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Design and experimental study of seed precise delivery mechanism for
high-speed maize planter
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Abstract: Aiming at improving the seed spacing uniformity of maize planter at high forward speed, a seed precise delivery
mechanism driven by electric motor has been developed and evaluated in laboratory. The mechanism was designed to deliver
single seed from seed meter to furrow. Seed’s movement from the seed release point in a seed meter to the seed delivery
cavity in the belt was analyzed, the mathematical model of seed movement in the seed precise delivery mechanism was
established based on seed delivery time analysis. A mechanical prototype was designed and associated control system was
developed. The performance contrast experiment was conducted between a traditional seed tube and newly developed seed
precise delivery mechanism, and test results indicated that the qualities of feed index of the seed precise delivery mechanism were
higher than those of the traditional seed tube delivery mechanism, and the coefficients of variation of the seed precise delivery
mechanism were lower than those of the traditional seed tube delivery mechanism when the forward speed of planter was set at
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10 km/h, 12 km/h and 14 km/h, respectively.

It indicated the seed precise delivery mechanism significantly improved seed

spacing uniformity of maize planter compared with the traditional seed tube delivery mechanism.
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delivery mechanism for high-speed maize planter.

1 Introduction

Precision sowing is the preferred method among different
sowing techniques, since it provides more uniform seed spacing
compared with other methods.  Singh et al.l'"! provided a definition
of precision planting, which is placement of single seed into the
soil at the desired plant spacing. The distribution of spacing
between plants in a soil bin or in the field has been used as a
performance parameter™®. The sowing devices equipped with
single seed metering devices are called precision planters. High
speed and high efficient precision planting technology is becoming
more widespread in maize planting because of the advantages of
seed-saving, avoiding seedling thinning, keeping seed spacing
uniformity both in longitudinal distribution and in depth, and
increasing crop yield). The main objective of precision sowing
was to ensure that the seeds are put at a desired inter-row spacing
and depth, which resulted in higher emergence rate and increased
crop yield by decreasing competition between plants for available
light, water, and nutrients'™.
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Design and experimental study of seed precise

Seed spacing uniformity in the field is mainly influenced by
precision seed-metering system, which is the core part of a
precision planter. The precision seed meter is used to separate
seed from seed group, forming uniform and orderly seed flow, the
seed guide device mounted below the outlet of the seed meter is
used to guide seeds to drop from a seed meter into the furrow
opened in the ground. Some high-performance seed meters have
been developed, such as the vSet meter developed by Precision
Planting Corporation in the USA produced superior results with the
quality of feed index of 99.06% at the speed of 12 km/h in the
meter testing by a bench experiment. A pneumatic maize
precision seed meter with combined seed holes developed by Shi et
al. ¥ reached the quality of feed index up to 98.60% at the speed of
12 km/h in seed meter testing. Seed drill performance with regard
to seed spacing was measured using different methods!'®'".
Erbach et al.!'® conducted a contrast experiment of seed spacing
uniformity between a planter equipped with a V-type double-disk
furrow openers with and without a seed tube and his conclusion
was drawn that the standard deviation of plant spacing without the
seed tube was 6.0 cm, which was significantly greater than with the
seed tube (4.4 cm). Moody et al.!'” stated that spacing variability
was mainly caused by the metering unit, and/or bounce of the seed
in the top half of the seed tube. Sowing performance is mainly
affected by the performance of seed meter and the design structure
of seed guide device, such as shape of seed guide device, tilt angle,
sectional area, length and smoothness. Seed guide device in
common use are divided into such two types as seed tube and
inverted parabolic curve seed guide device'™™. A seed tube was
designed and manufactured by Liu and Yang!" based on 3D
reverse engineering design, and test result indicated that it can
improve sowing quality effectively. Mathematical modeling of
seed tube was made based on mechanical analysis, and the curve of
seed tube obtained by computer (201

was programming



82  July, 2018 Int J Agric & Biol Eng

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

Vol. 11 No.4

Mathematical modeling of seed tube was built and kinematics of
seed tube was analyzed, curve equation and optimal value were
obtained finally®"l.

When rotational speed of seed plate was less than 30 r/min,
most seeds were discharged along the wall of seed guide device,
and the seed spacing uniformity met the requirement of precision
sowing. When rotational speed of seed plate was more than
30 r/min, the collision and bounce of seeds in seed tube aggravated
as mechanical vibration intensified, thus difficult to obtain accurate
delivery into the furrow at high operating speed of maize
planter24,

The aim of this study was to design and develop a new seed
precise delivery mechanism driven by motor, which can effectively
decrease the variability of seed spacing in soil and improve the
quality of feed index of high-speed planter. Mechanical prototype
was designed and associated control system was developed. A
performance contrast experiment was conducted between a
traditional seed tube delivery and a newly developed seed precise
delivery mechanism.

2 Materials and methods

2.1 Structure and working principle of seed precise delivery
mechanism

In order to improve seed spacing uniformity at high forward
speed of maize planter, a motor-driving seed precise delivery
mechanism was developed. As shown in Figure 1, the system
consists of a motor-driving air-suction seed meter, a motor-driving
belt type seed delivery device and a control system. The system
works this way: the negative-pressure fan began to work to create a
vacuum in air chamber in the seed meter after the system switch
was turned on, then the seed-prefilling switch was turned on, the
belt with partition board moved, driven by the meter-driving
motor. When the partition board arrived at the installation
position of U-shaped electro-optical sensor, pulley-driving step
motor stopped, and the feed shaft-driving step motor started to
work, one or more seeds were attached on a seed hole of seed plate
under the pressure difference and moved with the seed plate.
Extra seeds were eliminated when the seed hole with seeds passed
the seed eliminator located in the upper-left of the seed meter.
One seed was left on the seed hole and it entered seed-falling zone
with the rotation of the seed plate. When the first seed dropped
from seed plate and passed the installation position of diffuse
electro-optical sensor, the synchronous belt with partition board
began to move, the seed dropped to a seed delivery cavity and
moved with the synchronous belt with partition. When the
pulley-driving motor rotated for certain revolutions, the first seed
was delivered to the bottom of the belt-type seed delivery device.
When the sowing operation was ready to begin, double-motor
synchronizing drive switch was turned on, the forward speed of
maize planter was detected by the encoder mounted on the land
wheel, then appropriate rotation speeds of the two motors were
determined to match the forward speed of maize planter, the two
motors rotated in synchronization, and seeds dropped to the furrow
when the mechanism worked.
2.2 Design of motor driven seed precise delivery mechanism
2.2.1 Kinematic analysis of maize seed

As shown in Figure 2, when arriving at the seed-release
point with the seed plate rotating, the seed dropped from the seed
plate and entered the corresponding seed-delivery cavity under
the pushing force from seed pushing board and the seed’s own
weight.

|
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1. Air suction pipe 2. Seed inlet 3. Front case of seed meter 4. Rear case of
seed meter 5. Feed shaft-driving motor 6. Pulley-driving motor 7. Front
case of seed delivery device 8. Rear case of seed delivery device 9. Seed
eliminator 10. Seed plate 11. Seed-pushing board 12. Seed-guiding board
13. Left seed-protecting board 14. Diffuse electro-optical sensor 15. Driving
pulley 16. U-shaped electro-optical sensor 17. Right seed-protecting board
18. Synchronous belt with partition board 19. Double-headed stud 20. Seed
21. Partition board 22. Driven pulley
Figure 1 Structure diagram of seed precise delivery mechanism
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Note: O is the origin of coordinate; x-axis is the horizontal axis; y-axis is the
vertical axis; Vp is the forward speed of maize planter, km/h; 77 is the seed
falling velocity from seed-release point, m/s; n; is the rotational speed of seed
plate, r/min; R, is the distribution radius of seed hole in seed plate, m; « is the
seed release angle, (°); y is the angle between the mounting position of
electro-optical sensor and the vertical direction, (°); H, is the vertical distance
between the seed release point and the central point of driving pulley, m.
Figure 2 Schematic drawing of seed motion analysis

The velocity and displacement of seed from the seed-release
point to the seed-delivery cavity were calculated by using the
following formulas:

—=V,cosa
(M
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where, X is the seed’s displacement in the X direction, m; Y is the
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seed’s displacement in the Y direction, m; # is the time that the seed
takes to fall, s; V7 is the seed falling velocity from seed-release
point, m/s; a is the seed release angle, (°).

From Equations (1) and (2), the displacements of seed in the
horizontal direction and vertical direction were calculated by using
the following formulas:

X =Vtcosa

. 1 €
Y=V1t51n0(+5gt2 )

Appropriate horizontal distance and vertical distance from the
seed-release point to the central point of driving pulley must be
kept to make sure that seed enter seed delivery-cavity smoothly.
If the vertical distance was too large, strong impact of seed drop
would be generated and seed might rebound between the right
seed-protecting board and the seed-delivery cavity, and seed might
enter the next seed-delivery cavity mistakenly. This would result
in skip and multiple sowing. On the other hand, the vertical
distance can’t be too short due to the limitation of the seed-delivery
device’s structure. The horizontal distance was determined as
zero, and vertical distance was determined as H, (H,=50 mm).
The U-shaped electro-optical sensor was mounted at the angle of y
(y=45°) with the horizontal direction.

2.2.2  Analysis on balance time and determination of partition
board spacing

The application of belt-type seed delivery device can not only
reduce seed’s release height and decrease seed’s falling speed when
seed is in contact with the furrow, but also decrease seed’s bounce
in furrow, thus improving seed spacing uniformity.

As the core part of belt-type seed delivery device, synchronous
belt with partition board plays an important part in seed delivery
process, and design parameters of seed delivery cavity directly
affect the seed delivery. The synchronous belt with partition
board consists of several equidistance seed delivery cavities. The
distance of seed delivery cavity is one key design parameter.

Structure and kinematic parameters of belt-type seed delivery
device are shown in Figure 3.

In order to ensure single-seed precision sowing, the number of
seed delivery cavities that have passed U-shaped electro-optical
sensor installation position should be integral multiple of the
number of seeds that have released from the seed plate, and their
quantitative relation can be presented as

NnZt Vit
60 S

where, N is positive integral; n; is the rotational speed of seed plate,

“)

r/min; n; is the rotational speed of seed plate, r/min; Z is the
number of holes in seed plate; V; is the seed’s falling velocity from
belt-type seed delivery device, m/s; S is the length of the seed
delivery cavity, m; # is the seed’s fall time from seed-release point, s.

V; in Equation (4) can be expressed as:
Th,R,
= 5
2=73, (6))

where, 7, is the seed’s falling velocity from belt-type seed delivery

device, m/s; n, is the rotational speed of driving pulley, r/min; R, is
the outside radius of driving pulley, m.
From Equations (4) and (5):

(6)

where, N is positive integral; n; is the rotational speed of seed plate,
r/min; Z is the number of holes in seed plate; n, is the rotational

speed of driving pulley, r/min; R, is the outside radius of driving
pulley, m; S is the length of the seed delivery cavity, m.
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Note: ¥y is the forward speed of the maize planter (km/h); n; is the rotational
speed of seed plate (r/min); R, is the distribution radius of seed hole in seed plate
(m); n; is the rotational speed of driving pulley (r/min); R, is the outside radius
of driving pulley (m); L is the center distance between driving pulley and driven
pulley (m); S is the length of the seed delivery device(m); H> is the distance in
vertical direction between the bottom of the seed delivery device and the furrow
(m); ¥, is the seed’s falling velocity from belt-type seed delivery device (m/s);
3 is the angle between the seed slide and the horizontal direction (°); D is seed

spacing in furrow (m).

Figure 3 Parameters of seed precise delivery mechanism
Meanwhile, the number of seed delivery cavity that have passed
U-shaped electro-optical sensor should be integral multiple of the
number of seeds that have released from the seed delivery device at
the same time period, it can be expressed as:
SNVt _ Vit o
18D S

where, N is positive integral; Vj is the forward speed of the maize

planter, km/h; D is seed spacing in furrow, m; V, is the seed’s
falling velocity from belt-type seed delivery device, m/s; S is the
length of the seed delivery cavity, m.
The forward speed of the maize planter (/) can be expressed
as:
_3DnZ
Vo= 50 (®)
where, V; is the forward speed of maize planter, km/h; D is the
seed spacing in furrow, m; n; is the rotational speed of seed plate,
r/min; Z is the number of holes in seed plate.
Therefore, from Equations (6):
_27R)n,
 NZn,
where, S is the length of the seed delivery cavity, m; R, is the
outside radius of driving pulley, m; n, is the rotational speed of
driving pulley, r/min; N is positive integral; Z is the number of

S ©)

holes in seed plate; n; is the rotational speed of seed plate, r/min.
The seed delivery device was mounted between two disk
diggers. Value of R, was determined as 16 mm, and value of L
was 300 mm according to the distance between the bottom of
seed meter and the furrow. Speed ratio of two step motors iy, (ij,=
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ny/ny) was determined as 6, the number of holes was known as 25.
Plugging the above parameters, Equation (9) is simplified into:
= _24m (10)
3125N
If N=1, $=24, the synchronous belt with partition board was
suitable for maize sowing. If N =2, § =12, sowing quality of the
system became bad as the spacing between two adjacent partition
board in synchronous belt was too small. If N>2, sowing quality

of the system became worse.

When the driving pulley rotated for & laps, seed was delivered

to the bottom of the seed delivery device, and it was expressed as:

- (1
27R,
where, k is the number of laps that the driving pulley has rotated,
L is the center distance between driving pulley and driven pulley, m;
R, is the outside radius of driving pulley, m.
Plugging the known parameters to Equation (11), it was
obtained that & =3.
2.2.3 Impact analysis of partition board on seed movement
When a seed passed the bottom of the seed delivery device, it
fell into the furrow under the force of gravity, the seed’s movement
is shown in Figure 3. It is necessary to study whether partition
board has an effect on the motion of the seed when it falls into the
furrow from the bottom of the seed delivery device.
The time that one partition board takes to move for the length
of one seed delivery cavity can be presented as:

t=— 12

v, (12)

where, S is the length of the seed delivery cavity, m; V, is the
seed’s falling velocity from belt-type seed delivery device, m/s.

The distance in vertical direction from the bottom of the seed

delivery device to the furrow can be presented as:
2

szVztsin,B+% (13)

where, H, is the distance in vertical direction between the bottom
of the seed delivery device and the furrow, m; V), is the seed’s
falling velocity from belt-type seed delivery device, m/s; f3 is the
angle between the seed slide and the horizontal direction, °.

From Equations (5), (12) and (13)

4505°g

H,=Ssinf+
7’n’R,’

(14)
where, H, is the displacement of seed in vertical direction from
seed release point in seed delivery device, m; S is the length of the
seed delivery cavity, m; 8 is the angle between seed slide and
horizontal direction, (°); n, is the rotational speed of driving pulley,
r/min; R, is the outside radius of driving pulley, m.

The maximum forward speed of maize planter (V) as and the
seed spacing in furrow (D) were selected as 20 km/h and 0.25 m,
respectively, the number of holes in seed plate (Z) was known as 25.
Plugging the above parameters to Equation (8), it was obtained that
1n,=53.33 r/min. It is known that n,/n,=6, so n,=320 r/min.
S was determined as 55° Plugging the above parameters to
Equation (14), the value of H, was calculated as 29.5 mm which
was considerably larger than the maximum length of maize seed.
When the next partition board moved to the seed release point, the
seed-falling height was 29.5 mm, so the partition board wouldn’t
affect seed movement.

2.3 Control system
The control system was composed of forward speed sensor,

controller, stepping servomotor, motor drive module, and
human-machine interface. The electronic control diagram of seed
precise delivery mechanism is shown in Figure 4. A controller
detected the forward speed of the maize planter from the encoder
mounted on the land wheel and processed the speed signal, then a
PWM (pulse-width-modulation) signal was then generated by the
controller in proportion to the forward speed input, and then it was
sent to motor driver, and the signal was amplified and was used to
drive the motor rotating at the desired speed. The encoder
mounted on the motor was used to monitor the speed of motor and
obtain a feedback, and the closed-loop control was used to improve
rotary accuracy of the motor.

12V DC
power supply

Feed shaft

driving motor

Voltage

Feed shaft driving
L =1
stablizer

motor driver

Forward | || Signal process
speed sensor circuit

Feed shaft driving
|
motor encoder

System switch [

_ - Pulley driving | _| Pulley driving
Seed-prefilling | | Controller motor driver motor

switch

Double-motor
synchronizing =

drive switch le—  Pulley driving

motor encoder

U shaped
electro-optical =
sensor

Diffuse
electro-optical - =
SCNsor

Human-mechine
interface

Figure 4 Block diagram of seed precise delivery mechanism

2.3.1 Human-machine interface

In order to realize human-machine interaction, RS485
inter-face is used, and a touch screen [Model MT4414T, Kinco,
China] is chosen as the input and output unit of the system. Input
parameter of the human-machine interface include the number of
holes in the seed plate and the theoretical spacing, the output
parameter include the forward speed of maize planter and motor
speed.
2.3.2 Maize planter’s forward speed sensor

When the maize planter is in operation, the speed of feed shaft
driving motor must accurately match the forward speed of the
maize planter, and the prerequisite is to accurately detect the
forward speed of maize planter. The optical encoder had
advantages of high accuracy, reliable work, and small size, so an
optical encoder was chosen as the speed sensor of maize planter.
The encoder is mounted beside the shaft of land wheel, and the
encoder shaft is collinear with the shaft of the land wheel. The
maximum response frequency of optical encoder f,,,, is represented
as

Cenmax
Jon == 60 (15)
where, fi..« 1s the maximum response frequency of optical encoder,
HZ; np.x 1s the highest rotational speed of the land wheel, r/min; ¢,
is the encoder resolution, p/r.
The highest rotational speed of the land wheel np,, is

represented as:

n, = _ 60 (16)
7.2(1-0)7R,
where, V. is the highest forward speed of maize planter, km/h;
o is the land wheel slip ratio; R4 is the radius of the land wheel, m.
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OMRON E6A2-CW3C encoder is chosen to detect the
rotational speed of the land wheel, its resolution is 200 p/r (ce is
200 p/r), the known parameter are listed as follows: V.. is
determined as 20 km/h, 0 is 10 percent and R4 is 0.35 m.
Plugging the above parameters to Equation (15), the value of fi,.x
can be calculated as f,,,=156 Hz. The maximum response
frequency of the selected encoder is 30 kHz, which meets the
requirement of speed detection described in this study.

2.3.3 Controller

To achieve the target speed for the two motors as quickly as
possible and maintain it, a PID controller was developed. Two
PWM (pulse-width-modulation) pulses were generated by the
controller in proportion to the forward speed of the maize planter,
respectively. The frequency of PWM pulse that the controller
sends to control seed meter rotation is represented as:

N, 360 2zR,

" e

e

(17)

where, f; is the frequency of PWM pulse that the controller sends to
control seed meter rotation, p/s; N, is the pulse frequency from the
rotational speed of the land wheel, p/s; ¢, is the revolution of wheel
rotational speed encoder, p/r; y is the step angle of feed shaft
driving motor, (°); Ry is the radius of the land wheel, m; Z is the
number of holes in the seed plate; D is the theoretical seed spacing,
m.

The frequency of PWM pulse that the controller sends to

control pulley driving motor is represented as:

f=6/; (18)
where, f; is the frequency of PWM pulse that the controller sends to
control pulley driving motor, p/s; f; is the frequency of PWM pulse
that the controller sends to control seed meter rotation, p/s.
2.3.4 Driving motors

Rated speed and rated torque are two key parameters in
selecting a motor to be used for this study. Rotational speed of
feed shaft driving motor for the seed meter is presented as:

n = S0 (19)
3DZ
where, n; is the rotational speed of the seed meter, r/min; Vj is the
forward speed of maize planter, km/h; iy, is the transmission ratio
of the land wheel drive system, D is the theoretical seed spacing, m;
Z is the number of holes in seed plate.
Rotational speed of pulley driving motor for the belt is presented
as:
n, =6mn, (20)

The known parameters are as follows: ip=1, D=0.25 m, and
Z=25. Plugging the known parameters to Equations (19) and (20),
the values of two parameters were obtained that 7,=53.3 r/min,
n,=320 r/min, respectively.

Friction torque is the main torque that acts on feed shaft when
seed meter is in operation. The outside circle of feed shaft is held
in the seal ring of air chamber with the action of negative pressure.
Friction torque is generated when seed meter is in operation.

The friction torque is presented as:

M,=u-|P|-S-L 1)

where, M;is the friction torque; u is the friction coefficient between
seed plate and seal ring; P is the value of negative pressure in air
chamber, kPa; S is the contact area between the air chamber and the
seal ring, m?; L is the arm of friction, m.

The known parameters are as follows: u=0.4, P= —5 kPa,
$ =0.0048 m? and L=0.07475 m. Plugging the above parameters

to Equation (21), the calculated value of My is calculated as
0.72 N'm.

The maximum torque that acts on pulley driving motor is
measured by torque tester, and the measured value is 0.45 N-m.

Based on the above calculations and analysis, the
57THB250-54B stepper servo DC motor was chosen as both the feed
shaft driving motor for the seed meter, and the pulley driving motor
for the belt. The rated speed of the motor is 1000 r/min, and its
rated torque is 1.5 N-m, the two parameters both meet the system’s
working requirement in this study.

2.4 Laboratory experiment

To test the performance of seed precise delivery mechanism,
the contrast experiment between the new developed mechanism
and traditional seed tube delivery mechanism was conducted on the
type JPS-12 computer vision-based seed meter performance test
bench (Bona Science and Technology Ltd. Harbin, China). The
test bench can be used to perform the experiment and test of the
precision sowing, bunch sowing and drilling, and allowed real-time
detection of sowing performance based on computer vision
technology. The index of sowing performance of the precision
seed meter, such as mean spacing, variation coefficient of seed
spacing, quality of feed index, multiple index and miss index, can
be determined by the seed meter test bench. The bench can also
output experimental data and charts that meet the requirements of
national standards. The input parameters, such as the rotation
speed of the seed disc, positive pressure and forward speed of the
conveyor belt, could be controlled during the seed meter test bench
experiment. The seed precise delivery mechanism is mounted
above the test bench using mounting bracket. The negative
pressure that seed meter needs is provided by negative-pressure fan
from the sticky belt test stand through the outlet of the seed meter.
Sufficient oil was added to the top surface of the belt to capture the
seed as it was released from the seed precise delivery mechanism to
prevent rolling and bouncing on the belt surface (Figure 5).

A high-speed video camera (Phantom V 9.1, Vision Research
Inc. USA) was used to record the movement of the seed in the seed
delivery device. = The camera is composed of three main
components: the high-speed digital camera for recording of passing
seed, the motion analyzer for image analysis, and the computer for
data processing and monitoring. To obtain acceptable resolution
of the seeds, a frame rate of 500 fps was selected, and thus the time
between consecutive images was 2 ms. Image of 512x384 pixels
was selected as the size of the picture. The camera was positioned
at the transverse to the sticky belt and directly faced with the front
case of seed delivery device.

Maize seed used in the experiment was Zhengdan 958
produced by Henan Academy of Agricultural Sciences. The seed
was in yellow color, and in half horseshoe shape. The thousand
seed-kernel weight was 330.4 g, and the moisture content was
12.7%. Experimental indexes included quality of feed index and
coefficient of variation. Quality of feed index is calculated as:

A=n/N'x100% (22)
where, 4 is quality of feed index, %; n; is the number of individual
seed; is the sum of seeds falling from the seed precise delivery
mechanism.

The theoretical seed spacing was set at 0.25 m, and the
negative pressure provided for seed meter was set at —5 kPa, and
the forward speeds of sticky belt were adjusted to 10 km/h,
12 km/h and 14 km/h, respectively. The experiment was
conducted with three replications, and the number of seed spacing
was 250 each time.
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a. Traditional seed b. Seed precise delivery
Figure 5 Contrast experiment of the seed precise delivery

mechanism and the traditional seed tube delivery system
3 Results and discussion

Seed spacing data of seed precise delivery mechanism and the
traditional seed tube delivery mechanism is shown in Table 1, and
the mean values of quality of feed index at three different forward
speeds are shown in Figure 6, and the mean values of coefficient of
variation are shown in Figure 7.

The data was analyzed using the IBM SPSS statistics software
package. The “Paired-Samples T Test” command included in
“Compare Means” was used to perform the analysis of variance,
which was appropriate for a randomized complete block design.
Statistical significance was evaluated at the p<0.05 level. Output
results are as follows: the significance level of quality of seed index
was 0.311, and the significance level of coefficient of variation was
0.002.

Table 1 Seed spacing data of seed precise delivery mechanism
and the traditional seed tube delivery mechanism

Quality of feed index/% Coefficient of variation/%

speed Sri?;%?e Traditional seed Belt-type Traditional seed Belt-type
/kmh! tube delivery seed delivery tube delivery seed delivery
system system system system

1 91.20 92.80 18.60 8.14
10 2 90.46 90.47 20.61 10.28

3 89.06 90.47 18.48 14.85

1 79.51 84.34 20.52 18.03
12 2 88.21 89.84 20.77 20.41

3 84.17 79.45 24.85 17.39

1 74.40 79.22 23.31 22.64
14 2 74.71 81.38 22.76 21.83

3 76.68 72.87 24.07 23.74

95 - —#— Traditional seed tube delivery mechanism
=—— Seed precise delivery mechanism
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Figure 6 Line chart of quality of feed index from seed precise
delivery mechanism and traditional seed tube delivery mechanism
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Figure 7 Line chart of coefficient of variation of seed precise
delivery mechanism and traditional seed tube delivery mechanism
at three different forward speeds

As Figure 6 shows, the increase of the forward speed from
10 km/h to 14 km/h resulted in a decrease from 90.24% to 75.26%
in the quality of feed index from traditional seed tube delivery
system, and the qualities of feed index from the seed precise
delivery mechanism are higher than the traditional seed tube
mechanism at three different forward speeds. It indicated that the
seed precise delivery mechanism improved the quality of feed
index compared with the traditional seed tube mechanism. Figure
7 shows that the coefficient of variation also varies with the
forward speed of maize planter. The coefficient of variation of
the seed tube delivery mechanism increased from 19.23% to
23.38%, and the coefficients of variation of seed precise delivery
mechanism are lower than the traditional seed tube mechanism at
Based on above analysis, the
conclusion is drawn that the seed precise delivery mechanism
improved seed spacing uniformity compared with the traditional
seed tube mechanism.

The quality of feed index and the coefficient of variation from
seed precise delivery mechanism was 75.26% and 22.74% at the
forward speed of 14 km/h, which indicated that the seed uniformity
became worse at the forward speed of 14 km/h. In order to
explore the reasons for it, high-speed video was analyzed when the
seed precise delivery mechanism worked at the forward speed of
14 km/h.

Figure 8 shows the release positions of two consecutive seeds
in seed delivery cavity.

three different forward speeds.

It was observed that release positons of
two consecutive seeds varied dramatically in the horizontal
direction, which resulted in a great error of horizontal displacement,
the error led to the result that the seed entered a seed delivery
cavity which it should not enter, and then miss-sowing and
double-sowing occurred.

Figure 8 Release positions of two consecutive seeds in seed
delivery mechanism

Figure 9 shows tracking of one seed in the seed delivery device
by the time. The seed was in contact with partition board and
moved to the right seed-protecting board with the action of push
force from the partition board, and the seed moved to the adjacent
seed delivery cavity with the reaction force of the right
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seed-protecting board, which resulted in miss-seeding and
reseeding.

Figure 9 Tracking of a seed in the seed delivery mechanism by
the time

Figure 10 shows movements of two seeds on slide at the
bottom of seed delivery mechanism. It can be seen from the two
paragraphs in Figure 10 a that the seed was separated from partition
board and was contact with the top of the slide, along which the
seed slid down. The two photographs in Figure 10 b showed that
another seed was separated from partition board and was contact
with the middle of the slide and bounced. The above-mentioned
facts resulted in an increase in coefficient of variation with the
increase of the forward speed of maize planter.

a
Figure 10 Movements of two seeds on slide at the bottom of the
seed delivery mechanism

4 Conclusions

This study designed the seed precise delivery mechanism.
Kinematic analysis of seed has been conducted from the seed
release point in the seed meter to the seed delivery cavity, and the
mathematical model of seed’s movement has been established from
the seed release point to the furrow with the belt-type seed delivery
device. Key components of control unit have been chosen and
designed based on the requirement of the mechanism.
Performance experiment of the seed precise delivery mechanism
has been conducted in a bench testing in the lab, and seed’s
movement in the mechanism has been analyzed using high-speed
The analytic results have shown as follows: the seed
precise delivery mechanism improved the quality of feed index
compared with the traditional seed tube mechanism, and decreased
the coefficient of variation at three different forward speeds of the

camera.

maize planter. Based on above analysis, the conclusion is drawn
that the seed precise delivery mechanism improved seed spacing
uniformity compared with the traditional seed tube mechanism.
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