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seedling raising and sowing of trough type panax notoginseng
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Abstract: In order to improve the seedling quality of Panax notoginseng, combined with the special agronomic requirements of
Panax notoginseng, a sharp angle roller soil-covering and soil-compacting device integrating the functions of soil-covering and
soil-compacting was designed. Based on the theoretical analysis of seed ditch conditions, soil-covering process and soil-
compacting process, the structure of soil-covering and soil-compacting device was designed. Through theoretical analysis and
calculation, the diameter and length of soil-covering and soil-compacting wheel were 20 cm and 10.7-14.1 cm, respectively, the
sharp angle and height range were 45°-105° and 0.8-1.6 cm respectively, and the spring stiffness was 38.54 N/mm; Using the
discrete element method to simulate the soil-covering and soil-compacting process, it was obtained that when the sharp angle
range was 60°-90°, the sharp angle height range was 0.8-1.2 cm, and the soil-covering effect was better; Taking the forward
speed, ballast pressure, sharp angle and sharp angle height of the planter as the test factors, and taking the soil-covering
thickness, grain spacing and soil compactness as the indexes, the four factor and three-level Box-Behnken Design test was
carried out. The response surface test analysis method was used to establish the regression equation between the factors and
indexes, and determine the best parameter combination: the forward speed was 6.5 m/min, the ballast pressure was 360.5 N, the
sharp angle was 67°, and the sharp angle height was 1 cm, at this time, the soil-covering thickness was 0.64 cm, the grain
spacing was 5.03 cm, and the soil compactness was 321.77 kPa. According to the soil trough test, the design of soil-covering
and soil-compacting device met the agronomic requirements of plant spacing, soil-compactness and soil-covering thickness
during seedling sowing of Panax notoginseng. The research results can provide a reference for the design of Panax notoginseng
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1 Introduction

Panax notoginseng is a famous Chinese herbal medicine in
Yunnan Province. It is an important raw material for cosmetics and
health products. It has a large market demand and good
development prospects. At present, the total area of Panax
notoginseng in Yunnan has reached 151.3 km’ and the planting
sales revenue of Panax notoginseng has reached 10.3 billion CNY,
accounting for 35% of the total planting sales revenue of traditional
Chinese medicine in the province'. The seedling raising of Panax
notoginseng is generally carried out in the trough. The seedling
raising time is up to 1 a. The sowing agronomy is special. The row
plant spacing is 5 cm, the sowing depth is about 1 cm, and the
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matrix compactness is 200-400 kPa®. The basic procedures of
seedling raising and sowing of Panax notoginseng are: land
preparation, ridging, hole pressing (or trenching), spot sowing, soil-
covering and soil-compacting. At present, the
mechanization is relatively low. After land preparation and ridging,

degree of

a small number of semi mature planters can only solve the two
procedures of hole pressing and sowing, and the qualified rate of
sowing is low. In particular, the links of soil-covering and soil-
compacting completely rely on labor, which has low efficiency,
high labor intensity and high cost, Moreover, the uniformity of the
soil-covering thickness and soil compactness is poor due to human
error. The quality of soil-covering and soil-compacting operation is
one of the keys to ensure the seedling quality of Panax notoginseng.
The soil-covering and soil-compacting device is the main soil
touching part of the planter to realize the soil-covering and soil-
compacting of seeds and play the role of increasing, preserving and
supplying soil moisture™. However, there is still a lack of research
and development on the soil-covering and soil-compacting device
for Panax notoginseng seedling sowing. The current manual method
cannot meet the agronomic requirements of soil-covering and soil-
compacting operation for Panax notoginseng seedling sowing with
shallow sowing depth and small row plant spacing. Therefore,
designing a soil-covering and soil-compacting device suitable for
Panax notoginseng sowing agronomy is of great significance to the
cultivation of high-quality Panax notoginseng seedlings.

At present, the soil-covering and soil-compacting devices have
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two structures: split type and integrated type. The basic structure of
the split soil-covering part mainly includes scraper soil-covering
device, double disc soil-covering device, throwing soil-covering
device and bionic soil-covering device®'"; Zheng et al.'"” designed a
soil-covering device with linkage and differential adjustment to
solve the problems of inconsistent soil-covering volume on both
sides of slope and inconvenient adjustment of soil-covering plate,
which could ensure uniform and stable soil-covering; Li et al.'
designed a disc type soil-covering device and a roller type soil-
compacting wheel according to the agronomic requirements of deep
planting and shallow covering of sugarcane. In the process of soil-
covering and soil-compacting, the soil-covering thickness was
uniform and did not block the soil; The soil-compacting part was
mainly a viscosity reducing and drag reducing soil-compacting
device based on the principles of bionics, scraping and vibration"*';
The integrated soil-covering and soil-compacting included four
structures: plane, concave, convex and conical. V-shaped and elastic
spiral soil-covering and soil-compacting devices were designed!”.
Koichiro et al."® designed a vibration soil-compacting device that
could adjust different working modes to realize multiple functions
of one machine. The existing soil-covering and soil-compacting
device was mainly aimed at the crops with large row spacing in the
field, which had a large disturbance to the soil and seeds, and could
not meet the agronomic requirements of Panax notoginseng
seedling cultivation and sowing with shallow sowing depth and
small row spacing. Therefore, according to the agronomic
requirements of seedling raising and sowing of Panax notoginseng,
a sharp angle roller soil-covering and soil-compacting device was
designed to reduce the disturbance to soil and seeds and improved
the operation effect.

Different structural parameters of soil-covering and soil-
compacting device have different disturbance to soil and seeds!*".
The simulation method is often used to study the disturbance
process of soil contacting parts-soil-seed, and the common methods
are finite element method and discrete element method. The finite
element method is mainly used to study the mutual movement law
between the soil contacting parts and the soil, the stress and
deformation of the soil, and is suitable for studying the operation
processes such as subsoiling and hole pressing®*; The discrete
element method can effectively simulate the micro and macro
deformation between soil particles and soil contacting parts, and can
intuitively reflect the interaction and movement process of soil
contacting parts, soil particles and seeds. It is suitable for studying
the process of soil-covering and soil-compacting™*. Therefore, in
this study, the discrete element method was used to simulate the
process of soil-covering and soil-compacting.

According to the agronomic characteristics of shallow sowing
depth and dense plants of Panax notoginseng, a sharp angle roller
type soil-covering and soil-compacting device was designed in this
paper. The key structural parameters were designed through the
dynamic analysis of the process of soil-covering and soil-
compacting; Using the discrete element method, according to the
effect of soil-covering and soil-compacting, the sharp height and
angle parameter range of soil-covering and soil-compacting wheel
were studied; Taking the forward speed, ballast pressure, sharp
angle and height of the planter as the experimental factors, and
taking the soil-covering thickness, grain spacing and soil
compactness as the indexes, the best parameter combination was
studied through the soil trough test to verify whether it met the
agronomic requirements of Panax notoginseng seedling cultivation
and sowing.

2 Structural design of soil-covering and soil-
compacting device

2.1 Opverall structure and working principle

The soil-covering and soil-compacting device was mainly
composed of frame, motor, compression spring, soil-covering and
soil-compacting wheel connecting frame and soil-covering and soil-
compacting wheel, as shown in Figure 1. Because the matrix in the
seedling trough for Panax notoginseng seedling sowing was uneven
horizontally and vertically, in order to increase the profiling effect
and ensure the uniform soil-covering and soil-compacting, the soil-
covering and soil-compacting wheel was combined in sections.
Considering the factors such as the width of the seedling trough, the
spacing of seed ditches and the soil-covering thickness, the soil-
covering and soil-compacting device was divided into four sections,
and each section could cover and suppress seven rows of seed
ditches. The soil-covering and soil-compacting wheel was
connected with the seeding machine through the installation shaft
and the ballast pressure regulating structure. The seeding machine
was self-propelled and the power was provided by the motor.

6\

1. Soil-covering and soil-compacting wheel 2. Ballast pressure regulator 3. Fixing
frame of soil-covering and soil-compacting wheel 4. Rack 5. Traveling wheel
6. Motor 7. Limit wheel

Figure 1 Overall structure of soil-covering and

soil-compacting device

Working principle of soil-covering and soil-compacting: during
operation, the soil-covering and soil-compacting wheel rolls
forwarded with the planter and carried out soil-covering and soil-
compacting under the action of self weight and ballast pressure
regulating structure. The process of soil-covering and soil-
compacting is shown in Figure 2. Two adjacent sharp angles of the
soil-covering and soil-compacting wheel formed a trapezoidal
section with the surface of the drum. During the operation, the soil
particles fell into the seed ditch under the action of the sharp angle
extrusion force Fr, and the pressing operation was completed under
the joint action of the sharp angle and the surface of the drum. The
squeezing force Fr of sharp angle on soil particles should point to
the seed ditch, which was affected by the height and angle of sharp
angle.

Roller
Sharp corner
Seed

Soil particles Ridge

Note: G is the self weight of soil particles, N; Fy is the supporting force of soil
particles by the soil-covering and soil-compacting wheel, N; f'is the friction force
of soil particles subjected to the soil-covering and soil-compacting wheel, N; Fr
is the synthetic force of each force, N.

Figure 2 Schematic diagram of soil-covering and soil-compacting
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2.2 Theoretical analysis of soil-covering and soil-compacting
2.2.1 Ridge contour curve fitting

The soil movement during soil-covering and soil-compacting
was related to the structure of soil-covering and soil-compacting
wheel and the shape of seed ditch, and the structure of soil-covering
and soil-compacting wheel needed to be coordinated with the shape
of ridge, so the contour curve of ridge shape was fitted. The soil in
the seedling trough was finely crushed and leveled. After the soil
moisture content was adjusted to 20%-30%, the seed ditch was
opened through the ditching device and the cross-section of the seed
ditch was cut. The coordinate marking paper was used to fit and
contact with the cross-section, and the seed ditch contour (Ridge)
was obtained by light projection of the contour shape of the seed
ditch. The fitting curve and equation are shown in Figure 3.
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Figure 3  Curve fitting of seed furrow contour (ridge)

2.2.2 Analysis of covered soil area

A good soil-covering and soil-compacting operation should
have small disturbance to the seeds of Panax notoginseng, high
consistency of soil-covering thickness, and make the seeds
reasonably close to the soil, which was conducive to the
germination and growth of Panax notoginseng seeds. In the process
of soil-covering and soil-compacting, the sharp angles pressed the
soil on both sides into the seed ditch, and the soil-compacting parts
pressed at the same time. After the soil-covering and soil-
compacting, a trapezoidal section was formed. According to the
ridge contour extracted above, the soil state and seed position after
soil-covering and soil-compacting are shown in Figure 4.

Roller

Sharp corner
Rigde
Seed

a. Before soil-covering and soil-compacting

b. After soil-covering and soil-compacting

Figure 4 Schematic diagram of seeds and soil after soil-covering
and soil-compacting

The amount of soil to be covered was the amount of soil
squeezed into the seed ditch by the sharp angle of the soil-covering
and soil-compacting wheel. The more the amount of soil covered,

the deeper the thickness of the soil covered. The amount of covering
soil was related to the angle, height and spacing of sharp angles.
After the covering soil was compacted, the trapezoidal cross-
sectional area should be less than the ridge contour area, that is:

S, +8,+8,>8:+8,

S, 45,45, :f“f(x)dx

| (1)
Si+S,=25%|0OE|- EIOEIZtana

f(x) =—0.0399x" + 1.9045x — 0.748

where, a is the sharp angle of the soil-covering and soil-compacting
wheel, (°); |OE| is the height of the soil-covering and soil-
compacting wheel, cm; x and x, are the coordinate values of point
C and point D in Figure 4; S;, S,, S; and S, are the area of each
region in Figure 4, and f'(x) is the fitting equation of the ridge.

From the above equation:

1 xc
2.5%|0E| - 5|OEf tana < f fodx 2)

Through the analysis of Equation (2), it could be seen that the
amount of soil covered was related to the sharp angle, the sharp
angle height and the contour shape of the seed ditch. When the
sharp angle height is different, it could be seen that the soil-
covering thickness and compactness of the seeds will also change. If
the sharp angle height was greater than the depth of the seed ditch,
the soil-covering and soil-compacting wheel would not suppress the
soil above the seeds. If the sharp angle height was less than the
maximum diameter of Panax notoginseng seeds, the amount of
covered soil would be reduced, and a large ballast pressure would
be generated on the seeds and the soil above the seeds, and even
backwater would be generated. Therefore, it was inferred that the
sharp angle height would affect the amount of covered soil and soil
compactness after compaction by the soil-covering and soil-
compacting wheel.

2.2.3  Analysis of soil-compacting principle

During soil-covering and soil-compacting, the soil on the
planting ditch bears the ballast pressure exerted by the soil-covering
and soil-compacting wheel, so as to complete the soil-compacting
operation. The soil-compacting operation should meet the soil
compactness required by the agronomy of Panax notoginseng
seedling and sowing. The soil compactness was related to the
grounding area and ballast pressure of the soil-covering and soil-
compacting wheel. The ballast pressure was determined by the
gravity and profiling adjustment force of the soil-covering and soil-
compacting wheel, and the grounding area was determined by the
roller radius and sharp angle and height, etc. Since the soil-covering
and soil-compacting wheel had the same effect on adjacent seed
ditches, the soil-covering and soil-compacting wheel of 2 rows of
seed ditches was intercepted for research, and its grounding area
was shown in the shaded part in Figure 5.

When the rigid wheel was in contact with the rigid road
surface, the width of the rigid wheel could be expressed by its radial
contact area””. Therefore, its area could be approximately the area
of the ring, and the grounding area S of the soil-covering and soil-
compacting wheel is:

_ BnR

S = m(3—3b)b+3><

281 [(R+h)’ - R*]

3)
[
360cos 0

where, R is the radius of the soil-covering and soil-compacting
wheel, cm; £ is the subsidence angle, (°); a is the Sharp angle, (°); &
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is the height of sharp angle, cm; b is the width of sharp angle, cm; B
is the length of the soil-covering and soil-compacting wheel, cm.

b

AN e

L

B

a. Left view b. Front view

Note: R is the radius of the soil-covering and soil-compacting wheel, cm; f Is the
subsidence angle, (°); a Sharp angle, (°); 4 is the height of sharp angle, cm; b is
the width of sharp angle, cm; B is the length of the soil-covering and soil-
compacting wheel, cm.

Figure 5 Schematic diagram of soil contact area

During operation, the deformation of the outer wall of the soil-
covering and soil-compacting wheel under the action of soft soil
was very small, so its deformation could be ignored. The soil-
covering and soil-compacting wheel could regard it as a rigid body,
and simplified the lateral flow of the soil below the contact surface
between the soil-covering and soil-compacting wheel and the soil,
so the soil stress on the center and both sides of the contact surface
could be regarded as uniform distribution, and its grounding
pressure p is:

p=2 )

where, Q is the ballast pressure. According to the requirements of
Panax notoginseng agriculture, the soil compactness is 200-
400 kPa®. Combined with Equations (3) and (4), the grounding
pressure of soil-covering and soil-compacting wheel shall meet:

o
(B-3b) +3

200 kPa < <400 kPa

281 [R* — (R—h)’]
a
360cos 5

Br(R—h)
180

®)
It could be seen from the above equation that the ballast
pressure was related to the diameter, sharp angle height and sharp
angle of the soil-covering and soil-compacting wheel. Under the
condition that the sharp angle height and angle remain unchanged,
in order to meet the requirements of soil-compacting pressure and
control the cost, a smaller direct diameter of the soil-covering and
soil-compacting wheel should be selected within the range of
agronomic requirements.
2.3 Structural parameter design
2.3.1 Diameter design
The soil-covering and soil-compacting wheel was a sharp angle
roller structure. The soil-covering and soil-compacting operation
was completed by sharp angle extrusion and roller rotation. The
operation quality was related to the sharp angle height, sharp angle
and the diameter of the soil-covering and soil-compacting wheel.
The smaller the diameter of the soil-covering and soil-compacting
wheel, the greater the slip rate in the operation. At the same time, it
was easy to block the soil, which directly affected the soil-covering
thickness, the grain spacing and the soil compactness effect. On the
contrary, the larger the diameter of the soil-covering and soil-
compacting wheel was, the easier the drum was to rotate, which
could reduce the slip rate and soil blocking phenomenon in the

process of operation, but the excessive diameter would increase the
rolling resistance in the process of operation ". In order to meet the
normal rolling of the soil-covering and soil-compacting wheel, its
diameter should meet!'”:

ps W ©6)
of
where, D is the diameter of the soil-covering and soil-compacting
wheel, cm; f is the friction coefficient between soil and soil-
covering and soil-compacting wheel, f= 0.5; Q is the gravity of the
soil-covering and soil-compacting wheel and its additional load, N;
W, is the friction torque in the shaft sleeve, N -m.
The friction torque in the shaft sleeve is:

W, = %uPd )

where, ¢ Is the friction coefficient of rolling bearing, u= 0.2; P is
the bearing load of rolling bearing, N; d is the shaft diameter length
of rolling bearing, cm.

According to the shaft diameter length d of 4.6 cm and the
bearing load force P of rolling bearing is 320 N, the friction torque
W, in the shaft sleeve could be obtained from Equation (7) as
147.2 N-cm. Generally, the friction torque in the shaft sleeve would
be expanded by 10 times (about 1472 N-cm) to overcome the
increased friction caused by the entry of dust or solid substances
during operation. According to Equation (6), the diameter D of the
soil-covering and soil-compacting wheel was greater than or equal
to 18.4 cm. Combined with practical experience, the diameter range
of the soil-covering and soil-compacting wheel was generally 20-
50 cm™. Then, according to the flatness of the soil-covering and
soil-compacting soil in the field, the rolling resistance in the
operation process was reduced under the condition of smooth
rotation and reduced backwater, and the diameter D of the designed
sharp angle soil-covering and soil-compacting wheel was 20 cm.
2.3.2 Design of tip angle parameters and length

Through the analysis of the principle of soil-covering and soil
dynamics, it could be seen that the factors affecting the suppression
effect, the amount of soil-covering and the direction of soil
movement were the distance from the tip of the sharp angle to the
surface of the drum, that is, the sharp angle height /# and the sharp
angle @, as agronomy required that the soil-covering thickness
should be controlled at about 1 cm, and considered that the soil-
covering and soil-compacting wheel had a certain suppression effect
on the soil, so that the soil and Panax notoginseng seeds sank to a
certain extent, the sharp angle height # was designed to be 0.8-
1.6 cm; Sharp angle a Through the analysis of the corresponding
angle of the lower limit, as shown in Figure 6, the sharp angle
increased, and the final resultant force F; gradually moved
downward. The sharp angle should meet the requirement that the
resultant force points to the seed ditch, so the maximum angle is
105°-120°. Considering that some soil at the bottom of the ridge
could slide into the seed ditch, 105° was selected as the maximum
angle of the sharp angle, and the sharp angle was 45°-105°.

F/WO;M ! (\2%f

CANN - GF
c. 120° sharp angle A

Fy

a. 90° sharp angle

b. 105° sharp angle

Figure 6 Analysis of lower limit angle of sharp angle

The length of the soil-covering and soil-compacting wheel was
related to the width of furrow, ridge width and sowing row spacing.
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The row plant spacing required by Panax notoginseng agronomy
was 5 cm and the soil-covering thickness was 1 cm. Because the
final sowing depth was affected by the soil fall during furrow
opening and the soil disturbance during soil-covering and soil-
compacting, the effect was better when the furrow depth was 2 cm.
If the distance between the sharp angles of the soil-covering and soil-
compacting wheel was about equal to the sowing row spacing, the
length of the soil-covering and soil-compacting wheel is:

B=nL+b ®)

where, L is the sowing row spacing, cm; # is the number of rows; b
is the width of sharp angle, cm. The sowing row spacing of Panax
notoginseng is 5 cm. According to the sharp angle height and angle
range, the sharp angle width b is 0.7-4.1 cm, so the length of the soil-
covering and soil-compacting wheel of the two rows of planting
ditch is 10.7-14.1 cm.
2.3.3 Design of pressure regulating structure

During the working process of the soil-covering and soil-
compacting, it was necessary to ensure that the soil-covering and
soil-compacting wheel rolls forwarded with the fluctuation of the
surface soil, and met certain requirements of soil compactness.
Therefore, the ballast pressure regulating part was required to
control the ballast pressure to meet the agronomic requirements of
the soil compactness of Panax notoginseng seedling. When the soil-
covering and soil-compacting wheel covered and pressed the soil on
the soft soil after humidity regulation and leveling, the ground bears
the load imposed by the soil-covering and soil-compacting wheel,
and the soil would sink to a certain extent, that is, the lower limit
Zy™":

690

Z, = -
5KBD>

©)

where, Z, is the lower limit, mm; B is the length of the soil-covering
and soil-compacting wheel, mm; D is the diameter of the soil-
covering and soil-compacting wheel, mm; Q is the total load of the
soil-covering and soil-compacting wheel, N; K is the soil
characteristic parameter; o, is parameter related to soil properties;
Among them K = a, (1+0.27B); For the soft soil just after humidity
regulation and leveling, take a,= 1.4". Through the above formula,
the relevant parameters of the soil-covering and soil-compacting
wheel are brought into the lower limit formula, and the total load of
the soil-covering and soil-compacting wheel on the soil can be
calculated to be about 705.42 N.

By weighing, the gravity of the soil-covering and soil-
compacting device was about 320 N, and the force provided by the
compression spring of the profiling adjustment structure was about
385.42 N. according to the spring force formula:

AF = kAx (10)
According to Equation (10), the spring stiffness value is
38.54 N/mm, query the relevant national standards (GB2089-2009

ordinary cylindrical helical compression spring dimensions and
parameters), and select YA4x25x60 GB/T2089 compression spring.

3 Simulation analysis of soil-covering and soil-
compacting wheel

From the above theoretical analysis, it could be seen that
different sharp angle angles and heights had an important impact on
the force of seeds and the effect of soil-covering and soil-
compacting. In order to further clarify the influence law of sharp
angle parameter changes on seed disturbance and soil-covering

thickness, the discrete element method was used to simulate and
analyze the process of soil-covering and soil-compacting, so as to
determine the range of structural parameters.
3.1 Simulation model establishment

Use SolidWorks 2018 software to establish the model of soil-
covering and soil-compacting wheel, as shown in Figure 7a. During
the simulation, the value range of sharp angle and sharp angle
height was 45°-105° and 0.8-1.6 cm respectively according to the
previous research. The forward speed of soil-covering and soil-
compacting wheel was consistent with the speed of the planter,
specifically 10 m/min. The soil trough model and test process were
shown in Figures 7b and 7c. The three-dimensional size of the soil
trough model was 15 cmx16 cmx3.5 cm, because a single row
could not represent the stress and compression between seed
ditches, two rows of seed ditch models were designed, and the stress
and displacement of one seed were calculated in each row.
However, considering the deviation of the first seed and excluding
the contingency, one seed was added before and after each row,
with 3 seeds in each row, a total of 6 seeds. The soil matrix adopted
1 mm particles, and the seed adopts multi ball polymerization
model, with a diameter of 5.75 mm. In reference [30,31], the
surface energy of soil JKR was 4.31 J/m? the soil-soil recovery
coefficient, static friction coefficient and dynamic friction factor
were 0.4, 0.7 and 0.07 respectively, and the soil-covering and soil-
compacting wheel recovery coefficient, static friction coefficient
and dynamic friction coefficient were 0.3, 0.6 and 0.1, respectively.

"

a. Model of wheel b. Model of soil trough

NN N
1

¢. Simulation
test process

Figure 7 Establishment of simulation model

3.2 Simulation results and analysis
3.2.1 Stress analysis of seeds

In the process of soil-covering and soil-compacting, the force
on the seed would affect the final soil-covering and soil-compacting
effect. Therefore, when the sharp angle height and angle were 0.8-
1.6 cm and 45°-105° respectively, the normal force on the seed was
analyzed, and the result value was taken as the force mean value of
6 seeds. In order to observe the force uniformity, the variance of the
normal force was analyzed. The test results are shown in Figures 8
and 9.

It could be seen from Figure 8 that the normal force received by
the seed increases from 0 to 0.65 s, reached the peak at about 0.6 s,
and decreased after 0.65 s. Comparing the peak value of normal
force on Seeds under different sharp angle height, it could be seen
that the change rate and peak value of normal force on seeds
increase with the increase of sharp angle height; Compared different
sharp angles, the change rate and peak value of normal force were
the smallest at 45°, the maximum at 105°, and the change rate and
peak value of normal force were similar at 60°-90°. It could be seen
from Figure 9 that under different sharp angle heights, the variance
value of normal force showed an upward trend, and the variance
value increased gently when the sharp angle height was 0.8-1.2 cm;
Under different sharp angle, the change of square difference was
relatively small when the angle was 45°-90°, indicated that the
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Figure 9  Analysis of variance of normal force

normal force uniformity of seeds was relatively good.

3.2.2 Analysis of soil-covering effect

The angle and height of the sharp angle were selected as the

test factors, and the soil-covering thickness and seed offset were
taken as the test indexes. The single factor test was carried out to
determine the best range of the height of the sharp angle, so as to
provide a reference basis for the orthogonal combination test below.
The simulation results are shown in Figure 10.
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\é 10 -=- Grain spacing offset
Q
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b. different sharp angle height

Figure 10  Analysis of soil-covering performance

It could be seen from Figure 10a that when the sharp angle was
60°, 75° and 90°, the change of soil-covering thickness was small
and the thickness was stable at about 1 cm, which met the
agronomic requirements of soil-covering thickness, and the
deviation of grain spacing and row spacing was relatively small; It
could be seen from Figure 10b that the soil-covering thickness
under different sharp angle heights met the requirements. From the
analysis of row spacing and grain spacing offset of Panax
notoginseng seeds, the seed offset increased with the increase of
sharp angle height. When the sharp angle height was 0.8, 1 and
1.2 cm, the seed offset was small and stable at 1 mm left and right;
In conclusion, according to the analysis of the influence of different
sharp angle and height on the soil-covering thickness and seed
offset, when the sharp angle and height were 60°-90° and 0.8-
1.2 cm respectively, the overall soil-covering and soil-compacting
effect was better than other conditions, met the agronomic
requirements of Panax notoginseng seedling and sowing.

4 Performance test of soil-covering and soil-
compacting wheel

4.1 Test purpose

In order to explore the operation parameters with good soil-
covering and soil-compacting effects, the Box-Behnken Design test
with four factors and three levels was carried out with the forward
speed of the planter, spring ballast, the sharp angle and height of the
soil-covering and soil-compacting wheel as the test factors and the
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soil-covering thickness, grain spacing and soil compactness as the
test indexes to optimize the structural parameters with the best
operation effect.
4.2 Test materials and equipment

The test was carried out on the soil trough frame of the
machining training center of Yunnan Agricultural University. The
length, width and thickness of the soil trough are 12 000 mm,
1500 mm and 300-350 mm, respectively, and the soil moisture
content was 20%. The soil trough test was shown in Figure 11. The
main instruments and equipment used in the test are: Panax
notoginseng seedling seeding precision planter, soil-covering and
soil-compacting device (soil-covering and soil-compacting wheel
was processed by 3D printing technology, 9 groups of Soil-covering
and soil-compacting wheels were assembled according to the test
level), soil moisture meter, soil compactness instrument, humidity
spray device, shovel, steel ruler, tape measure, etc.

1. Soil-covering and soil-compacting wheel 2. Panax notoginseng seedling
seeding precision planter 3. Soil trough

Figure 11  Soil trough test

4.3 Test plan and method

According to the principle of Box-Behnken Design combination
design, the orthogonal combination test of four factors and three
levels was carried out. The levels of test factors are listed in
Table 1. According to the orthogonal combination test design, the
test design scheme included 24 groups of factorial points and 5
groups of zero point tests. The test scheme and results are listed in
Table 2. After the test, the regression processing and analysis of the
test results were carried out by using Design Expert 10.0.7 software
to obtain the analysis of variance and Regression equation and
response surface analysis.

Table 1 Test factors and levels

factors
Level Forward Ballast Sharp Sharp angle
speed/m-min™ pressure/N angle/(°) height/cm
1 6 280 60 0.8
0 8 415 75 1.0
-1 10 550 90 1.2

4.4 Analysis of variance and response surface method
4.4.1 Analysis of variance of test indexes

After the test data were fitted by quadratic regression, the
regression equation of test factors on test indexes after soil-covering
and soil-compacting was obtained, and the corresponding analysis
of variance are listed in Tables 3-5. After excluding insignificant
factors, the regression equation was as follows:

¥ =3.92-0.34x, - 0.056x; + 0.33x, + 0.000 26x; 11

¥ = —2.43+3.59x, +0.000 67.x,x, +0.031.8—
(7.08E —6)x2 = 0.001.2 — 2.8 (12)

Table 2 Test plan and results

Forward Ballast Sharp Sharp Soil-covering  Grain Soil
Level speed x,/ pressure angle AMSEC  thickness/ spacing/ compactness/
m-min' /N x3/(°) height cm cm kPa
X,/cm
1 10 550 75 1.0 0.57 4.88 272.56
2 6 550 75 1.0 0.56 4.51 279.24
3 10 280 75 1.0 0.57 4.61 298.47
4 6 280 75 1.0 0.58 4.82 333.60
5 8 415 90 1.2 0.54 5.08 244.22
6 8 415 60 1.2 0.62 4.63 279.33
7 8 415 90 0.8 0.51 491 204.76
8 8 415 60 0.8 0.61 4.75 345.73
9 10 415 75 1.2 0.54 5.03 267.42
10 6 415 75 1.2 0.71 4.95 283.02
11 10 415 75 0.8 0.51 5.10 305.33
12 6 415 75 0.8 0.62 4.92 355.38
13 8 550 90 1.0 0.63 4.92 252.40
14 8 280 90 1.0 0.51 4.62 239.82
15 8 550 60 1.0 0.52 4.63 373.98
16 8 280 60 1.0 0.47 5.12 310.07
17 10 415 90 1.0 0.67 4.80 24491
18 6 415 90 1.0 0.71 4.72 259.00
19 10 415 60 1.0 0.47 4.92 317.62
20 6 415 60 1.0 0.83 4.68 243.39
21 8 550 75 1.2 0.61 4.71 274.58
22 8 280 75 1.2 0.49 4.92 295.51
23 8 550 75 0.8 0.50 4.59 304.18
24 8 280 75 0.8 0.61 4.62 259.87
25 8 415 75 1.0 0.43 4.45 253.33
26 8 415 75 1.0 0.62 4.59 221.28
27 8 415 75 1.0 0.57 4.65 24591
28 8 415 75 1.0 0.64 4.58 226.06
29 8 415 75 1.0 0.51 5.00 33391
Table 3 Variance analysis of soil-covering thickness
Variance source Sum of squares freedom Mean square sum  F P
Model 0.140 00 8 0.018 00 5.74 0.0007
X 0.046 00 1 0.046 00 14.60 0.0011
X, 0.004 91 1 0.004 91 1.57 0.2246
X3 0.029 00 1 0.029 00 9.28 0.0064
Xy 0.020 00 1 0.020 00 6.40 0.0199
X1 X3 0.011 00 1 0.011 00 3.53  0.0751
Xy Xy 0.004 90 1 0.004 90 1.57 0.2250
x% 0.014 00 1 0.014 00 439 0.0492
x% 0.023 00 1 0.0230 7.51 0.0126
Residual 0.063 00 20 0.03120
Spurious term 0.050 00 16 0.003 12 0.99 0.5683
Pure error 0.013 00 4 0.003 15
The sum 0.210 00 28

y, = —2010.13 + 189.37x, + 1.7x, —99.23x, x,—
1.412,x, —0.001.2 —0.122 (13)

According to the results of variance analysis in Table 3, the p-
value of the soil-covering thickness model was 0.0007<0.01,
indicated that the model formula was very significant. It was known
from the p-value that the test factors x; and x; had a very significant
impact on the soil-covering thickness, x,, x; and x; had a significant
impact on the soil-covering thickness, and other factors had no
significant impact on the soil-covering thickness. The order of the
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Table 4 Analysis of variance of grain spacing

Table 5 Variance analysis of soil compactness

Variance source Sum of squares freedom Mean square sum F P Variance source Sum of squares freedom Mean square sum  F P

Model 0.700 10 0.070 410  0.0046 Model 29 581.11 10 2958.11 2.61 0.0366

X 0.031 1 0.031 1.81 0.1950 X 6379.17 1 6379.17 5.63  0.0289

X, 0.057 1 0.057 337 0.0829 Xy 5754.49 1 5754.49 5.08 0.0369

X3 8.33E-006 1 8.33E-006  4.893E-004 0.9826 X3 597.70 1 597.70 0.53 0.4768

X4 0.088 1 0.088 5.15 0.0358 X4 399.05 1 399.05 0.35 0.5601

X1 X, 0.031 1 0.031 1.80  0.1966 X)Xy 6301.18 1 6301.18 5.57 0.0298

X X3 0.076 1 0.076 444 0.0494 X) X3 3317.18 1 3317.18 2.93 0.1041

x% 0.100 1 0.100 5.98 0.0250 Xy X4 5803.39 1 5803.39 5.13 0.0362

3 0.110 1 0.110 635 0.0214 x 3853.38 1 385338 3.40 0.0816

x% 0.350 1 0.350 2043  0.0003 x% 5530.38 1 5530.38 4.88 0.0403

xﬁ 0.086 1 0.086 5.07 0.0371 x% 5150.41 1 5150.41 4.55 0.0470
Residual 0.310 18 0.017 Residual 20 378.98 18 1132.17

Spurious term 0.280 14 0.020 3.09  0.1423 Spurious term 16 010.85 14 1143.63 105 0.5380
Pure error 0.260 4 6.480E-003 Pure error 4368.13 4 1092.03

The sum 1 28 The sum 49 960.08 28

influence degree of the test factors on the soil-covering thickness
from large to small is: forward speed x,, sharp angle x;, sharp angle
height x, and ballast x,.

According to the results of analysis of variance in Table 4, the
p-value of grain spacing model was 0.0046<0.01, indicated that the
model was very significant. According to the p-value, the effect of
test factor x; on grain spacing was very significant, x4, x, x5, X7, X3
and x; were significant, and other factors had no significant effect
on grain spacing. The influence degree of test factors on particle
spacing from large to small was as follows: sharp angle height x,,
ballast pressure x,, forward speed x; and sharp angle x;.

According to the results of analysis of variance in Table 5, the
p-value of soil compactness model was 0.0366<0.05, indicating that
the model was significant. According to the p-value, the test factors

Soil compaction/cm

a. Response surface of
X3 X, to grain spacing

b. Response surface of
X4 X, to soil compactness

X1, Xo, X1 X4 X3 X4, X3, X3 had significant effects on soil compactness,
and other factors had no significant effects on soil compactness. The
influence degree of test factors on soil compactness from large to
small is: forward speed x;, ballast pressure x,, sharp angle x; and
sharp angle height x,.
4.4.2 Response surface analysis

The response surface method was used to analyze the influence
of the four test factors on the three indicators. From Tables 3-5, it
could be seen that the interaction of test factors x,x; had a
significant impact on the grain spacing, and the interaction of test
indicators x.x, and x,x, had a significant impact on the soil
compactness. Therefore, the response surface method was used to
analyze it, and the response surface was obtained, as shown in
Figure 12.

c. Response surface of
X, X, to soil compactness

Figure 12 Response surface of test factors to indicators

It could be seen from Figure 12a that the grain spacing first
increased and then decreased with the increase of ballast pressure,
and also increased and then decreased with the increase of sharp
angle. When the ballast pressure and sharp angle were in the middle
area, the value of grain spacing was closest to 5 cm, and the effect
of sowing grain spacing was better. It can be seen from Figure 12b
that the soil compactness gradually increased with the decrease of
forward speed and the increase of sharp angle height. With the
increase of sharp angle height, the forward speed gradually
increased between 6-8.4 m/min and slightly decreased between 8.4-
10 m/min; It could be seen from Figure 12c¢ that the soil

compactness basically increased first and then decreased with the
increase of ballast pressure, increased gradually between 280-400 N
and decreases gradually between 400-550 N with the increase of
sharp angle height.
4.4.3 Optimization of test parameters

In order to obtain the best working parameters of soil-covering
thickness, grain spacing and soil compactness, taken the forward
speed, ballast pressure, sharp angle and sharp angle height as
independent variables and the optimal soil-covering thickness, grain
spacing and soil compactness as the goal, the best working
parameter combination of the planter was obtained by analyzing the
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results of the quadratic orthogonal combination test with the data
analysis software Design-Expert 10: the forward speed was
6.5 m/min, ballast pressure was 360.51 N, sharp angle was 67.39°
The height of the sharp angle was 1.03 cm. Under this condition, the
soil-covering thickness reached 0.66 cm, the grain spacing reached
4.6 cm, and the soil compactness reached 303.05 kPa.
4.5 Verification test of test results

In order to further verify the soil-covering and soil-compacting
performance under the best parameters, the verification test was
carried out according to the best parameter combination. Considered
the actual processing conditions, the best parameter values are
rounded. The forward speed was 6.5 m/min, the ballast pressure was
360.5 N, the sharp angle was 67°, and the sharp angle height was 1
cm. The test site is shown in Figure 13.

Figure 13 Soil-covering and soil-compacting process

In order to eliminate random errors, three groups of tests were
carried out, and the average values of the three groups of test
indexes were taken to obtain the comparison test results, as listed in
Table 6.

Table 6 Test verification results

Test tyne Soil-covering Grain Soil
yp thickness/cm spacing/cm  compactness/kPa
Software analysis 0.66 4.60 303.05
value
Test verification 0.64 503 321.77
value
Error/% 3.03 9.35 6.18

The experimental verification results showed that the soil-
covering thickness of Panax notoginseng seedling planter was
0.64 cm, the grain spacing was 5.03 cm, the soil compactness was
321.77 kPa, and the error was within 10%, which was basically
consistent with the software analysis results. The operation effect
met the agronomic requirements of Panax notoginseng seedling
sowing, and the best parameter combination could provide guidance
for production practice.

5 Conclusions

1) According to the special agronomic requirements of shallow
sowing depth and dense seed ditches of Panax notoginseng, a sharp
angle roller soil-covering and soil-compacting device was designed.
Through the rolling calculation of soil-covering and soil-
compacting wheel, the movement of soil particles and the analysis
of the subsidence of soil-compacting wheel, it is determined that the
diameter of soil-covering and soil-compacting wheel was 20 c¢m, the
sharp angle height range was 0.8-1.6 cm, the sharp angle range was
45°-105°, and the maximum stiffness of spring was 38.54 N/mm.

2) The simulation analysis of seed stress, soil-covering and soil-
compacting effect under different sharp angle height and angle was

carried out, and the sharp angle parameter range of soil-covering
and soil-compacting wheel was further determined. The results
showed that when the sharp angle height range was 0.8-1.2 cm and
the sharp angle range was 60°-90°, the seed stress uniformity, soil-
covering and soil-compacting effect were relatively good.

3) Taken the forward speed, ballast pressure, sharp angle and
sharp angle height as the test factors and the soil-covering thickness,
grain spacing and soil compactness as the indexes, the four factor
and three-level orthogonal combination test was carried out, and the
soil-covering and soil-compacting performance under the best
parameters is verified through the whole machine test. The results
showed that when the forward speed was 6.5 m/min, the ballast
pressure was 360.5 N, the sharp angle was 67° and the sharp angle
height was 1 cm, the soil-covering thickness the grain spacing and
soil compactness were 0.64 cm, 5.03 cm and 321.77 kPa
respectively, which met the agronomic requirements of seedling
raising and sowing of Panax notoginseng. The research could
provide guidance for production practice.
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