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Optimization of operating parameters of seeding device in plot drill with
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Abstract: Plot drill has a significant impact on field breeding by replacing manual seeding. However, the seeding
performance of plot drill needs to be further improved as the mechanical transmission method cannot work under the optimal
combination of operating parameters. In this study, a cone compartment tray of sowing device was evaluated under the
laboratory conditions, using a self-designed seeding control system to adjust the operating parameters. Among them, a plot
seeding control system was involved that could set operating parameters through an Android terminal, which effectively
reduced the difficulty of parameters adjustment. The method of central composite experiment design was employed to
conduct experiments and explore the effects of experiment factors such as lifting height of storage tube (LHST), rotation speed
of cone compartment tray (RSCCT), and rotation speed seed distributor (RSSD) on the seeding uniformity coefficient of
variation among rows (SUCVR) and the rate of damaged seeds (RDS). For SUCVR of wheat, the results showed that the
importance order of main factors from high to low was RSSD, RSCCT and LHST. And for SUCVR of buckwheat, RSCCT had
the largest influence, followed by RSSD, and LHST had the smallest influence. For RDS of wheat and buckwheat, only RSSD
had a very significant effect among the main factors. The experiments data of wheat indicated that when operated at 27.2 mm
for LHST, 4.5 r/min for RSCCT and 1169 r/min for RSSD, the sowing performance of wheat was optimal, with SUCVR and RDS
values of 5.02% and 0.117%, respectively. The buckwheat seeding performance was found to be optimal when the LHST,
RSCCT and RSSD were 26.5 mm, 3.9 r/min and 711 r/min, and SUCVR and RDS were 4.74% and 0.113%. The seeding
control system realized the electromechanical control of the seeding equipment, was convenient for parameter setting and

stepless adjustment, and could be operated under an optimized combination of operating parameters.

The research results

could provide a reference for the performance improvement and application of plot drill.
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device in plot drill with seeding control system.

1 Introduction

Globally, agricultural grain production increase has helped
millions of people to escape poverty and starvation in many
countries and regions over the past half century!™. However,
some studies indicate that agricultural grain production will have to
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Optimization of operating parameters of seeding

be increased substantially to meet the food needs of the increasing
population.  As one of the main ways for crops high quality and
yield, field breeding experiments are important for improving and
breeding new crop varieties®. Filed breeding experiments are
small plot trials, whose main goal is to obtain high-quality,
high-yield and stable-yielding crop varieties. = When each
excellent variety is widely applied, the yield increase will grow
from 5% to 10%"),

Plot drill is an important component of field breeding
experiment machine that has a significant impact on accuracy and
scientificity of trial results!®", which can sow the quantitative seeds
into plot with specified length and width, and can clean residual
seeds®®,  Since the 1930s to present, the plot seeding machinery
has gone through three stages of preliminary exploration stage,
mechanical maturity stage and performance improvement stage.
Its technology and equipment has progressed for a long time. In
the spring of 1958, the first Oyjord plot seeder was constructed in
the workshop of the Norwegian Institute of Agricultural
Engineering, which was a symbolic event in the history of plot
machinel™.  Since then, plot drill was designed based on this
structure. Nowadays, plot drill is developing in the direction of
automation and intelligence in developed countries. Plot drills
can basically meet the requirements of plot seeding in developing
countries, and the seeding performance needs to be further improved.
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To promote the development and application of plot seeders in
different countries, researchers have conducted a large number of
experimental studies. Richard et al.*Y! designed a small-plot
seeder and fertilizer applicator based on planter frame of the Hege
Equipment Inc to meet objective of multiple cultivar and fertility
levels in field experiments. In Egypt, Wael™ developed and
evaluated plot seeder of cone belt, taking wheat, lentil, and flax as
the research objects and experiments were conducted through three
stages between 2014 and 2016 to apply sowing for different crops.
In China, Liu et al.*¥! investigated the effect of storing device on
the crop seed dispersion uniformity for plot seeder, which selected
five kinds of seed (black sesame seed, Chinese cabbage seed, rape
seed, wheat seed and soybean seed) to improve the adaptability of
storing device.

At present, cone compartment tray seeding meter is the most
commonly used form of seed metering device for plot seeder, and it
can complete the seeding of a plot by rotating one circle. The
movement of cone compartment tray seeding meter is obtained
from the ground wheel or drive wheel by mechanical drive
components (such as chain sprockets and gears), which is similar to
the field planter®!.  So, the transmission ratio needs to be
adjusted to reach the requirements of different seeding lengths.
This transmission method is susceptible to the influence of field
soil and has some shortcomings which are inevitable. When the
motion is transmitted from the ground wheel or drive wheel to the
seeding device, undesired situations may occur, such as ground
wheel slippage and sprocket vibration, which will reduce the
seeding performance of plot drill. Due to mechanical
transmission systems is not easy to adjust, seeding device of plot
drill cannot operate under the conditions of best combination of
operating parameters, and its seeding performance cannot be
guaranteed. These negative factors limit the application of plot
drill.

In order to solve the shortcomings mentioned above,
researchers have made some efforts in the development of
electromechanical control system which uses step or direct current
(DC) motor to improve the precision and efficiency of plot drilll*>] .
However, electromechanical control system still fails to achieve
convenient  adjustment  of  operating parameters  and
human-computer interaction in practical applications. So, the
present study was conducted to solve low performance of
mechanical transmission systems and obtain appropriate
combination of operating parameters by (1) developing a practical
and cost-effective seeding control system for plot drill; (2)
conducting experiments to evaluate the effect of operation
parameters on working performance for wheat and buckwheat
under laboratory controllable conditions; (3) establishing a
mathematical model of the operating parameters and optimizing of
parameter combinations.

2 Materials and methods

2.1 Seeding device description

In this study, the structure of seeding device of plot drill is
shown in Figure 1. It consisted of storage tube, lifting leverage,
cone compartment tray seeding meter, gear box, seed distributor,
and seeding control system. This device can complete storage,
falling, transportation and distribution of seeds. Among these
components, a pair of bevel gears in the gear box was used to
convert horizontal rotation into vertical rotation. Cone
compartment tray seeding meter was one of the most important
parts of seeding device and was composed by cone and

compartment tray. The seeding port was arranged on the bottom
plate of cone compartment tray seeding meter so that the seeds can
drop into the distributing area under the action of gravity. The
seed distributor was installed below seeding port and was
connected to 6 rows of tubes. Due to the particularity of the pot
seeding, the cone compartment tray seeding meter and the seed
distributor were the core of whole seeding device, and were also
the main distinctions from traditional seeding mechanical. The
cone compartment tray was driven by stepper motor, had adjustable
rotating speed and maximum torque was 4 N-m. The seed
distributor was driven by brushless DC motor with a speed range of
0-3000 r/min. The length, width and height of seeding device
were 0.68 m, 0.45 m and 1.04 m, respectively. And, the diameter
of storage tube was 70 mm, the number of panels was 42, and the
angle of cone was 50<

1. Stepper motor 2. Bottom plate 3. Compartment tray 4. Cone 5. Storage

tube 6. Collection funnel 7. Lifting leverage 8. Gathering tube 9. Gear

box 10. Seed distributor  11. Six-row split tube 12. Brushless DC motor
Figure 1  Cone compartment tray seeding device structure

2.2 Seeding control system

Different from the mechanical transmission systems, the
designed seeding control system was composed of Android
terminal, main controller, control module of cone compartment tray
seeding meter, control module of seeder distributor, and power, as
shown in Figure 2. In the laboratory, power module provided
power for the entire seeding control system. The seeding control
system applications was installed on the Android terminal with
user-friendly human-computer interaction interface, which mainly
completed communication with main controller and parameter
settings such as rotation speed of cone compartment tray (RSCCT)
and rotation speed of seed distributor (RSSD). Furthermore, the
seeding control system application had a wide range of adaptability
and can be installed on any Android device with Bluetooth.
STM32 single-chip microcomputer (ST Microelectronics, ltaly)
was used as the main controller of seeding control system, which
was to receive and process data from the Android terminal and to
achieve the rotation speed adjustment of cone compartment tray
and seed distributor by using pulse width modulation (PWM)
technique.  The communication connection between Android
terminal and main controller was established by Bluetooth
transmission.  The rotational speed of stepper motor was
transferred to cone compartment tray seeding meter via a pair of
bevel gears. The rotational speed transmission between brushless
DC motor and seeder distributor was completed by coupling and
drive shaft.

The working flow diagram of the seeding control system is
depicted in Figure 3. At the beginning, a certain amount of seeds
were poured into seed storage space formed by storage tube and
cone. The operator opened the developed software program and
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established a communication connection between the Android
terminal and main controller, and then input parameters of RSCCT
and RSSD into the human-machine interaction interface. After
receiving the parameters, the main controller calculated target
value of RSCCT and RSSD and determined the frequency and duty
cycle of the required pulse signal. Finally, the rotation speed
control instructions were sent to the speed driver to adjust the speed
of stepper motor and brushless DC motor, respectively. When
seeding device was operating normally, operator pressed lifting

leverage to make storage tube be lifted upwards, and seeds slid
down along cone and were evenly distributed to compartment tray
space. With the rotation of cone compartment tray, the seeds
were pushed through the sowing port to form a uniform seed flow.
Then, seeds dropped into seed distributor and were evenly
distributed into each row of tubes under the centrifugal action of
high-speed. The plot seeding device adopting the control system
could easily adjust the parameters of RSCCT and RSSD, and adapt
to different seeding requirements.
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Figure 2 Components of seeding control system
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Figure 3 Working flow diagram of the seeding control system
As we known, there were few studies on plot seeding

machinery because of its particularity and narrow application range.

During the experimental research on field machinery, it was
founded that mechanical driving methods had different degrees of
slip that affected the seeding performance™®*”.  For the plot drill,
there was also the problem of the mechanical drive system slipping.
Therefore, an seeding control system that the seeding device was
driven by motor was developed to replace the mechanical drive

system® which can effectively reduce the negative slippage.

And, this paper carried out a experimental research on the
optimization of plot seeding operation parameters to improve
seeding performance based on the control system.
2.3 Bench experiments under laboratory conditions
2.3.1 Seeds comparison

The seeds of wheat and buckwheat were researched as subjects,
and their shapes were different (Figure 4). Before the
experiments, 30 seeds of each variety were randomly selected, and
main dimensions were measured. For wheat (Figure 4a), its shape
was long oval. The range of length (L), width (W), and thickness
(Ho), were 5.18-6.83 mm, 2.61-3.52 mm, and 2.21-3.49 mm
respectively, and mean value were 6.19, 3.25 and 2.89 mm. As a
kind of cash crop, buckwheat has great edible and medicinal value.
The shape of the buckwheat was more special that edges and
corners were more distinct, and it had a triangular shape (Figure
4b). Length (L;), width (W,) and thickness (H;) of buckwheat
ranged from 4.91 to 7.00 mm, 3.19 to 4.97 mm and 2.98 to 4.33 mm
respectively, and mean values were 5.93, 3.94 and 3.72 mm.

H, H,

]

a. Wheat b. Buckwheat
Figure 4 Seeds shape and size

2.3.2  Experiment factors and design

Lifting height of storage tube (LHST): Seeds falling refers to
the process seeds falling from the seed storage tube into the cone
compartment tray, which is one of the key links of plot seeding
operation.  The LHST has an important influence on the
consistency of seeds number sliding down along cone and falling
into cone compartment tray, thus affecting uniformity of seeding.
If LHST is too small, there will be problems such as poor flow of
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seed along the cone, easy to be stuck, which will eventually lead to
long falling time and poor uniformity (Figure 5a). Although some
problems can be avoided, new problems will appear at a larger
LHST that top layer collapses and mutual interference happens
between the seeds, which affects seeding uniformity (Figure 5b).

\.

b. Larger LHST

a. Small LHST
Figure 5 State of seeds falling under different values of LHST

Therefore, to assess the impact of LHST on the seeding
performance, LHST was chosen in the range of 14-36 mm for the
orthogonal rotation combination experiments according to seed size
and pre-experiment.

Rotation speed of cone compartment tray (RSCCT): The
RSCCT is one of key operating parameters of plot seeding, and has
a great impact on the process of seed falling and distributing. In
the process of seed falling, RSCCT cause seed to have a certain
offset, which will affect the uniformity when entering the cone
compartment tray.  And, the number of seeds per unit time and the
speed of seeds entering distribution area gradually increase with the
RSCCT increase. In this case, the disorder of seeds appears to
become larger, and the pressure of distributing has increased.
However, when the RSCCT is low, the small amount of seeds per
unit time will still affect the uniformity of seeding, and the
operating efficiency cannot meet the requirements. The number
of seeds per unit time (m) and the speed of seed entering
distribution area (v) were calculated from the equations below.
~_Mg-n
60

222
2 2 22 TN

v=Jvi+v? = gl +
vy 900

where, m is the number of seeds per unit time, grains/s; My is the
total number of seeds; n is the RSCCT, r/min; v is the speed of
seeds of entering distribution area, m/s; v, is the sub-velocity in the
vertical direction, m/s; v, is the sub-velocity in the horizontal
direction, m/s; g is the acceleration of gravity, m/s?; t is the time to
enter distributing area from the cone compartment tray, s; r is the
radius of cone compartment tray, m.

As the driving speed of plot drill was 0.4-1 m/s, seeding length
of plot was 2-10 m generally and maximum seeding length of some
plot trials could reach 32 m, RSCCT was selected in the range of
2.5-9.5 r/min combining the pre-test results of previous period and
taking into account the operating efficiency of plot drill.

Rotation speed of seed distributor (RSSD): Seed distribution by
seed distributor is last step in the seeding operation, which directly
determines consistency of number of seeds in each row. Taking a
single particle as an example, the seeds distributing process is
shown in Figure 6 at the ideal conditions. At the action of
high-speed rotation of the seed distributor, the seed particle
gradually moves from the initial position A to the position B on the
edge of the distributor, and finally leaves the distributing area.

In the previous theoretical analysis, it can be known that as the
rotation speed of seed distributor increases, the linear velocity of

m

@)

the seeds thrown out by the centrifugal force gradually increases.
When the RSSD is small, the centrifugal linear speed is not enough
to spin out seeds quickly, and the subsequent falling of seeds will
affect previous seeds, resulting in poor distribution effect. On
the contrary, seeds will also be unevenly distributed and seeds
damage may increase at the large of RSSD. Therefore, according
to the pre-experiment, and comprehensively considering the
seeding uniformity and seed damage, this paper selected the
RSSD of wheat at 1000-1500 r/min and the buckwheat RSSD range
of 650-950 r/min to study the influence on the uniformity of
seeding.

Figure 6 Process of seeds distributing

Experiment design: In the actual sowing operation, the
structure parameters of plot seeding device are fixed, and it is
unlikely to replace key structure of different parameters to meet the
requirements of different varieties. So, LHST, RSCCT and RSSD
are variable operating parameters when the structural parameters
are fixed to achieve better seeding quality. They have a direct
impact on seeding performance and are extremely important.  So,
in order to obtain a better combination of operating parameters, the
experiments were conducted under the laboratory conditions at
China Agricultural University using the cone compartment tray of
sowing device (Figure 7) by Menoble Co., Ltd. (Beijing, China),
and the matching seeding control system was used.

Figure 7 Test bench of plot seeding

In this paper, a three-factor five-level response surface
optimization experiment was conducted by using the central
composite design (CCD) of Design Expert 8.0.6 (Stat-Ease, United
States). This experiment had 23 groups in total, and each group of
experiment was repeated three times. Experimental factors and
levels are shown in Table 1.
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Table 1 Experimental factors and levels

Factors
Levels
Xdmm  Xo/rmin?  Xa(wheat)/r-min?  Xs(buckwheat)/r-min™
+y 36.0 9.5 1500 950
+1 315 8.1 1399 889
0 25.0 6.0 1250 800
-1 185 3.9 1101 711
—y 14.0 25 1000 650

Note: y represents 1.682; X; represents LHST; X, represents RSCCT; Xs
represents RSSD.
2.3.3 Experiment evaluation indicators

To evaluate the performance of seeding device, seeding
uniformity coefficient of variation among rows (SUCVR) and rate
of damaged seeds (RDS) were selected as evaluation indicators.
Each row of seeds must be collected separately at the end of
experiment. Each outlet of seed distributor was equipped with a
seed bag which could avoid seed dispersion and was beneficial to
seed statistics and analysis. Significance analyses in this study
were conducted using Design-Expert.V8.0.6 and analysis of
variance (ANOVA) was used for assessing seeding effects.

SUCVR was employed for assessing the consistency and
uniformity of the seeding rate each row. When the SUCVR value
was large, the results indicated that the seeding device could not
work well and the seeding consistency was poor. Calculation
equation of the SUCVR (C,) was shown in Equation (2).

n
Z(mi -u)

== %x100% 2
n -1

where, u is the mean number of seeds in each row, m; is the number
of seeds in the ith row and n, is the total number of rows.

RDS was also one of the key indicators reflecting the
performance of seeding. At the end of each experiment,
researchers needed to observe and select seeds, collecting the
broken seeds. The RDS (Y) index was defined as:

Y =M . 100% ®)
M,
where, Y is rate of damaged seeds, %; My is the total number of
seeds; M is the number of damage seeds.

3 Results and discussion

3.1 Laboratory experiment results

The test results were recorded, and the average value of each
group of experiments was calculated after the experiment was
completed. The results of SUCVR and RDS obtained from the

experiments for wheat and buckwheat are shown in Figures 8 and 9.

These figures showed that the SUCVR was less than 10% and the
RDS was less than 0.5%. It was clear that the highest of SUCVR
of wheat (6.65%) was in the third group of experiments and the
lowest (4.82%) was in the 20th group of trials. For buckwheat,
the highest SUCVR (6.34%) was in the 10th group of experiments
and the lowest SUCVR (4.69%) was the test of 17th group tests.
The RDS of wheat ranged between 0.083%-0.2% with an average
value of 0.125%, slightly lower than the RDS of buckwheat that
was 0.083%-0.233% with an average value of 0.146%.
3.2 Statistical analysis of experiment results
3.2.1 Impact of SUCVR indicator

In order to determine the influence of experimental factors on
SUCVR, Design-Expert was used to perform significance analyses
and multivariate regression fitting analysis on the experiment

results. ANOVA was repeated after removing the nonsignificant
terms of sources, as shown in Tables 2 and 3.

From the ANOVA results of wheat, Table 2 showed that X,
(p=0.0037<0.01) and X; (p=0.0026<0.01) had a very significant
effect on SUCVR, and X; (0.05<p=0.0710<0.1) had a certain effect.
It also showed a very significant interaction between X, and X
(p=0.0011<0.01). In addition, the X,*> and X5 also had a very
significant effects and X, had a certain effect. Comparing the
size of the p value, the importance order of main factors could be
obtained as Xs;, X, and X;. The mathematical modeling was
established by experimental data, taking into account the X;, X,,
and Xs;. So, the results for SUCVR (C,;) of wheat could be
expressed by the following regression equations:

C,1=20.81245-0.24124X,+1.14919X,—0.024284 X5~

1.09859E3X,X3+4.43634E3X,2+0.02758X,>+1.17182E°X,2 (4)

s
Wheat M Buckwheat
6_
S
S o
&
5 4r
>
<
S
S of
A
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12345678 91011121314151617 1819 20 2122 23
Number of experimental groups
Figure 8 Results of seeding uniformity coefficient of variation
among rows (SUCVR) obtained from experiments

—&— Wheat
~#— Buckwheat

RDS average/%

1234567 891011121314151617181920 212223
Number of experimental groups

Figure 9 Results of rate of damaged seeds (RDS) obtained from

experiments

4 R TE] E ¢ T T P

Table2 ANOVA of SUCVR for wheat

Sum of Mean

Source squares df square Fvalue pvalue Significance
Model 4.45 7 0.64 1097  <0.0001 significant
X1 0.22 1 0.22 3.78 0.0710 *)
X2 0.68 1 0.68 11.79 0.0037 *x
X3 0.76 1 0.76 13.04 0.0026 **
X2 X3 0.95 1 0.95 16.32 0.0011 i
Xi2 0.57 1 0.57 9.83 0.0068 i
X5 0.23 1 0.23 394  0.0656 *)
Xa? 1.07 1 1.07 18.43 0.0006 i

Residual 0.87 0.058

Lack of fit ~ 0.53 7 0.075 1.75 0.2240
Error 0.34 8 0.043
Total 5.32 22

=
al

not significant

Note: ** means that experiment factor has a very significant effect on the results
(p<0.01); * means that experiment factor has a significant effect on the results
(0.01<p<0.05); (*) means that experiment factor has a certain impact on the
results (0.05<p<0.1), but its significance is not as important as the previous two
cases. X represents LHST; X represents RSCCT; X3 represents RSSD.
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Table 3 ANOVA of SUCVR for buckwheat

Sum of Mean

Source squares df square Fvalue pvalue Significance
Model 454 7 0.65 11.04  <0.0001 significant
X1 0.19 1 0.19 3.19 0.0945 @)
X2 1.00 1 1.00 17.06 0.0009 o
X3 0.27 1 0.27 4.62 0.0483 *
X1 X3 0.26 1 0.26 4.41 0.0530 @)
X2 X3 0.33 1 0.33 5.58 0.0321 *
Xi? 2.16 1 2.16 36.82  <0.0001 heied
X5 0.34 1 0.34 5.79 0.0295 *
Residual 0.88 15 0.059
Lack of fit 0.41 7 0.059 1.01 0.4863  not significant
Error 0.47 8 0.058
Total 5.42 22

Note: ** means that experiment factor has a very significant effect on the results
(p<0.01); * means that experiment factor has a significant effect on the results
(0.01<p<0.05); (*) means that experiment factor has a certain impact on the
results (0.05<p<0.1), but its significance is not as important as the previous two
cases. Xj represents LHST; X; represents RSCCT; X3 represents RSSD.

Further analysis of interaction items between X, and Xj is
provided in Figure 10. When the range of the X; was 1101-
1250 r/min, as the X, increased from 3.9 to 8.1 r/min, SUCVR
gradually increased, and the rate of increase was greater near
1101 r/min because the low-speed of seed distributor could not
separate the seeds quickly. When the range of X; was 1250-
1399 r/min, SUCVR first decreased and then increased with the
increase of X,. It was clear that SUCVR value decreased first and
then increased with the X; increasing when X, was in the range of
3.9-7.7 r/min, but SUCVR had a negative correlation with X5 when
X, was in the range of 7.7-8.1 r/min.

Similar information was obtained for buckwheat by Table 3.
X, (p=0.0009<0.01) had a very significant influence on SUCVR,
X3(0.01<p=0.0483<0.05) had a significant effect on SUCVR, which
was different from wheat, and X; (0.05<p=0.0945<0.1) had a
certain impact on SUCVR. So, X, had the largest influence,
followed by X;, and X; had the smallest influence. For the
interaction terms, interaction effects of X, and X; (0.01<p=0.0321<
0.05) had a significant effect on SUCVR, and interaction effects of
X3 and X3 (0.05<p=0.0530<0.1) had a certain influence on SUCVR.
It could be found that X,®> (p<0.0001) had a very significant
influence on SUCVR and X, (0.01<p=0.0295<0.05) had a
significant influence. The regression equation of the relationship
between the SUCVR of buckwheat (C,,) and the operation
parameters was as follows:

C,2,=—2.2347-0.16551X,+0.59247X,+0.015862X5—

3.1115E X, X3-1.08347E3X,X5+8.648E3X,%+0.033651X,>  (5)

For the SUCVR of buckwheat, Figure 1la revealed the
response surface of interaction between X; and X3 under X, was
6 r/min. Within the range of 18.5-30.0 mm of X, value of
SUCVR gradually increased with increasing of X; from 711 to
889 r/min. And as the value of X; increases, the degree of
increase in SUCVR gradually decreases. In the interval of X; of
30.0-31.5 mm, SUCVR changed from increasing to decreasing with
the X5 increasing, and the degree of decrease became larger. In all
cases, when the Xz was constant, SUCVR initially decreased and
then increased as the X, increased.

The response surface of interaction between X, and X; to
SUCVR of buckwheat is shown in Figure 11b. The rule was
observed that SUCVR value increased with the increase of X, in the
X3 range of 711-807 r/min.  Different trends were obtained in the

X3 range of 807-889 r/min that SUCVR gradually decreased at first,
and then increased after decreasing to a certain value. The results
also indicated that when X, was in the range of 3.9-7.45 r/min and
7.45-8.1 r/min, the SUCVR showed two different trends with the
increasing of X3. In the former interval, as the X3 increased, the
SUCVR continued to increase, and increasing trend gradually
slowed down. In the latter interval, SUCVR gradually decreased
as the X; increased.

SUCVR/%
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Figure 10 Response surface of interaction between RSCCT (X5)

and RSSD (X3) to SUCVR of wheat under LHST (X,) of 25 mm
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a. Interaction term between LHST (X1) and RSSD (X3) under RSCCT (Xy) of
6 r/min
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b. Interaction term between RSCCT (X2) and RSSD (X3) under LHST (X;) of
25 mm

Figure 11 Response surface of the interaction term that affects the
SUCVR of buckwheat

A comprehensive analysis of this study found that comparison
with RSCCT and RSSD, LHST had a smaller impact on the seeding
performance. But, LHST was a factor affecting seed sliding
motion status, which was mainly manifested in the interruption or
collapse of the seed layer, and could not be ignored. Improper
LHST would make the dispersibility of the number of seed particles
between compartment tray, resulting in uneven numbers of
successively entering the distributing area, and thus causing uneven
seeding. So, for different seed shapes and sizes, the Discrete
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Element Method (DEM) can be used for simulation experiments to
determine the appropriate LHST.  The results of Yang et al.l**! and
Liu et al.Y also proved this view.

RSCCT and RSSD were very important factors that affect the
seeding performance of plots for wheat and buckwheat. The
change of RSCCT affects the number of seed grains in a unit time
and speed of seeds falling into the distributing area, thereby
affecting the uniformity of seeding. RSCCT and RSSD should be
matched with each other, and change synchronously to achieve
better seeding performance. When the RSSD was constant, as the
RSCCT increased, the amount of seeding per unit time increased,
and seeds would affect each other and could not be separated into
the seed tube in time, resulting in poor seeding uniformity. In the
case of a small RSSD, due to the small number of seeds, it was
impossible to form a uniform seed flow into different seed tubes in
sequence, resulting in large differences in the number of seeds for
different seed tubes.

3.2.2  Impact of RDS indicator

The RDS is an important index of seeding performance of plot
seeder. It can also directly reflect the performance of operation.
There are many factors that affect the RDS, and this paper only
explored from the aspects of operating parameters.  Using
Design-Expert to carry out regression fitting analysis on the results
of RDS, it was found that wheat RDS was significant in the
quadratic regression analysis, while buckwheat RDS was
significant under the linear regression fitting model. The
ANOVA results are shown in Table 4 and Table 5.

Table4 ANOVA of RDS for wheat

Sum of Mean

Source squares df square Fvalue pvalue Significance
Model 0.018 4  4580E® 1136 <0.0001 significant
X, 3895E¢ 1  3.895E* 097 0.3388
X3 0.012 1 0.012 3092 <0.0001 %
Xo 2 3366E° 1  3366E° 835  0.0098 *x
X3 2 2103E% 1 2103E® 521 0.0348 *
Residual ~ 7.260E® 18  4.033E*
Lack of fit 3280E° 10 3.280E® 0.66  0.7361 not significant
Error 3980E® 8  4.974E*
Total 0.026 22

Note: ** means that experiment factor has a very significant effect on the results
(p<0.01); * means that experiment factor has a significant effect on the results
(0.01<p<0.05); (*) means that experiment factor has a certain impact on the
results (0.05<p<0.1), but its significance is not as important as the previous two
cases. Xj represents LHST; X, represents RSCCT; X3 represents RSSD.

Table5 ANOVA of RDS for buckwheat

Source sc;]un;rgi df s'\c?S:Pe F value pvalue Significance
Model 0.012 3 4112E® 424  0.0187  significant
X 1.189E% 1 1.189E° 123  0.2817 -
X2 2951E° 1 2951E° 0.030 0.8633 -
X3 0.011 1 0.011  11.48 0.0031 *x
Residual 0.018 19  9.689E*
Lack of fit 0.014 11 126563 225  0.1291 not significant
Error 4490E® 8  5.612E*

Total 0.031 22

Note: ** means that experiment factor has a very significant effect on the results
(p<0.01); * means that experiment factor has a significant effect on the results
(0.01<p<0.05); * means that experiment factor has a certain impact on the results
(0.05<p<0.1), but its significance is not as important as the previous two cases.
Xy represents LHST; X, represents RSCCT; X represents RSSD.

Analyze the experiment results, X; and X, had no effect on the
RDS of wheat and buckwheat. The result of ANOVA indicated
that only X3 had a very significant effect on RDS among the main
factors. This conclusion was advantageous that if a larger RDS
occurred, X3 would be required to change to reduce RDS. The
interactions between factors had no significant effect on the RDS.

Stepwise elimination method was used to get regression
response surface equation of factors for wheat RDS (Y,):

Y;,=0.77324-0.03762X,-1.0973E X5+
3.34772E3X,%+5.20127E "X (6)

The regression equation of buckwheat RDS (Y,) was as
follows:

Y,=-0.070059-1.4319E3X,—7.02576E*X,+3.20307E*X;  (7)

The seeds were collected and observed after the experiment.
It was found that both wheat and buckwheat showed different RDS.
Among them, the number of damaged wheat in each trial was
between 1 and 5, and number of damaged buckwheat seeds was 1-7,
as shown in Figure 12. Overall observation found that RDS of
buckwheat was greater than that of wheat. This was because the
crushing force of buckwheat was lower than the crushing force of
wheat, and buckwheat was more prone to grain damage.

a. Wheat b. Buckwheat
Figure 12 Damaged seeds in the experiment

There may be two main reasons for seed damage. On the one
hand, as the increase of RSSD, the linear speed of seed distribution
gradually increased, and the collision force of seeds was also
greater. When the collision force exceeded crushing force of the
seed, seed would be damaged. On the other hand, as shown in
Figure 13, there was a certain gap between seed distributor and
six-row split tube wall®.  If seed was in this gap after
distributing, as shown in the position of the yellow particles, high
speed of seed distributor and V-shaped split tube of six-row formed
squeezed and sheared force on the grain, resulting in seed damage.
Mechanical damage was the main factor causing seed damage, and
Liao et al.”? also conducted a similar study. The processing and
assembly accuracy of machine was closely related to this gap.

1. Six-row split tube wall 2. Seed distributor 3. Seed
Figure 13 Seeds entering gap (shown with red circle) between
seed distributor and six-row split tube wall

It should be noted that seed damage includes external and
internal damage!’?.  External damage is visible and can be
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determined by observing seeds after sowing. The internal damage
is invisible and needs be determined by germination tests. Since
plot seeding is used to breed new varieties of crops, seeds are
relatively scarce and precious in breeding trials, and seeds should
be broken as little as possible.
3.3 Optimization of parameter and verification

To get the optimal performance parameters of seeding quality,
the target parameters were optimized for wheat and buckwheat by
Design-Expert.  According to the operational requirements and
response surface analysis, combined with the impact of LHST on
falling time, the optimal constraint conditions were selected, and
the minimum value was obtained with target value of SUCVR and
RDS. Following conditions are needed to be met:

minC,, minC,,

minY,; minY,

20< X, <315 or 120<X,<315
39<X,<81 39<X,<81

1101< X5 <1399

It was clear from parameter optimization conditions that the
requirements for X; and X, of wheat and buckwheat were the same,
while conditions for X5 were different. The functional constraints
of X3 were from 1101 to 1399 r/min for wheat and from 711 to
889 r/min for buckwheat.  Through fitting results of the
orthogonal rotation combination experiment, double-objective
optimization was performed. For wheat, optimized results were
as follows: LHST was 27.19 mm (took 27.2 mm), RSCCT was
4.52 r/min (took 4.5 r/min), and RSSD was 1169.57 r/min (took the
small value of 1169 r/min). In this condition, theoretical values of
SUCVR and RDS of wheat were 5.11% and 0.01%. The optimal
combination parameters of buckwheat were solved that the LHST
was 26.53 mm (took 26.5 mm), RSCCT was 3.92 r/min (took
3.9 r/min), and RSSD was 711 r/min. Finally, the theoretical
SUCVR and RDS were 4.69% and 0.117% for buckwheat.

Finally, the optimal parameter combination was verified. The
experiment was repeated 3 times and average value was taken.
The results showed that the average SUCVR and RDS of wheat
were 5.02% and 0.117%, and the average value SUCVR and RDS
of buckwheat were 4.74% and 0.113%, respectively. The
experimental results were basically consistent with the theoretical
optimization results, which meant that the optimization of
operating parameters was credible at the laboratory conditions.
Compared with the performance before optimization, the seeding
performance has been significantly improved with the optimal
parameter combination. These laboratory data suggested an
optimized combination of parameter was needed for plot seeding to
maximize seeding performance.

711< X3 <889

4 Conclusions

In order to improve the seeding performance of plot drill, cone
compartment tray of seeding device was taken as research object in
this paper, and seeding control system was designed. Three
experiment factors (LHST, RSCCT and RSSD) and two test
indicators (SUCVR and RDS) were used to investigate the influence
of each factor on seeding performance of wheat and buckwheat.
The operating parameters were optimized. The specific
conclusions of this research were as follows:

(1) The development of seeding control system could enable
stepless adjustment of RSCCT and RSSD in the seeding device.
This system used Android terminal as a human-machine interaction
interface, STM32 as the control core, brushless DC motor to drive

seed distributor, and the stepper motor to drive cone compartment
tray to replace ground wheel and chain driven systems.

(2) Base on the designed seeding control system, laboratory
experiments were conducted. The results showed that the main
factors affecting the changes of SUCVR for wheat were RSSD,
RSCCT and LHST in order. For buckwheat, the impact of RSCCT
on SUCVR was more important than RSSD, which was slightly
different from wheat. RSSD was main factor affecting damage of
wheat and buckwheat. RDS increased with the increase of RSSD.
Therefore, RSSD should be reduced as much as possible to reduce
the rate of damaged seeds under the condition of meeting
uniformity requirements of seeding.

(3) The mathematical model of relationship among LHST,
RSCCT and RSSD was established. The operating parameters
were optimized. Optimized wheat working parameters were that
LHST was 27.2 mm, RSCCT was 4.5 r/min, and RSSD was
1169 r/min. The bench test results showed that SUCVR was
5.02% and RDS was 0.117%. Under the parameter combination
of LHST of 26.5 mm, RSCCT of 3.9 r/min, and RSSD of 711 r/min,
buckwheat had good seeding performance, and SUCVR and RDS
values were 4.74% and 0.113% in the laboratory experiments,
respectively.

The seeding control system and indoor bench can be used to
conduct operating parameter tests for different seeds before sowing
in the field. In order to provide a complete mechanical matching
relationship between electro-mechanic drive system and plot drill,
further studies may be required to determine the relationship of
RSCCT, length of plot, and walking speed of plot drill.

Acknowledgements

This study was supported by the Program for China
Agriculture Research System (Grant No. CARS-03), Chinese
Universities Scientific Fund (Grant No. 2020TC116) and Research
Innovation Fund for Graduate Students of China Agricultural
University (CAU) (Grant No. 2020XYZCO06A). The authors
thank all the members working at the Conservation Tillage
Research Centre and for proving their inputs to this paper.

[References]

[1] Jules P, Camilla T, Stella W. Sustainable intensification in African
agriculture. International Journal of Agricultural Sustainability, 2011; 9:
5-24.

[2] Andreas G., Haroon S, Victor A, Mateete B, Philipo J. Taking
agricultural technologies to scale: experiences from a vegetable technology
dissemination initiative in Tanzania. International Journal of Agricultural
Sustainability, 2018; 16: 297-309.

[3] Shang SQ, YangR B, Yin Y Y, Guo P Y, Sun Q. Current situation and
development trend of mechanization of field experiments. Transactions
of the CSAE, 2010; 26(Supp.1): 5-8. (in Chinese)

[4] Ingunn B, Gunnar L, Morten L, Eivind B, Lars G, P& J F. Exploring
robots and UAVs as phenotyping tools in plant breeding. International
Federation of Automatic Control, 2017; 50(1): 11479-11484.

[5] Cheng X P, LuC Y, Li HW, He J, Wang Q J, Mao Y J, et al. Research
progress and development trend of plot seeding mechanization.
International Agricultural Engineering Journal, 2018; 27(4): 136-144.

[6] Gong L N, Yuan Y L, Shang S Q, Jiang J L, Zheng Y N. Design and
experiment on electronic control system for plot seeder. Transactions of
the CSAE, 2011; 27(5): 122-126. (in Chinese)

[7] Patel S K, Varshney BP, Singh R, Sundaram P K. Field evaluation of
experimental plot drill. Ama Agricultural Mechanization in Asia Africa
& Latin America, 2010; 41(3): 46-51.

[8] Stumborg M, Covell M, Mccrystal G. A cassette air seeder for cereal
breeder plots.  Canadian Agricultural Engineering, 1995; 37(3): 235-238.

[9] Hagymé&sy Z, Ancza E, Kele A.  Experimental researches of the
cone-belt dispenser.  Bulletin of the University of Agricultural Sciences &


http://www.baidu.com/link?url=1RoHrngm-tPlZ8ZMjvmZhHFeXB-9Frn9XTUAL7XOQjFz6a6c0GCEHtCuSDd2gAj2crCSOaaGah2O289ifzU4R19JB3qK6cRkNW-A81QdE4ZoVEsIAAFkUnmun4n_W5GC_WnDJR0Co-vp0YYXbp7BSqvDc8w7mvjKaQIjLJoXiWO
http://www.baidu.com/link?url=HMrozLsYQfV2QCeDySJuEWs0rbi7zYjGGjohuFBFGV9zf4WzLPFIWH5tshBj8oK_uAem-BAb02rf4vmosUig-p7wuZawWBMVi2lGABR0F5MI4IX2L_y0-aCbgqokDpH4WxFxrkaYwHkB0bGucLpFKXV9XnbAt0IMq-SsZFkiMmenmxDOvDc5iAMOM3vXhK66
https://www.baidu.com/link?url=jRV4MgFE4IimeRivyrblavWPKew4Bkawz6Fuu_hxzxnI7DpltMoWP59popYwmXVsOUY9lCiGejioxfIzcFs5Eu1P3Mazovu6I-J-QmyWUaoOW9J98Mpnxj1kTXJBAEnl0Ftje58HdfbE25zfBzqk-gOIo619H-ZUrI161K18sPC&wd=&eqid=cd9b086d0000bbbe000000035eaf895c
https://www.baidu.com/link?url=4RGiEmFR0lna1uS8ehHFQqgDghK30lD8iPg8QIwcUXaEFTAXw9FQ4d6J8J_E-KO5C04kAFN-qH3UNgZfYAS98kMpDBl3CjRvBDXcZ5EZsca8FqJzSRnF7u5J5Doij3oSvu7XGBiijrAAEkf9Y1Br8CHGr_hrjo19ZUZNUybeYcN1rL4woUDNrCarkLgtzkoa1Q5PqF8C3eMU4pvQ7Z0-fbOVl4jDnr1kBNwosviYaAkU79iFKOmER1lQEQiU0-nsMyFdRWjLpmOh_VjdjNhV-4tH654Vua3xLVefC7dUhnLJANCMGLUyCyf0avAtHBFI&wd=&eqid=cd9b086d0000bbbe000000035eaf895c
https://www.baidu.com/link?url=4RGiEmFR0lna1uS8ehHFQqgDghK30lD8iPg8QIwcUXaEFTAXw9FQ4d6J8J_E-KO5C04kAFN-qH3UNgZfYAS98kMpDBl3CjRvBDXcZ5EZsca8FqJzSRnF7u5J5Doij3oSvu7XGBiijrAAEkf9Y1Br8CHGr_hrjo19ZUZNUybeYcN1rL4woUDNrCarkLgtzkoa1Q5PqF8C3eMU4pvQ7Z0-fbOVl4jDnr1kBNwosviYaAkU79iFKOmER1lQEQiU0-nsMyFdRWjLpmOh_VjdjNhV-4tH654Vua3xLVefC7dUhnLJANCMGLUyCyf0avAtHBFI&wd=&eqid=cd9b086d0000bbbe000000035eaf895c
http://xueshu.baidu.com/s?wd=author:(M.A.%20STUMBORG)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(M.%20COVELL)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(G.E.%20McCRYSTAL)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(G.E.%20McCRYSTAL)%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://www.csbe-scgab.ca/publications/cbe-journal/browse/7211-a-cassette-air-seeder-for-cereal-breeder-plots
http://xueshu.baidu.com/s?wd=author:(Hagym%C3%A1ssy,%20Z)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Ancza,%20E)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(Kele,%20%C3%81.%20G)&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/usercenter/paper/show?paperid=855ca9ad5ba380bea6cbbfcd6e09a8b5
http://xueshu.baidu.com/usercenter/paper/show?paperid=855ca9ad5ba380bea6cbbfcd6e09a8b5
http://xueshu.baidu.com/s?wd=journaluri:(922a433c1f338cfc)%20%E3%80%8ABulletin%20of%20the%20University%20of%20Agricultural%20Sciences%20&%20Veterinary%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited

May, 2021 Cheng X P, et al.

Optimization of operating parameters of seeding device in plot drill with seeding control system

Vol. 14 No.3 91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Veterinary, 2009; 66(1): 344-347.

Liu S G. Study on design and mechanism analysis of main parts of plot
seeder. Doctoral dissertation. Shenyang: Shenyang Agricultural
University, 2011. (in Chinese)

Richard E, Thomas F, John M, Grant J. A small-plot seeder and fertilizer
applicator. Agronomy Journal, 2003; 95(5): 1337-1341.

Wael M F. Development and performance evaluation of a plot seeder to
suit some different certified seed production.
Tanta University, 2017.

Liu S G, Shang S Q, Yang R B, Zheng Y N, Wang Y Y, Zhao D J, et al.
Test on performance of seed-filling device of plot seeder. Journal of
China Agricultural University, 2011; 16(3): 156-163. (in Chinese)

Anil C, Habib K, Sahin M. Development of an electro-mechanic control
system for seed-metering unit of single seed corn planters. Part I: Design
and laboratory simulation. Comput. Electron. Agric, 2018; 144: 71-79.
Lian Z G, Wang J G, Yang Z H, Shang S Q. Development of plot-sowing
mechanization in China. Transactions of the CSAE, 2012; 28(Supp.2):
140-145.

Ding Y Q, Yang L, Zhang D X, Cui T, He X T, Zhong X J. Control
system of motor-driving maize precision planter based on GPS speed

Doctoral dissertation. Tanta:

[17]

[18]

[19]

[20]

[21]

[22]

measurement.  Transactions of the CSAM, 2018; 49(8): 42—49. (in Chinese)
He X, Cui T, Zhang D, Wei J, Wang M, Yu Y. Development of an
electric-driven control system for a precision planter based on a
closed-loop PID algorithm. Computers and Electronics in Agriculture,
2017; 136: 184-192.

Anil C, Habib K, Sahin M. Development of an electro-mechanic control
system for seed-metering unit of single seed corn planters. Part II: Field
performance. Comput. Electron. Agric, 2018; 145: 11-17.

Yang R B, Zhang X, Li J D, Shang S Q, Chai H H. Parameter
optimization and experiment on cone canvas belt type seed-metering
device. Transactions of the CSAE, 2016; 32(4): 6-13. (in Chinese)

Liu S G, Shang S Q, Yang R B, Zheng Y N, Zhao D J, Zhao J L. Test
and optimization of parameters for the storing device of plot seeder.
Transactions of the CSAE, 2010; 26(9): 101-108. (in Chinese)

Cheng X P, Li HW, Wang Q J, He J, Lu C Y, Yang W. Design and
experiment of wheat seeding control system in plot seeder. Transactions
of the CSAM, 2019, 50(7): 30-37. (in Chinese)

Liao Q X, Gao H W. Experimental study on corn seed damaging in a
horizontal plate precision metering. Transactions of the CSAM, 2003,
34(4): 57-59. (in Chinese)


http://xueshu.baidu.com/s?wd=journaluri:(922a433c1f338cfc)%20%E3%80%8ABulletin%20of%20the%20University%20of%20Agricultural%20Sciences%20&%20Veterinary%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=publish&sort=sc_cited

