.5 1.0

3.2. Parameter Design of the Metering Wheel

The design mainly includes the diameter and thickness of the metering wheel, the
shape, diameter, depth, the number of holes, and the rotation speed of the metering
wheel [27]. Figure 4 shows the schematic diagram of the metering wheel structure. The
structure of the hole-wheel seed metering device on the market was measured as a reference,
and the thickness of the seed metering wheel were designed to be 20.0 mm.

Figure 4. Structure of metering wheel. Note: D is the diameter of the metering wheel, mm; / is the
hole depth, mm; 6 is the cone angle of the hole, °; Ap is the distance between adjacent holes, mm; B is
the thickness of metering wheel, mm.

3.2.1. Diameter of Metering Wheel

The diameter of the metering wheel is the primary structural parameter of the me-
tering device, which determines the structural distribution of the metering device and
the structural size of other components [28]. It is an essential factor affecting the filling
performance. The diameter of the metering wheel should meet the following formula.

v, = mDn
{nD =ZAp @
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where v, is the line speed of the metering wheel, m/s; d is the diameter of the metering
wheel, mm; 7 is the rotational speed of the metering wheel, and r/min; z is the number of
circular holes.

It can be seen from Formula (2) that under certain conditions, the larger the diameter
of the metering wheel is, the longer the seed retention time in the seed filling area, and
the more the number of holes can be increased to improve the filling quality. However,
when the rotation speed of the metering wheel is constant, the larger the diameter of the
metering wheel is, the greater the linear velocity is. When the linear velocity exceeds the
relative velocity of the filling limit, it will affect the filling quality. Reducing the diameter
of the metering wheel can reduce the linear velocity of the metering wheel but making it
too small will lead to an increase in the curvature of the metering wheel and reduce the
seed filling efficiency [29]. Therefore, referring to the current research results of the hole
metering device and combining it with the previous test results, the diameter of the seed
row wheel is 40.0~60.0 mm.

3.2.2. Hole Design

The seed length of “Long Ma 3” is greater than the width, and the width is greater than
the thickness. According to the minimum potential energy principle, the seed is more likely
to be encapsulated into the hole in a “flat” posture [30,31]. Considering that “Long Ma 3" is
elliptical, it is convenient for the seed to fall out of the hole smoothly. The designed hole is
cone-shaped, and the cone angle of the hole is 45°. To ensure that the hole of the metering
wheel can fill more seeds at one time, the diameter of the hole should be at least two seeds
at the same time. The hole diameter should be greater than the sum of the maximum length
of the industrial hemp seed and the maximum width of the seed and less than two-thirds of
the thickness of the metering wheel. The structural strength of the metering wheel should
be ensured to prevent damage to the metering wheel at high speeds and affect the metering
performance. The hole depth should be satisfied so that the multi-seeds can fully enter the
hole in the overlapping state. Considering the posture of the seed being encapsulated into
the hole, the hole height should be twice the maximum thickness of the seed. The hole
diameter and depth should meet Formula (3) [32].

2
(Lmax + Hmax) <d< §B
2
(Lmax +wmax) <d< gB (3)
2Hmax < h
h<d

where Ly, is the maximum length of industrial hemp seed, mm; fimayx is the maximum
seed thickness of industrial hemp, mm; wmax is the maximum seed width of industrial
hemp, mm.

The maximum length, width, and thickness of the “Long Ma 3” seed were 4.1 mm,
3.2 mm, and 2.5 mm, respectively. Comprehensive formula, the hole’s diameter, and depth
should meet 6.7 mm < d < 13.0 mm and % > 5.0 mm.

Ap Z 2Lmax (4)

According to the maximum seed length of 4.1 mm, the distance between the holes
should be greater than 8.2 mm. The general plant spacing of industrial hemp strip seeding
is 10.0 mm, and the linear speed of the hole wheel is generally not more than 0.3 m/s.
The operating speed of the known seeder is 4.7 km/h, and the number of holes meets the

Formulas (5) and (6) [33].

_ oy,
Z= So, (5)

Vo = wD (6)
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where S is the theoretical spacing, mm; w is the angular velocity of the metering wheel,
rad/s, vy is the linear velocity of the metering wheel, m/s.

Combined with the Formulas (2) and (4)—(6), the number of holes in the metering
wheel is 8.8 < Z <17.9, and the angle between adjacent holes is taken as integral as possible
to facilitate processing. The number of holes in the metering device is designed to be 10.

3.2.3. Speed of Seeding Wheel

The filling effect of the seed metering device directly affects its seeding performance.
Whether the seed falls into the hole smoothly depends on the relative motion between the
seed and the metering wheel. The speed of the metering wheel will affect the filling effect.
The seed filling process is a dynamic system consisting of the gravity of the seed itself, the
inter-species force, the positive pressure between the seed and the metering wheel, the
sliding friction force, and the rolling friction force. It is a complex process to separate the
seed from the population. In order to obtain the theoretical value range of speed of the
seed metering wheel, the expanded kinematic analysis of the seed filling process is shown
in Figure 5.

Figure 5. Kinematic analysis diagram of seed filling into the shaped hole. Note: v, is the ultimate
relative velocity of the seed successfully entering the shape hole, m/s; Lmax is the maximum length
of the seed, mm; g is the acceleration of gravity, m/s.

The Formulas (7) and (8) should be satisfied between the hole’s limit relative velocity
and the rotational speed when the seed is in the X-axis’s transverse direction and the
Y-axis’s vertical direction [32].

vwzvr(d—lﬂzmx> Lg (7)
max
2mtn
“=60 ®)

Comprehensive Formulas (6)—(8) The value formula of the rotational speed of the

metering wheel (9)
30 Lmax g
< — —
"=T7R ((d 2 ) Lmax) ©)

where 7 is the rotational speed of the metering wheel, r/min; r is the radius of the metering
wheel, mm.

The diameter of the metering wheel was 60.0 mm, the diameter of the hole was
6.7 mm < d < 13.0 mm, and the maximum length of the seed was 4.2 mm, which was
substituted into Formula (9) to obtain 69.7 r/min < n < 155.1 r/min.

3.2.4. Seed Cleaning Process Analysis

Seed cleaning is the premise to ensure the precision of seed arrangement. The indus-
trial hemp seeds in the holes are cleaned out by brush to ensure the number of holes filled
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into the seeds. When more than two seeds were filled, the seeds could not be filled entirely
into the hole. A small part of the seeds was filled into the hole, and most of them were
exposed outside. Then the seed cleaning was completed under the impact of the cleaning
brush. The cleaning process is simplified to facilitate the force analysis of the seed cleaning
process [34]. In the theoretical analysis of the cleaning process, it is assumed that the impact
force of the cleaning brush on the seed is a single force, and the friction force between the
seed and the hole wall is negligible. The following mechanical model was established.

Figure 6 shows the cleaning process. When a seed passes through the filling area
and reaches the cleaning area, the seed is unstable and falls back to the filling area under
the impact of the flexible brush. The seeds are jointly affected by the centrifugal F,, and
friction f of the seeds in the hole, the extrusion force F; of the population, the impact force
Fc of cleaning seeds, and the gravity G; of the seeds themselves. The condition for the
seeds to leave the hole under the scouring force of the brush is as follows: under a certain
angular velocity, the seeds need to leave the population for discrete motion. A rectangular
coordinate system centered on the centroid of the seed is established. and the equilibrium
equation of seed force is as follows

Fccos 1 > fcosvyq (10)
Fcsin By + Fy cosy1 + mw?R cosy1 > Gy + Fj cosq

where F¢ is seed cleaning impact force, N; B; is the angle between the x-axis direction and
the brush impact force, N; v is the clearing angle, (°); m, average 1000-grain weight of
seeds, g; g1 is the population resultant force of seeds during seed cleaning, N; f is the
centrifugal force on seeds during seed conservation, N; f is interspecies friction, N; f1 was
extrusion force, N.

Cleaning brush

Seed protection
tablets

Industrial hemp
seeds

Metering wheel

Figure 6. Seed cleaning process analysis.
Comprehensive Formula (10):

F—mw?R —F, — f

Fc > G+ ( o571

) (11)

It can be seen from Equation (11) that under the premise of ensuring the reliability
of seed cleaning, when the centrifugal force, friction force f and support force F;, of seeds
are constant, the larger the population extrusion force and the smaller the included angle,
the greater the seed cleaning impact force Fc. The larger the angle between the two types
of holes is, the greater the 7 is, that is, the smaller the seed cleaning force is, so the angle
between the type holes should not be too large.
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3.2.5. Analysis of the Process of Seed Protection and Seed Arrangement

In order to reasonably design the diameter of the seeding wheel and avoid the phe-
nomenon of carrying seeds, feeding seeds, and rubbing seeds between the hole and the seed
protection chip in the process of seed protection, ensure the stability of seed transportation
in the process of seed protection, and analyze the stress of the seeds in the process of seed
protection. Figure 7 shows the process of seed protection.

Seed protection
tablets

Industrial hemp
seeds

Metering wheel

Figure 7. Analysis of seed protection process.

A specific lateral seed in the hole was taken as the research object to facilitate the
theoretical analysis of the seed protection process. If the radial resultant force acting on the
seed in the hole were less than the centrifugal force, the seed would produce a movement
trend from the bottom to the outside, making the seed contact with the seed protection
chip. It was easily damaged by the friction force generated by the seed protection plate
on the seed. Therefore, the force of the seed in the seed protection process should meet
the formula:

ZPyZO, Gycosyp,+F —F, =0
YF =0, Gysiny,—F=0

F,b=f-Ncosy; (12)
F, = mrw?
Gy =mg

where G; is the gravity of the seed in the process of conservation, N; 7, is the seed protection
angle, (°); f2 is the resultant force of interaction force between seeds during seed protection,
N; F, is the centrifugal force of seeds during seed protection, N is the normal reaction, N; r
The distance between the centroid of the seed and the center of the runner, mm.

From Formula (12):

" \/g(cos 72 +sinya) 13
r

The results showed that when the protecting angle 7y, was constant, the smaller the
diameter of the seed row wheel was, that is, the smaller the distance from the centroid of
the seed to the circular rotation center of the shaped hole was, and the larger the angular
velocity of the seed row wheel was, the greater the effect of the seed guard plate on the
seed was. In order to reduce seed breakage, the diameter of the seed row wheel should
be increased.

To further explore the influence of seed row wheel diameter on seed row, the seed
row process was analyzed, as shown in Figure 8. The type of hole cannot arrange seeds
smoothly, which will directly affect the precision of the seed metering device and cause
uneven seed metering. In order to determine the conditions of seed arrangement, the stress
analysis was carried out in the process of seed arrangement.
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Metering wheel

Seed protection tablets

Industrial hemp seeds

Figure 8. Analysis of seeding process.

The seeds fall under the action of centrifugal force and gravity. The seed group in
the hole is regarded as a rigid whole, and its geometric center is its centroid. The xOy
rectangular coordinate system is established. Assuming that the interaction between seeds
is ignored during seeding, the plane velocity can be decomposed into the horizontal velocity
vy and the vertical downward velocity v, and the seed trajectory equation is obtained as
follows [35]:

X = vt
gt

Y = vt + S

vyt + 5
Vy = v-sinvy3 (14)
Uy =U-CO8Y3

nmR
V=—+

30

where X is horizontal displacement, mm; vy is the horizontal component of seeding speed,

m/s; t for seeding time, s; y is the displacement in the vertical direction, mm; v, is the verti-

cal component of seeding speed, m/s; 3 is the seeding angle, (°); v is seeding speed, m/s.
From Formula (14):

X — nmR sin y3t
30
5 (15)
y — n7R cos y3t " gt
30 2

To prevent the seeds from a collision with each other when the seeds are entirely
separated from the hole in the hole and fall from the adjacent hole, it is necessary to meet
the below formula. 5

R t t

30 2 16
nR (16)

30

In the formula: 3 is the seed angle, (°); t; is the time of seed detachment, s; 0 is the
rotation angle of the metering wheel after the seed is detached from the hole, (°).

According to the analysis of the seed arrangement process, when the structural param-
eters of the seed arrangement wheel are constant, the speed of the seed arrangement wheel
can be appropriately increased in order to reduce the time for the seed to leave the shaped
hole; when the rotation speed of the seeding wheel is constant, the time of seed escaping
from the shaped hole is related to the seeding angle. To some extent, the larger the seeding
angle is, the larger the diameter of the shaped hole is, and the time of seed escaping from
the shaped hole is relatively smaller. Therefore, based on the analysis of the process of seed
protection and seeding, the designed seed row diameter is 60.0 mm.

Based on the above analysis, referring to the number of holes of seed row wheel type
8.8 < Z <17.9, considering the convenience of processing adjacent holes, the included angle

9=
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should be rounded as far as possible. The number of holes of seed row type is 10, and the
included angle of the two holes is 36°. The rotation speed, hole depth, and hole diameter
of the seed row wheel should meet the requirements of 69.7 r/min < N < 155.1 r/min,
6.7 mm < d < 13.0 mm, and & > 5.0 mm, respectively.

4. Test and Verification of Seed Metering Device
4.1. Test Purpose

The rotational speed of the metering wheel, the depth of the hole, and the diameter
of the hole are necessary conditions to ensure the quality of the metering. Referring to
the relevant industry standards of performance test of the seeder, the bench test of the
industrial hemp seeder was carried out with the rotational speed of the metering wheel, the
depth of the hole, and the diameter of the hole as the test factors, and the seeding amount
and the uniformity of the row as the test indexes. The multi-factor test was carried out to
obtain the optimal parameter group of the seed metering device to explore the influence of
these three factors on the uniformity of seed metering and the consistency of each row. The
verification test was conducted to test whether the self-propelled industrial hemp seeder
meets the agronomic requirements of fiber industrial hemp planting.

4.2. Test Equipment and Materials

Main equipment: JPS-12 seeding performance test bench; scale (range 3 m, precision
1 mm); vernier caliper (range 150 mm, accuracy 0.1 mm); steel ruler (measuring range
200 ¢cm, accuracy 1 mm); cup (500 mL); dT-2235A rotational speed instrument (accuracy
0.01 r/min); hX2002T electronic balance scale (weighing range 2000 g); each camera, com-
puter, and timer.

The bench test was conducted in the Agricultural Mechanization Engineering Training
Center of Hunan Agricultural University, Choose the “Long Ma 3” (Institute of Bast Fiber
Crops, Chinese Academy of Agricultural Sciences, Changsha, China) as test seeds. The
test bed primarily comprises a JPS-12 seeding performance test bed, control table, and hole
wheel metering device. The plate-fixed metering device is used in the seeding performance
test bed. Figure 9 shows the test devices. The control panel tested the operation parameters
such as the rotation speed of the metering wheel, the conveying speed of the seedbed belt,
and the oil flow rate.

JPS-12 Seeding Control table Hole-wheel Seedbed belt  Oil port
performance test bench metering device

Figure 9. JPS-12 Seeding performance test bench.

4.2.1. Parameter Optimization Test

According to ‘GBT 9478-2005 Test Method for Grain Strip Planter” [36] the design of
the hole wheel metering device was taken as the test object. The single factor test was
carried out with the rotational speed of the metering wheel, the hole’s depth, and the hole’s
diameter as the test factors, and the variation coefficient of the uniformity of the metering
and the metering amount as the test indexes. The influence of various factors on the meter-
ing performance of industrial hemp was sought. As mentioned in Section 2.2, the parameter



Appl. Sci. 2022,12, 8079

12 of 22

design results were 6.7 mm < d < 13.0mm, 7 =5.0 mm, 69.7 r/min < n < 155.1 r/min, and
the operating speed of the seeder was set as 4.7 km/h, the rotational speed of the metering
wheel was designed as 70.0~110.0 r/min, the diameter of the hole was 9.0~13.0 mm, and
the depth of the hole was 4.5~8.5 mm. Three groups of horizontal tests were repeated. In
the experiment, 5.0 m on the conveyor belt of the test bench was taken as the measure-
ment section, and the number of seeds in the ten groups of 0.5 m long areas was randomly
counted to obtain the variation coefficient of seeding uniformity. The seed metering amount
was obtained by measuring the average quality of the seeds rowed for 1 min when the seed
metering device worked steadily.

4.2.2. Parameter Optimization Test

After the single factor test, the influence relationship between rotation speed, hole
diameter, and hole depth on seed row quantity and variation coefficient of seed row unifor-
mity was obtained, and the value range of experimental factors in the multi-factor test was
obtained under the premise that the total of seeding quantity was 57.6~62.4 kg/hm?. The
seeding device’s optimal structural and working parameters were obtained to further ex-
plore the influence of the interaction of various factors on the seeding device’s performance.
The rotation speed of metering wheel X, the diameter of hole X; and the depth of hole X3
were taken as the test factors, and the variation coefficient of seeding uniformity Y; and the
coefficient of variation for consistency of seed quantity in each row Y, were taken as the
evaluation indexes for the multi-factor test. The coefficient of variation for consistency of
seed quantity in each row was randomly selected 5 m as the test area, and the quality of
each line of industrial hemp seeds was obtained to calculate the coefficient of variation for
consistency of seed quantity in each row in the test area. The ternary quadratic orthogonal
rotation combination test was used, and the data processing and statistical analysis were
carried out by Design-Expert 11.0 software. The optimal parameter group of the seed
metering device was obtained, and the performance verification test of the self-propelled
industrial hemp seeder was carried out.

4.3. Evaluation Indicators

According to the national standard ‘GB9478-2005 test method of grain strip planter,’
the variation coefficient of seeding uniformity and the coefficient of consistency of each
row were selected as evaluation indexes. Seeding uniformity measures the uniformity of
the seed’s longitudinal distribution in the row, which needs to be less than or equal to
45.0%. Formula (19) shows its calculation. The coefficient of variation for consistency of
seed quantity in each row’s displacement refers to the consistency degree of each row’s
displacement under the same conditions. It is the main index to measure the quality of
crop field distribution, which should be less than or equal to 8%, as shown in Formula
(22). To a certain extent, the smaller the variation coefficient of seeding uniformity and the
coefficient of variation for consistency of seed quantity in each row, the better the seeding
performance of the metering device.

Y. Z;

Z="=; (17)
-\ 2
_ | LZi=7)
Z=\"TNoT (1)
Co = Sz./Z x 100% (19)

where Z is average number of seeds per segment; Z; is the number of seeds per segment; Sz;
is the standard deviation; N is the total number of segments, taking 10; Cy, is the variation
coefficient for seeding uniformity, %.

—_ L4

qi "

(20)
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a; = S,/ % 100% (22)

where 7j is average number of seeds per row; g; is the number of seeds per row; S; is the
standard deviation; n is the number of rows, take 3; «; is the consistency coefficient for each
row, %.

4.4. Single Factor Test Results
4.4.1. Effect of the Rotational Speed of the Metering Wheel on Each Index

Figure 10 shows the single-factor test results of the influence of the rotation speed of the
metering wheel on seeding performance. The results showed that when the hole diameter
was 11 mm and the hole depth was 6.5 mm, the variation coefficient of seeding uniformity
decreased first and then increased with the increase in rotational speed of the metering
wheel. The seed metering quantity increased with the rise of the rotation speed of the
metering wheel. The seed metering quantity was 152.22~176.01 g/min at the rotation speed
of 80~100 r/min, which met the seed metering quantity index of 150.10~178.29 g /min.

Seed rate (g/min)
"""""" Variation coefficient of seeding uniformity (%)

0)

190. 0 r6.5

6.0

Seed rate

Variation coefficient of seeding uniformity (%

T
70.0 80.0 90.0 100. 0 110.0
Speed of the seeding wheel (r/min)

Figure 10. Relationship curve between the rotational speed of the seeding shaft and each index.

When the rotation speed of the metering wheel is low, the stirring effect of the metering
wheel on the seed is poor, which leads to the seed being still in the accumulation state and
cannot be separated from the seed pile. The irregular movement between populations is
small, and the probability of the seed filling the hole is reduced, resulting in leakage and
uneven distribution of seeds. When the rotation speed of the metering wheel is too large,
the disturbance of the metering wheel on the flow layer of the population is substantial. It
lead to the seeding before the number of seed filling in a single pore reaches the standard,
leading to the problem of missing seeding. The high-speed rotation of the metering wheel
causes the amplitude of the metering device to become more extensive, and the seeds
are prone to offset when falling to the conveyor belt, which affects the uniformity of seed
distribution. Therefore, the appropriate rotation speed of the metering wheel can effectively
improve seeding performance.

4.4.2. Effect of Hole Diameter on Each Index

Figure 11 shows the single factor test results of the effect of hole diameter on seeding
performance. The results showed that when the rotational speed of the metering wheel
was 90 mm and the depth of the hole was 6.5 mm, the variation coefficient of seeding
uniformity decreased first and then increased with the increase in the hole diameter. The
seed metering quantity increased with the increase in the rotational speed of the metering
wheel. The seed rate of 10~12 mm hole diameter was 150.95~177.34 g/min, which met the
seed rate index of 150.10~178.29 g/min.
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Figure 11. Relationship curve between hole diameter and indexes.

The reason is that the hole diameter is too small, and the seeds are filled with “vertical
posture” in the filling process. The probability of incomplete seed filling into the hole
increases, resulting in a decrease in the number of seed filling and uneven distribution
of seeds. If the diameter of the hole is too large, the seed is easier to fill the hole and the
seed metering capacity increases. Still, some seeds with significant differences in particle
size make the filling number of a single hole unstable and affect the metering performance.
Therefore, the hole diameter has a significant impact on the seeding effect.

4.4.3. Effect of Hole Depth on Each Index

Figure 12 shows the single-factor test results of the effect of hole depth on the seeding
performance. The results showed that when the rotation speed of the metering wheel was
90 r/min and the diameter of the hole was 11 mm, the variation coefficient of seeding
uniformity decreased first and then increased with the increase in depth. The seed rate
increased with the increase in rotation speed. The seed rate of 5.5~7.5 mm hole depth was
143.62~178.09 g/min, which met the seed rate index of 150.10~178.29 g/min.

— Seed rate (g/min)
220.07 e Variation coefficient of seeding uniformity (%)

—

200. 0 -

-

/ F6.0

Seed rate (g/min)

1
\
Variation coefficient of seeding uniformity (%)

U T T
5.0 6.0 7.0 8.0 9.0 10.0
Hole depth (mm)

Figure 12. Relationship curve between hole depth and each index.

When the hole depth is too tiny, large particles of seeds are not filled by the hole,
causing seeds to be brushed back to the filling area, resulting in filling instability. When
the depth of the hole is too large, the time for seeds to fall out of the hole is prolonged,
which may lead to seeds in the hole failing to unload. The seeds in the hole are returned
to the filling area with the rotation of the metering wheel, which affects the subsequent
seeding operation and the seeding performance. Therefore, the hole depth has a significant
influence on the seeding effect.
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Combined with the single factor test results, when the operating speed of the machine
is 4.7 km/h, the rotational speed of the metering wheel is 80~100 r/min, the diameter of
the hole is 10~12 mm, and the depth of the hole is 5.5~7.5 mm, the variation coefficient of
the uniformity of the metering device is the minimum. The seed rate is 150.1~178.3 g/min.
Therefore, the rotational speed of the metering wheel is 80~100 r/min, the hole diameter is
10~12 mm, and the hole depth is 5.5~7.5 mm.

4.5. Multi-Factor Test
4.5.1. Test Results and Regression Model Establishment

Combined with the results of single-factor research, the multi-factor test was carried
out with the rotation speed of the metering wheel 80~100 r/min, the diameter of hole
10~12 mm, and the depth of hole 5.5~7.5 mm as the horizontal range to study further the
influence of various factors on the working performance of seed metering devices. Table 2
shows the horizontal coding table of test factors.

Table 2. Coding with factors and levels.

Factor
Coding Speed of Metering Wheel Hole Diameter Hole Depth
x1/(r-min—1) x/mm x3/mm
-1 80.0 10.0 55
0 90.0 11.0 6.5
1 100.0 12.0 7.5

The multivariate nonlinear regression models of the variation coefficient Y; of seeding
uniformity and the consistency coefficient Y, of each row with respect to the rotational
speed x7 of the metering wheel, the diameter x; of the profiled hole, and the depth x3 of
the profiled hole were established using Design-Expert 11.0 software. The models and
coefficients are tested. Table 3 shows the test scheme and results.

Table 3. Protocols and results.

Experimental Factor Experimental Index
Experimental Speed of Metering . Variation Coefficient Coefficient of Variation for Consistency
Number Wheel Hole Diameter Hole Depth of Seeding Uniformity of Seed Quantity in Each Row
X2 X3

X1 Yll% Yz/o/o
1 -1 0 1 5.78 2.03
2 0 -1 -1 5.73 1.22
3 1 0 -1 6.12 1.14
4 -1 -1 0 5.11 2.09
5 0 0 0 3.45 0.69
6 0 0 0 3.64 0.81
7 -1 0 -1 6.13 1.29
8 1 -1 0 6.43 0.89
9 1 0 1 6.55 1.06
10 0 0 0 3.78 0.76
11 0 1 1 5.67 1.67
12 -1 1 0 6.22 1.51
13 0 0 0 3.61 0.81
14 0 1 -1 5.59 1.05
15 0 0 0 3.69 0.89
16 1 1 0 6.07 1.73
17 0 -1 1 4.82 1.19

Note: x; and x;, and x3 indicated the levels value of Speed of metering wheel, Hole diameter, and Hole depth,
respectively. The same is below.

(1) The regression equation of variation coefficient Y; of seeding uniformity is:

Y1 = 3.63 + 0.20x7 + 0.18xp — 0.25x3 — 0.37x1xp + 0.34x1x3

+0.26xpx3 + 1.62x7 + 0.70x3 + 1.13x3 (23)
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Table 4 was the result of the variance analysis. The regression model of variation
coefficient of row uniformity showed that the model was extremely significant (p < 0.01)
and the model was effective (p > 0.05). determination coefficient R? = 0.991; the calibration
determination coefficient was 0.979, both close to 1, and CV = 3.12%, accuracy Adeq
precious = 82.66, indicating that the fitting equation has high reliability. Among them, the
rotational speed of the metering wheel and the depth of the hole have a very significant
indigenous effect on the equation. The diameter of the hole has a considerably indigenous
effect on the equation. The influence of various factors on the variation coefficient of seeding
uniformity is in the order of the rotational speed of the metering wheel x; > the depth of
the hole x3 > the diameter of the hole x,. From the Formula (23), the variation coefficient of
seeding uniformity Y7 and the rotational speed of metering wheel x1, the diameter of the
hole x,, and the depth of the hole x3 showed the quadratic function of opening upward,
respectively. It showed an optimal parameter combination of the rotational speed of the
metering wheel, the diameter of the hole, and the hole depth, which made the variation
coefficient of seeding uniformity minimum.

Table 4. Variation coefficient of seeding uniformity analysis results.

Variation Coefficient of Seeding Uniformity Y1/%

Variance
Source Sum of Square Degree of Freedom Mean Square F Value p Value
Model 20.12 9 2.24 85.23 <0.0001 **
X1 0.47 1 047 17.75 0.0048 **
X2 0.27 1 0.27 10.16 0.0090 *
X3 0.07 1 0.07 2.68 0.0014 **
X1x2 0.54 1 0.54 20.59 0.0012 **
X1x3 0.15 1 0.15 5.80 0.0019 *
X243 0.25 1 0.25 9.34 0.0074 *
x% 9.58 1 9.58 364.97 <0.0001 **
x% 2.80 1 2.80 106.73 <0.0001 *
x% 4.24 1 4.24 161.46 <0.0001 **
Residual 0.18 7 0.026
Lack of Fit 0.12 3 0.042 2.82 0.2953
Pure Error 0.059 4 0.015
Cor Total 20.31 16

R? = 0.9910; Ri g = 0.9793; CV (Coefficient of Variation) = 3.12%; Adeq precious = 22.97

Note: ** and * indicated significance at 0.01 and 0.05 levels, respectively.

(2) The regression equation of the consistency coefficient Y, of each row after excluding
the insignificant indigenous term is:

Y, = 0.79 — 0.26x1 + 0.071x, + 0.16x3 + 0.35x7 x5 — 0.20x1x3

+0.16x2x3 + 0.43x% + 0.33x3 + 0.16x3 (24)

Table 5 shows the results of the variance analysis. The consistency coefficient regression
model of each row showed that the model was extremely significant (p < 0.01), and the
mismatch item was not significant (p > 0.05). The model was effective with determination
coefficient R? = 0.991; the calibration coefficient was 0.981, both were close to 1, and
CV = 4.88%, Adeq precious = 82.66, indicating that the fitting equation was reliable. Among
them, the rotational speed of the metering wheel, the depth of the hole, and the hole’s
diameter have extremely significant indigenous effects on the equation. The influence order
of various factors on the coefficient of variation for consistency of seed quantity in each
row Y5 of each row is the depth of the hole x3, the rotational speed of the metering wheel
x1, and the diameter of the hole x;. The Formula (24) shows that the coefficient of variation
for consistency of seed quantity in each row Y of each row is a quadratic function with
the rotational speed of the metering wheel x;, the diameter of the hole x,, and the depth of
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the hole x3, respectively. It shows an optimal group of the rotational speed of the metering

wheel, the diameter of the hole, and the depth of the hole to minimize the coefficient of
variation for consistency of seed quantity in each row.

Table 5. Coefficient of variation for consistency of seed quantity in each row.

Variance Coefficient of Variation for Consistency of Seed Quantity in Each Row Y»/%
Source Sum of Square  Degree of Freedlom  Mean Square F Value p Value
Model 3.05 9 0.34 94.60 <0.0001 **

X1 0.55 1 0.55 154.01 <0.0001 **
X2 0.041 1 0.041 11.35 0.0119 *
X3 0.20 1 0.20 54.57 0.0002 **
X1x2 0.50 1 0.50 140.84 <0.0001 **
X1x3 0.17 1 0.17 46.96 0.0002 **
X2x3 0.11 1 0.11 29.51 0.0010 **
x% 0.78 1 0.78 217.76 <0.0001 **
x3 0.47 1 0.47 130.25 <0.0001 **
x% 0.10 1 0.10 29.27 0.0010 **
Residual 0.025 7 0.0035
Lack of Fit 0.0033 3 0.0011 0.21 0.8864
Pure Error 0.022 0.0054
Cor Total 3.07 16

R% =0.9918; Ridj =0.9814; CV (Coefficient of Variation) = 4.88%; Adeq precious = 82.66.

Note: ** and * indicated significance at 0.01 and 0.05 levels.

4.5.2. Effect of Interaction among Factors on Test Indexes

In this study, the variation coefficient of seeding uniformity and coefficient of variation
for consistency of seed quantity in each row were used as the evaluation indexes of the
seeding performance of self-propelled industrial hemp seeders. Design-Expert software
was used for data processing to obtain the response surface of the influence of the interaction
between various factors on the evaluation indexes shown in Figures 13 and 14.

Variation coefficient of
seeding uniformity

(a) Interaction between x1 and x2
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Figure 13. Response surface of the interaction of factors on the variation coefficient of seeding uniformity.
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Figure 14. Response surface of the interaction of factors on consistency coefficient for each row.

(1) Effect of interaction on variation coefficient of seeding uniformity

As shown in Figure 13a, when the hole depth is 7.5 mm, the interaction between
the hole diameter x; and the rotation speed x; of the metering wheel affects the variation
coefficient of seeding uniformity. When the rotation speed x; is 90 r/min, the variation
coefficient of seeding uniformity first decreases and then increases with the increase in
hole diameter x,. When the diameter of hole x5 is 10 mm, the coefficient of variation of
seed row uniformity decreases first and then increases with the increase in metering wheel
speed x1. The slope of the response surface is large, so there is a significant correlation
between them. Figure 13b shows the effect of the interaction between hole depth x3 and
rotation speed x1 on the variation coefficient of seeding uniformity when the diameter of
type hole is set at the center level. When the rotation speed x; is 90 r/min, the variation
coefficient of seeding uniformity decreases first and then increases with the increase in hole
depth x3. When the hole depth x3 is 7.5 mm, the variation coefficient of seeding uniformity
decreases first. It then decreases with the increase in rotational speed x1, and the slope of

the response surface is large. The interaction between rotational speed x; and hole depth
x3 cannot be ignored.

Figure 13c shows the effect of the interaction between the hole depth x3 and the hole
diameter x; on the variation coefficient of seeding uniformity when the rotation speed x; is
taken as the central level. When the hole diameter x, is constant, the variation coefficient of
seeding uniformity decreases first and then increases with the increase in hole depth x3.
When the hole depth x3 is stable, the variation coefficient of seeding uniformity decreases
first and then increases with the increase in hole diameter x,. The contour curvature of the
response surface is gentle, and the correlation between them is small.
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(2) Effect of interaction on the coefficient of variation for consistency of seed quantity in
each row

Figure 14a is the effect of the interaction between hole diameter x; and the rotation
speed x1 on the coefficient of variation for consistency of seed quantity in each row. When
the rotational speed of the metering wheel x; is constant, each row’s coefficient of displace-
ment consistency coefficient increases with the increase in hole diameter x;. When the hole
diameter x; is constant, the displacement coefficient of variation for consistency of seed
quantity in each row decreases first and then increases with the rise of the rotation speed x;
of the metering wheel.

Figure 14b shows the effect of the interaction between the hole depth x3 and the
rotation speed x; on the coefficient of variation for consistency of seed quantity in each
row. When the rotational speed of the metering wheel x; is constant, the coefficient of
variation for consistency of seed quantity in each row decreases with the increase in the
hole depth x3. When the hole depth x3 is constant, the displacement coefficient of variation
for consistency of seed quantity in each row decreases first and then increases with the
increase in the rotation speed x; of the metering wheel. Figure 14c shows the influence
of the interaction between the hole depth x3 and the hole diameter x; on the coefficient
of variation for consistency of seed quantity in each row. When the hole diameter x;
is constant, the displacement coefficient of variation for consistency of seed quantity in
each row decreases first and then increases with the increase in hole depth x3. When the
hole depth x3 is constant, the displacement coefficient of variation for consistency of seed
quantity in each row decreases first and then increases with the increase in hole diameter x,.

4.5.3. The Field Test

To obtain better seeding uniformity of self-propelled industrial hemp seeders under
the premise of 57.6~62.4 kg/hm?, the optimization parameter optimization module built in
the software Design Expert 11.0 is used to solve the problem by extreme value theory. The
optimization objective function and constraint conditions are shown in Formula (25). To
facilitate the design of the working parameters and structural parameters of the metering
wheel, when the operating speed of the machine is 4.7 km/h, the optimal parameters are
the rotational speed of the metering wheel 7 = 90.0 r/min, the diameter of the hole d = 10.4
mm and the depth of the hole / = 6.4 mm, the variation coefficient of the uniformity of the
metering is 3.66%. The coefficient of variation for consistency of seed quantity in each row
is 0.78%.

minY1 (Xl, Xz, Xg)
minY2 (Xl, XZ/ X3)
80.0 r/min < X; < 100.0 r/min (25)
s.t.¢ 55 mm < X, <75 mm
10.0 mm < X3 < 12.0 mm

In order to verify the reliability of the optimal parameter group and investigate the
seeding performance of the self-propelled industrial hemp seeder, a field seeding test
was carried out in the National Ramie Storage, Institute of Bast Fiber Crops, Chinese
Academy of Agricultural Sciences on 18 April 2021, as shown in Figure 15. According to
the horizontal combination of the superior factors in the bench test, the rotation speed of
the seed row wheel was adjusted to 90 r/min, the hole diameter was 10.4 mm, and the hole
depth was 6.4 mm. The test unit ensured the straight line was forward, and the operating
speed of the drill was set to 4.7 km/h to carry out the field test.
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Figure 15. The field test. (a) Seeder field operation. (b) Growth of industrial hemp.

The experiment took “Long Ma 3” as the seed row object, sowing 3 rows in each stroke
with a row spacing of 150 mm. After seedling emergence, according to the distribution of
industrial hemp in the field, 5 sections of each row were randomly tested. The verification
results are shown in Table 6. The average variation coefficient of actual seeding uniformity
is 6.19%, the average coefficient of variation for consistency of seed quantity in each row is
3.44%, and the coefficient is less than 8.0%, which meets the design requirements. The test
results are consistent with the optimization results, which are credible.

Table 6. Verified results.

Levels Variation Coefficient of Coefficient of Variation for Consistency of
Seeding Uniformity Y1/% Seed Quantity in Each Row Y5,/%
1 6.03% 3.58%
2 5.35% 3.29%
3 6.49% 2.80%
4 7.06% 3.71%
5 6.03% 3.82%
Average 6.19% 3.44%

5. Conclusions

In this study, the performance test of a self-propelled industrial hemp seed seeder was
carried out, and the industrial hemp seed seeder was designed. It is helpful to solve the
problem of low efficiency of hemp cultivation in mountainous areas. The main conclusions
are as follows:

1. According to the planting mode of industrial hemp for fiber in hilly and mountainous
areas, the design of the industrial hemp seed metering device was carried out around
the self-propelled industrial hemp seeder. The power chassis system drove the power
input seeding and fertilization system to drive the rotation of the metering wheel
so that the industrial hemp seeds in the hole of the metering wheel were dropped
to the ditch by gravity after passing through the seed protection plate to complete
the seeding operation. Through theoretical analysis, the structural parameters and
structural parameters of the seed metering wheel are determined.

2. We took the rotation speed of the seeding wheel, the depth of the seeding hole, and
the diameter of the seeding hole as the test factors, and the variation coefficient
of seed metering uniformity and seed metering quantity as the evaluation indexes.
The value range of each factor was determined when the seed metering device met
the total seeding quantity of 57.6~62.4 kg/hm?. We used the quadratic orthogonal
rotating center combination test with three factors and three levels and carried out
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aregression analysis on the test results. The test results showed that: the seeding wheel
speed had a significant impact on the seeding uniformity and the line displacement
consistency coefficient.

3. To optimize the structural and operational parameters of the wheel setter, we used
Design-Expert 11.0 for optimization analysis. When the operating speed of the seeder
was 4.7 km/h, the speed of the seed row wheel is 90.0 r/min, the diameter of the
hole is 10.4 mm, and the depth of the hole is 6.4 mm in the optimal parameter group.
At this time, the coefficient of variation of seed row uniformity was 3.66% and the
coefficient of consistency of row displacement was 0.78%, both of which were better
than the industry standard.

4. In order to verify the practical application effect of the planter, we carried out field
experiments on the optimized seeder. The results showed that the average variation
coefficient of the actual seeding uniformity was 6.19%. The average coefficient of
variation for consistency of seed quantity in each row displacement was 3.44%, which
was much less than 8.0%, and the seeding performance was essentially consistent
with the optimization results. The self-walking industrial hemp seeder could satisfy
the design requirements and effectively improve the cultivation efficiency of fiber
industrial hemp in mountainous areas and solve the problem of heavy labor intensity
in artificial planting.
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