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Design and test of centrifugal disc type sowing device for
unmanned helicopter

Cancan Song*?, Zhiyan Zhou>**", Xiwen Luo?, Yubin Lan'?, Xingang He'?,
Rui Ming', Keliang Li*%, Shahbaz Gul Hassan'~

Technology, Guangzhou 510642, China; 3. Key Laboratory of Key Technology on Agricultural Machine and Equipment
(South China Agricultural University), Ministry of Education, Guangzhou 510642, China)

Abstract: In China, it is difficult for manned aircraft to sow seeds in small and scattered plots, especially in areas including
hills, swamps, telegraph poles, windbreaks, and residential areas; in such terrain, the sowing machinery cannot function
properly. However, unmanned helicopters (UHs) are flexible enough to control and adapt to the complex environments that

are not easily accessible by terrain sowing machinery and large agricultural aircraft, which have been widely used in agriculture.

In this study, a centrifugal disc-type sowing device for an unmanned helicopter (CDTSDUH) was designed. The factors
influencing the seed velocity when the seeds move away from the disc were explored by analyzing the forces of the seed acting
on the sowing disc and the wind field of the UHs. The influential factors include the distance from the falling mouth to the
center of the disc, the offset angle of the falling mouth, and the rotation speed of the disc. An orthogonal test was designed
with the sowing width and the curvature of the sowing area as the indexes. The test results showed that the three factors
mentioned above had a greater impact on the sowing width than the curvature of the seeding area. Moreover, the superior
parameters of the disc were determined. It was also suggested that the above factor levels had little effect on the offset width
of sowing. The results of the test conducted for studying the sowing uniformity of the CDTSDUH indicated that the
maximum and minimum difference values among the number of particles of the sampling points in the forward direction was
11 and 8, and the coefficient of variation of the number of particles in each row was more than 20%, indicating less uniformity
was achieved when sowing in the lateral (perpendicular to the forward direction) direction, as compared to that in the forward
direction. This study determined the ideal values for the radius of particles position, the offsetting angle, and the disc speed of
the sowing machinery designed. Furthermore, considering that there are so many factors that influence the manner in which a
UH functions, more analysis results and test data of influencing factors need to be acquired by experiments. The uniformity of
sowing needs to be further improved. The results provided some theoretical and experimental references for the technology
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device for unmanned helicopter.

1 Introduction

The introduction of agricultural aviation technology opened up
a new direction for the mechanization of crop planting!"?. The
use of agricultural aircraft started worldwide many years ago, as a
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Design and test of centrifugal disc type sowing

large number of light aircraft were converted into agricultural
aircraft for performing spraying operations®! after World War II.
Then, many countries began to use a wide range of aircraft for
planting and fertilization.
the United States are planted by airplanes, and 100% of rice
topdressing works are performed by aircraft. According to
statistics, there are more than 4000 agricultural aircraft currently
used in America, which includes single rotors, twin rotors, and
helicopters. Moreover, manned fixed-wing aircraft accounted for
approximately 88% of agricultural aircraft™®. In Japan, broadcast

Presently, at least 37% of rice fields in

sowing ~was performed mainly using artificial and
remote-controlled helicopters®.. Other countries also employed
artificial aircraft, mainly for large contiguous operation areas.

The main rice producing district in China, i.e., southern China,
has many issues involving scatter, paddy fields, great height
difference, depth of mud, excess rain. In particular, there is deep
latent layer and poor drainage in cold leaching fields, one of the
main low-yield paddy field areas. Cold leaching fields account
for 44.2% of low-yield paddy field areas and 15.07% of the total

paddy field areas in China. Planting in such terrain is difficult
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7 In the rice stubble area of the

using sowing machinery
Yangtze River Basin, compaction damage on the surface soil
caused by large-scale ground machinery has an adverse effect on
the emergence rate of the next season’s crop. As a result, it is
difficult for large machinery to start field operations. It is also
difficult for small machinery to achieve a good sowing effect under
the condition of straw incorporation™.  Depending on the
production conditions in the hilly drylands of the southwestern
areas, small sowing machinery is used for sowing, but it is
time-consuming and laborious™.  In addition, there are 2.2 million
hectares of coastal beach areal'” and approximately 11 million
hectares of swamp area in Chinal'! continuously or dispersedly,
where ground machinery is not suitable for sowing.

In some special areas, the general terrain sowing machinery
cannot meet the requirements of production’>'.  Recently, in the
barren hills, large deserts contiguous to the area of Shaanxi,
northeast and other places in China, aerial and other sowing
operations have been carried out, with good economic and
ecological benefits!''7.  Although they offer high efficiency,
unmanned agricultural aircraft (UAA) require special airports to
take off and land.  There is a need for UAA to work in limited and
contiguous areas, but they cannot adapt to the complex and small
dispersed areas, especially in some windbreaks, residential land,
and arecas with poles. In recent years, the flight control
technology of unmanned helicopters (UHs) has developed rapidly
owing to improvements in path planning operations, increase in
safer landings, and quicker real-time responses to the operating
environment!'™,  All of these technologies provide the UHs with
strong support in sowing operations. UHs are flexible to control
and can fly at ultra-low altitudes without terrain constraints!'”. In
addition, the UHs can be easily employed in places where terrain
machinery and manned aircraft are not suitable.

Existing terrain disc-type sowing devices are mostly of the
traction or hanging type, relying on ground machinery to provide
power?”.  The UAA sowing devices rely mainly on the driver to
manipulate the handle and control the seed falling mouth at the
bottom of the aircraft. Terrain sowing devices and UAA sowing
devices cannot be used directly on the UH because of the type, the
small size of the UH, and its ability to carry only limited load™'.
In order to study the sowing devices suitable for the UH, as a
supplement to the terrain sowing devices and UAA sowing devices,
a centrifugal disc-type sowing device for an unmanned helicopter
(CDTSDUH) was studied. The working principles, seed
movement analysis, sowing width, and distribution were analyzed,
and the parameters of sowing width and uniformity were
optimized.

2 Structure and working principle

The CDTSDUH was mainly composed of an external force
feed® and a light centrifugal disc. The traditional external force
feed was optimized by increasing the groove width and diameter,
which improved the speed, reduced the pulsation phenomenon'®’,
and formed continuous particle flow. With an overall compact
structure, lightweight metal materials, and large-torque light motor,
this sowing device was more conducive when being used with the
UH in low-altitude and high-speed operations. As shown in
Figure 1, the seed particles fall into the centrifugal disc from the
falling mouth through the external force feed and move to the edge
of the disc via centrifugal force and friction; as a result, the seed
particles get scattered, forming falling areas. The quantity and
width of sowing can be adjusted according to the sowing height

and speed of the UH.

1. Hairbrush 2. Seed cup gate 3. Centrifugal disc 4. Dynamo 5. Seed roller
A. filling area B. seed flow layer C. seed outlet

Figure 1 Schematic diagram of centrifugal disc-type sowing

device
3 Design and analysis

3.1 Kinematic analysis of particles on centrifugal disc

Grain particles were irregular and varied before touching the
blades.
trajectories were helix, and once they come into contact with the

The movements of the particles were complex, the

blades, they move along the blades, and finally get scattered away
from the edge of the centrifugal disc, as shown in Figure 2.
According to the theory of physics, it was found that a particle M
falling on any point A of the centrifugal disc at zero initial velocity
can achieve the velocity at the edge of the disk as depicted in the
following formula (when neglecting the interaction between the
particles)?*:

_or
sinf

where, V' is the velocity of the particles leaving the disk, m/s; w is

v )

the angular velocity of the disk, rad/s; r is the distance between the
particle on the centrifugal disc and the center of the disc, m; f is the
angle between the particle velocity and the particle in the
diametrical direction, (°); ¥ is the angle between the position of the
particles on the edge of the centrifugal disc and the forward
direction, (°).

Therefore, the main influencing factors of the velocity of the
particles from the centrifugal disc are w, r, and f.
3.2 Kinematic analysis of particles in wind field

After leaving the centrifugal disc, the particles mainly moved
in the air flow, as they were affected by the wind field. Studying
the distribution of the wind field can help in analyzing the
movement of the particles in the wind field as well as the particle
trajectory. The results showed that the distributions of the UH
wind field were different in X-, Y-, and Z-directions (the X-direction
represented the direction of in which the helicopter moves forward,
the Y-direction represented the horizontal direction perpendicular to
the forward direction of the UH, and the Z-direction represents the
vertical direction), the width of the wind field in the X-direction
was significantly larger than that the Y-direction, and the
Z-direction wind speed was the smallest’®, As shown in Figure 2,
the three-dimensional wind system was established, with the X-axis
parallel to the forward direction of the UH, the Y-axis
perpendicular to the flight direction, and the Z-axis perpendicular to
the ground.

X-axis: F.=m av, , F.=mk? )
. a0 .
ve=w =V, V., =Vcos 3)
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where, F(x, y, z) represents the forces of the airflow on the particles
in three directions, N; m is the particle mass, g; V(x, y, z) represents
the absolute velocities of the particles in the three directions (m/s),
the initial values are V,=Vcosf, V,=Vsin0, and V.=0; K is the
coefficient, relating to the relative velocity of the grain particles,
the air flow, and grain characteristics; W,,. represents the
velocities of the air flow in three directions; V., . represents the
relative velocities of the airflow and grain particles in the three
directions; 6 is the angle between the velocity of the grain at the
edge of the disc and the X-axis, (°).

Forward direction

Figure 2 Diagram of particle motion off the centrifugal disc

During the falling process, the forces in the X- and
Y-directions affect the sowing width of the grain particles
together, which benefits sowing.
of the grain particles increase more obviously when the wind
speed is increased along the direction of the Y-axis. The force
acting along the Z-axis on the grain particles affects landing time.

In particular, the sowing width

When the velocity of the air flow is less than approximately 3 m/s,

the air resistance is small when compared to the grain weight
itself?®l; however, the wind field under the UH fuselage has a
considerable impact on the grain particle trajectory. For
example, just about 0.5 m under the UH fuselage, the airflow
velocity was more than 3 m/s?".
states and trajectories of the grain particles in the airflow were

Therefore, the movement

related to the velocity of the air flow in the rotor wind field, the
velocity of the grain particles, the direction of the airflow, the
initial velocity, and the direction angle of the grain particles
entering the air flow field®],
3.3 Sowing device integrated control for the UH
3.3.1 Sowing control system components

As shown in Figure 3, the control part of the sowing device
was mainly composed of the flight control system, the sowing
decision system, the seeding motor and controller, the disk motor,
the controller, and the human-computer interaction system. The
flight control system was used to control the UH flight operations
and for path planning®”.
to control the extent of sowing.

The sowing decision system was used
The sowing motor and the
controller were used to control the grain particle sowing, response,
and feedback sowing decision system, and the disk motor and the
controller were used to control the sowing disc, control the sowing

width, response, and feedback sowing decision system. The
man-machine interaction system provided the control panel, which
sets the parameters of the sowing device.

Seedling motor

‘. and controller

Figure 3 Diagram of the components of the sowing control
system

3.3.2  Working principle of the sowing control system

Different rice varieties corresponded to different quantities
when sowing. When sowing with the UH, path planning should
be carried out and then, the UH operating altitude, motor speed,
and speed of the disc motor need to be set. It was necessary to
know the requirements of the sowing quantity and cultivated area
to achieve the required sowing width in terms of the spread and
uniformity. First, the UH is lifted to a predetermined height to
start the disc motor and adjust it to the preset speed. Following
this, the sowing motor is started and adjusted to the preset speed,
by doing which the UH is controlled to sow.

4 Sowing device parameters

The sowing width was perpendicular to the direction of the UH.
An appropriate width is one of the important indexes in the design
of the sowing device to increase the UH single flight coverage area
and improve operational efficiency, considering that the UH has
limited load carrying capacity and can fly for only a short duration.
It was essential to study the effect of the factors of the sowing
width to obtain the appropriate width. First, the sowing disc was
tested on an indoor table with a height of 1 m.

—— TSt table

Hopper

Sowing disc

Disc motor

Mobile support

Figure 4 Test bed structure

As can be seen in Equation (1), the velocity of the grain
particles away from the device was related to the rotational speed
of the disc. The distance of the grain particles on the disc to the
edge of the disc, the angle between the grain velocity, and the
diametrical direction were related to the width. It was necessary
to determine the optimal position of the mouth to find the
appropriate spreading span. The three levels and three factors that
were tested are listed in Table 1. The distribution of the locations
of the falling mouth is shown in Figure 5. Because the radius of
the falling point, the offset angle of the falling point, and the
rotation speed of the disk shared no relationship, the interactions
between the factors were neglected.
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Table 1 Three factors and three levels of the test

Factor A Factor B Factor C
Levels
Radiuses of particles position/m  Offset angles/(°) Speeds/r-min™
1 18 0 500
2 37 30 750
3 55 60 1000

Note: 1. the radius of the falling point refers to the grain particles falling on the
disc to the center of the disc to the center of the distance; 2. offset angle is the
direction of the forward direction of the UH, grain placement along the radius of
the direction.

A Forward direction

Figure 5 Distribution of seed falling positions

In order to ensure that test results are accurate, the impact of
non-test factors can be excluded by ensuring the disc motor can be
moved in the horizontal plane of two mutually perpendicular
directions. The falling mouth of the hopper was rectangularly
crossed, and the length from the mouth to the top of the disc was
approximately 2-3 mm. The test disc diameter was 150 mm, the
thickness was 2 mm, while 3 leaves were linear, the height was
16 mm over the center, and there was no eccentricity. The rice

used for the tests was Huanghuazhan (water content: 15.2%, sliding
friction angle: 28.5°, weight of 1000 grains is 22.5 g), which was
filtered and cleaned. The sowing quantity of rice was 2 kg, and
the test time was 30 s. The falling area of the disc was curved and
the curvature of the falling area had a greater influence on the
uniformity. We took the real-tested width and the curvature of the
falling area as indicators. The width was measured as follows:
based on the center line in front of the test bench where the disc
was located, the inoculation cloth was tilted on the ground in front
of the test bench, and the length of the seed falling belt
perpendicular to the baseline was measured, indicating that the
efficiency increases with the width. The curvature of the seed
falling area was measured as follows: first, the end positions of the
seed falling belt were determined and the two end points were
marked, after which the maximum distance between the midpoint
of the two end points and the arc of the seed falling belt were
measured. This distance was the curvature of the belt. The
shorter the distance, the smaller was the curvature of the drop.
4.1.1 Orthogonal test results and range analysis

The test and range analysis results are given in Tables 2 and 3,
respectively. K value is the sum of the results of various factors, £
is the average value of K according to the optimal level of each
factor that can be determined, and R value is the difference between
the maximum and minimum value of k, determining the primary
The results showed that the
main factors of the width were CBA, in order, the optimal

and secondary order of the factors.

combination was C3B1A3, the main factors impacting the
curvature of seed falling area were ACB, and, hence, the optimal
combination was A3C3B3. Moreover, Table 3 shows that the
effects the levels of each factor had on the curvature of the seed
falling area were small, so the ideal combination of the three
factors was C3B1A3.

Table 2 Orthogonal test programs and results

Test numbers ~ Radiuses of particles position (A)/mm Offset angles(B)/(°)  Speeds(C)/rmin”  Measured widths/m Chord lengths of particles falling area/m
1 1(18) 1 (0) 1 (500) 4.64 0.86
2 1(18) 2(30) 2 (750) 4.78 0.89
3 1(18) 3 (60) 3 (1000) 4.81 1.01
4 2(37) 1(0) 2 (750) 5.01 0.98
5 2(37) 2(30) 3 (1000) 5.11 1.02
6 2(37) 3 (60) 1 (500) 4.31 1.00
7 3(55) 1 (0) 3(1000) 5.32 1.14
8 3(55) 2(30) 1 (500) 4.46 1.10
9 3(55) 3 (60) 2 (750) 4.89 1.10
Table 3 Results of range analysis
Measured width/m Chord length of particles falling area/m
Factor A Factor B Factor C Factor A Factor B Factor C

K1 14.23 14.97 13.41 2.76 2.98 2.96

K2 14.43 14.35 14.68 3.00 3.01 2.97

K3 14.67 14.01 15.24 3.34 3.11 3.17

k1 4.74 4.99 4.47 0.92 0.99 0.99

k2 4.81 4.78 4.89 1.00 1.00 0.99

k3 4.89 4.67 5.08 1.11 1.04 1.06

Range R 0.15 0.32 0.61 0.19 0.05 0.07

Optimum level A3 B1 A3 B3 C3

Order CBA ACB
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offset distance at different locations were measured by tape. The
effective width referred to the transverse propagation distance
perpendicular to the forward direction, excluding the end area
where the sowing quantity was less than the conventional rice
seeding requirement (180 grains/m®). The effective offset
distance referred to the width relative to the effective sowing width
on the left side of the forward direction.

5 Experiment distribution and

uniformity

on sampling

5.1 Distribution area

It can be seen from the table test that the falling area was not
symmetrically distributed around the forward direction of the UH,
but biased. As seen in Table 5, the effective width and effective

Table 5 Distribution of seed falling regions

Position of seed falling port

Effective width/m
1 2 3 4 5 6 7 8 9
G 491 4.78 4.76 5.01 4.98 4.87 5.22 5.15 4.39
Gl 2.46 2.40 2.54 2.42 2.45 2.43 2.26 2.30 2.32
Offset distance 0.005 0.01 0.16 0.085 0.04 0.005 0.35 0.275 0.125

Note: G is the effective width, G1 is the offset distance of seed falling regions, along the left side of the UH, the offset distance is the absolute differences between the

half effective width and effective offset distance; The disc speed is 750 r/min.

Table 5 shows that, in the same direction, the offset width of
the falling area increased by increasing the radius of the falling
mouth and the offset angle of the falling export. The maximum
offset distance was 0.35 m and the minimum value was 0.005 m,
and the effective offset distance was not drastically affected by the
radius and the offset angle.

5.2 Sowing uniformity test

Based on the theoretical analysis of the factors affecting the
sowing uniformity and the experimental study on the performance
parameters of the sowing disc, the sowing device was mounted on
the UH to test the sowing uniformity. Test material: UH
(Xiangnong TXA-16 planting UH, the maximum load is 16 kg, the
ideal operating height is 1-3 m, and the ideal operating speed is
6 m/s). The rotation speed of the sowing disc was 1000 r/min,
and the distance from the seed falling position to the center of the
disc was 55 cm without bias. The rice (Huanghuazhan) was
selected, soaked, and the sowing quantity was 1.33 kg/min. As
shown in Figure 6, three rows of collection points (a total of 57)
were initially set along the UH in the forward direction according
to the range of the width obtained from the previous distribution
tests and symmetrically distributed along the baseline of the UH
trajectory. The distances between sampling points were 30 cm X
50 cm (row x column). The test area and sampling points (size of
22.6 cm x 16.4 cm) are shown in Figure 7. On the test day, the
wind level was 2, the flight height of the UH was 1 m, and the
flight speed was 3 m/s.

A Forward direction

Firstro“'l:H:H:'. 10 ool:H:’m
Secondrow [ [ ][ e eele oo [[ |
ThirdruwI;]Ez,?’. selece B ng

Figure 6 Positions of sample

Figure 7 Real sampling points and test area

The number of falling grain particles was collected in different
rows (Figures 8-10). Figure 8 shows that the particle distribution
had a larger fluctuation in the first row (the maximum difference
between the number of particles is 11). Figure 9 shows the
particle distribution in the second row. On the left of the forward
direction, the distribution curve was stable, contrary to the other
side. Figure 10 shows the particle distribution in the third row.
As a whole, the particle distribution had a smooth fluctuation, and
the difference was not large, as shown in Figure 11. A statistical
analysis of the number of particles at each collection point is shown
in Table 6. As seen, the number of particles among the three rows
was not very different, indicating good uniformity in the forward
direction. The coefficient of variation of the number of particles
in each row was more than 20%, indicating that the uniformity in
the horizontal direction was poor. Figure 7 shows the distribution
of particles at each collection point. Specifically, the histogram
represents the number of particles at each of the three collection
points, and the curve represents the average of the number of
particles in each column, excluding the two sampling points at both

20

Number of particles

1 1

0 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1
1 2 3 45 6 7 8 91011 1213 14 15 16 17 18 19
Particle collection points
Figure 8 Statistics of particle counts in the first row
20

Number of particles
=
T

II-I
16 17 18 19

0 ] 1 1 1 1 L 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 91011 1213 14 15
Particle collection points

Figure 9  Statistics of particle counts in the second row



60  March, 2018 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

Vol. 11 No.2

20

Number of particles

1 2 3 4 5 6 7 8 91011 1213 14 15 16 17 18 19
Particle collection points

Figure 10 Statistics of particle counts in the third row

20

Number of particles
=
T

0 IR S S R R
1 2 3 45 6 7 8 91011 1213 14 15 16 17 18 19

Particle collection points

Figure 11  Average statistics of particle counts in all rows

Table 6 Uniformity analysis of particle counts in each
collection point

Lines average  difference  std. deviation Coefficient of variation/%
1 11.89 11 2.76 23.22
2 11.59 10 3.08 26.62
3 11.53 8 2.65 2297

ends. The reasons are as follows: 1) the air flow under the UH
has a great influence on the seed particle movement; 2) the falling
area of sowing is a complex superposition of the arc areas, which
will surely cause differences in distribution of the number of
particles in the grain falling area and affect the uniformity.

6 Conclusions

A centrifugal disc-type sowing device for an UH was designed.
The rotation speed of the disc, the distance from the falling export
to the center of the disc and the offset angle of the seed outlet were
analyzed, and the optimal combination was established. Tests to
determine the uniformity and the width of sowing were carried out.

The results showed the following conclusions:

1) The distance between the position of the falling mouth and
the center of the disc (A), the offset angle of the exit position from
the forward direction (B), and the rotation speed (C) had an effect
on the sowing width in the descending order: C, B, A, and had an
effect on the curvature of the seed falling area was in the
descending order: A, C, B. Between the two, the former was
more important.

2) The rotational speed of the disc, the distance from the
falling export to the center of the disk, and the offset angle of the
falling mouth had little effect on the offset of the width.

3) The uniformity test on the ground showed that the
coefficient of variation of uniformity in the transverse direction
(perpendicular to the UH advancing direction) was more than 20%,
and the differences of the number of particles between the rows of
the UH were not immense.

Though the centrifugal disc-type sowing device for UH
functioned normally, the sowing scale was small, and the sowing
uniformity should be improved. Moreover, the parameters of the
key components such as the seeding device and the centrifugal disc
need to be further optimized. The effects of the operation height
during sowing operations need to be explored, and plenty of field
test data to calibrate sowing parameters are also required, in order
to consider more influencing factors impacting the field operations
of the UH.

Acknowledgments

The authors acknowledge that this work was financially
supported by the Science and Technology Plan of Guangdong
Province of China  (Project No. 2017B090907031,
2017B090903007, 2015B020206003, 2014B090904073), and
Innovative Research Team of Guangdong Province Agriculture
Research System (2017LM2153) for funding this research. The
authors also thank the anonymous reviewers for their critical
comments and suggestions to improve the manuscript.

[References]

[1] Luo X W. Thinking of speeding up the development of our country
agricultural aviation technology. Agricultural Technology and Equipment,
2014; 5(281): 7-15. (in Chinese)

[2] Zhou Z Y, Zang Y, Luo X W, Lan Y B, Xue X Y. Technology
innovation development strategy on agricultural aviation industry for plant
protection in China. Transactions of the CSAE, 2013; 29(24): 1-10. (in
Chinese)

[3] Zhang Y C. Sketch of the current development situation and technology
innovation of the world agricultural aviation.
Mechinery, 2013; 4(2): 16—17. (in Chinese)

[4] Zhang C. Development of the aircraft plant protection and agricultural
aviation application technology in American. Journal of Era of
Agricultural Machinery, 2015; 42(7): 168. (in Chinese)

[5] Zhang Y. The application of remote control helicopter agriculture in
Japan. World Agriculture, 1997; 4: 49-50. (in Chinese)

[6] Zhang P, Zheng HG, YuJ X. Study on the improving technology of cold
soak field in the high land area. Journal of Yunnan Agricultural
University, 2005; 20(5): 665-670. (in Chinese)

[7]1 JiaoJ G, Zhang HJ, He D L. Character and improving measures of cold

Hunan Agricultural

spring paddy soil in China. Journal of Agricultural Science, 2012; 40(7):
4247-4248. (in Chinese)

[8] LiCS, Tang Y L, Wu C, Huang G. Effect of sowing patterns on growth,
development and yield formation of wheat in rice stubble land.
Transactions of the CSAE, 2012; 28(18): 36-43. (in Chinese)

[9] Tang YL,LiCS, WuC, Wu XL, Huang G, Ma X L. Effects of sowing
patterns on establishment quality, grain yield and production benefit of
intercropping wheat in hilly countries. Chinese Agricultural Science,
2013; 46(24): 5089-5097. (in Chinese)

[10] Ren M E. Current Situation and Countermeasures of Mudflat
Development and Utilization in China. Journal of Chinese Academy of
Sciences, 1996; 14(6): 440—443. (in Chinese)

[11] Wan T B. Marsh resources and its development and protection in China.
Journal of World Environment, 1991; 1: 24-25. (in Chinese)

[12] Yang M L, Bai R P, Liu M, Tu Z Q. Development of agricultural
mechanization and construxtion of modern agriculture. Transactions of
the CSAM, 2005; 36(7): 68—72. (in Chinese)

[13] Chen D C, Liu W X. Discussion of the south rice mechanization
production mode. Journal of Guangxi Agricultural Mechanization, 2000;
3:4-6. (in Chinese)

[14] You G W. Discussion on the development suggestions and the problems
existing in the mechanization of rice production. ~Agricultural Machinery
Use and Maintenance, 2015; 12: 22-23. (in Chinese)

[15] Greipsson S, El-Mayas H. Large-scale reclamation of barren lands in
iceland by aerial seeding. Land Degradation and Development, 1999; 10:
185-193.

[16] Xiao X, Wei X H, Liu Y Q, Ouyang X Z. Aecrial seeding: An effective



March, 2018

Song C C, et al.

Design and test of centrifugal disc type sowing device for unmanned helicopter

Vol. 11 No.2 61

[17]

(18]

[19]

[20]

(21]

[22]

(23]

forest restoration method in highly degraded forest landscapes of sub-tropic
regions. Forests, 2015; 6(6): 1748-1762.

Xu F.  Apply and market prospect of agricultural plant protection UAV.
Agricultural Equipment Technology, 2016; 42(1): 49-51. (in Chinese)

Lan Y B, Chen S D, Fritz B K. Current status and future trends of precision
agricultural aviation technologies. Int J Agric & Biol Eng, 2017; 10(3):
1-17.

Ruan X D. Agricultural UAV, the helper of modern agriculture.
Economy Weekly, 2015-04-05. (in Chinese)

Zhao D W, Meng Y. Research on the mechanized precision seeding
technology. Agricultural Science & Technology and Equipment, 2010; 6:
58-60. (in Chinese)

He X K, Bonds J, Herbst A, Langenakens J.
unmanned aerial vehicle for plant protection in East Asia.
Biol Eng, 2017; 10(3): 18-30.

Pan S Q. Experimental study of the horizontal disc type spreader parts.
Changchun: Jilin Agricultural University, 2004. (in Chinese)

Sun Q L, Zhao H L, Zhang X H. Current situation and development of
seed sowing devices. Shandong Agricultural Mechinery, 2002; 2: 8-9. (in
Chinese)

New

Recent development of
Int J Agric &

[24]

[25]

[26]

[27]

(28]

[29]

Du X Q, Xiao M H, Hu X Q, Chen J N, Zhao Y. Numerical simulation
and experiment of gas-solid two-phase flow in cross-flow grain cleaning
device. Transactions of the CSAE, 2014; 30(3): 27-34. (in Chinese)
LiJY, Zhou Z Y, Hu L, Zang Y, Xu S, Liu A M. Optimization of
operation parameters for supplementary pollination in hybrid rice breeding
using round multi-axis multi-rotor electric unmanned helicopter.
Transaction of the CSAE, 2014; 30(11): 1-9. (in Chinese)

Zhao Y N, Sun Y Z, Mo D J. Research and development of a gas flow
sensor with suspending gyrorotor. Journal of Beijing University of
Chemical Technology, 1998; 25(4): 67-72. (in Chinese)

Hu L, Zhou Z Y, Luo X W, Wang P, Yang Y A, LiJ Y. Development
and experiment of a wireless wind speed sensor network measurement
system for unmanned helicopter. Transactions of the CSAM, 2014; 45(5):
221-226. (in Chinese)

Deng C X, Tao D C, Gao J P. Dynamic characteristics and factors
affecting performance of air-stream cleaning windmill. Transactions of
the CSAE, 2006; 22(4): 121-125. (in Chinese)

Ahmed B, Pota H R, Garratt M. Flight control of a rotary wing UAV
using backstepping. International Journal of Robust & Nonlinear Control,
2010; 20(6): 639-658.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


