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Abstract There are many researches on the seed-metering
device of sugarcane planter at present. However, the
researches on the seed compensator device are sparse.
Missing-seeding exists in the sugarcane planter, which
often lead to economic loss. This paper presented a
description of seed compensator device for matching with
the seed-metering device. The device could solve the
problem that the qualified rate was not high enough and the
process of filling and clearing seeds was discontinuous.
According to the analysis of the movement of seeds in the
replanting process, the form of the replanting structure was
determined, and the four structural parameters that affect
the performance were determined: the sprocket speed, the
height of the right wall of the slot, the baffle angle, and the
offset distance of baffle. ADAMS was used to simulate the
movement of the replanting device. And the optimal
parameter values were obtained, which were 20 rpm,
24 mm, 85° and 15 mm, respectively. According to the
optimal structure parameters, the experiment was carried
out on the self-made experiment platform of seed com-
pensator device. The results displayed the seed
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compensator device had favorable performance for seeds
filling and clearing, which could realize continuous
replanting for the seed-metering device and reduce missed-
seeding in the process of sugarcane planting. The mean
values of each index were: the empty slot rate was 1.10%,
the blocking rate was 3.79%, the replanting rate was
1.29%, and the qualification rate was 96.21%. Three sin-
gle-factor experiments were carried out according to the
working conditions. The experiment has shown that the
device was not affected by speed fluctuations. And it could
meet the replanting requirements when the seeding speed
was less than 17.2r/min and the number of continuous
missing-seeding was less than 2.

Keywords Sugarcane planter - Seed-metering device -
Replanting

Introduction

China is the third largest sugarcane plantation country in
the world. Guangxi in the south of China occupies 60% of
the total planting area and is one of the main sugarcane
planting areas (Ruggeri et al. 2019; Shi et al. 2019; Huang
et al. 2015). Transversal sugarcane planter with seed pre-
cutting can continuously complete furrow, seeding, fertil-
ization, soil covering, film covering and other links, which
has the advantages of high automation, less seed and high
yield (Naik et al. 2013; Lu et al. 2020). Although the
existing sugarcane planters in China can meet the basic
functions of sugarcane planting, missing-seeding and
uneven planting are common, most of the links require
manual operation, which is prone to miss. With broad-
casting phenomenon, the missing rate reached 6% (Han
et al. 2019; Zhang et al. 2020a, b). Missing-seeding will
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directly affect the quality of seeding, so artificial reseeding
needs to reduce the missing-seeding rate. Thanks to sug-
arcane planting will be covered with soil, it is difficult to
find the missing location of seeds and reseed timely.
Artificial reseeding requires re-furrowing, seeding, fertil-
ization, which intensifies manual labor and affects eco-
nomic benefits.

The reseeding system is designed to reduce missed
seeding and improve seeding quality. Scholars and insti-
tutions at home and abroad had conducted related research
on the missed broadcast technology. Singh et al. (2011)
designed an electronically controlled seed metering device
to achieve precise sowing of okra seeds through real-time
monitoring of the seeding process. Al-Yamani and Krishna
have developed a missing seeding detection and compen-
sator system, which can effectively improve the real-time
performance and reseeding speed of the seeding state (Al-
Yamani et al. 2005; Krishna et al. 2004). In order to solve
the problem of loss sowing for the spoon-chain metering,
Niu et al. (2016) designed a capacitive missing seed
detection sensor. The capacitance sensor had reliable
detection and good replanting effect. The replanting
quantification rate has reached 84.6%. Zhu et al. (2014)
designed and produced an automatic reseeding device that
was composed of both a reseeding device and a seed-me-
tering device. Through the transcending rotation of the
seed-metering device, the position-free reseeding was
realized, and the reseeding quantification rate reached
92.98%, which improved the seeding quality. Xia et al.
(2007) used ADAMS to build a virtual prototype model
and perform optimization analysis. The seed compensator
based on the optimal simulation parameters can achieve
83.2% replenishment rate in the experiment, which
improved the sowing rate of the precision sowing soybean
machine. Through dynamic and kinematics simulation
analysis of the replanting process, He et al. (2020) deter-
mined the main factors affecting the replanting effect and
designed the replanting device. The device used a photo-
electric sensor to detect missed sowing, so as to replant the
sugarcane planter. The replanting rate of the device
reached 93.97%, which effectively improved the planting
efficiency of seeds.

There are few researches on seed compensator devices
for long striped seeds in China at present, especially sug-
arcane. So it is of great significance to design a seed
compensator device that is compatible with planters and
has stable performance (Cao et al. 2016). The compensator
device is an auxiliary device for the seed-metering device,
and its function is to refill the seed to the empty chain of
the seed-metering device to reduce the missing-seeding
rate and improve the sowing quality. The seed-metering
device has two types of missing seeds: intermittent and
continuous missing seeds. Therefore, the seed compensator
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device needs to be able to operate continuously and
smoothly to achieve real-time accurate seeding.

Aiming at the problems of high missing-seeding and
poor continuity of replanting rate of transversal sugarcane
planter with seed pre-cutting, this paper presented a seed
compensator device matching with seed-metering for the
transversal planter. The seed compensator device was
designed, based on the analysis of the movement of seeds
during the replanting process. The designed seed com-
pensator device was simulated and analyzed in ADAMS to
verify the continuity of seed filling and seed cleaning. And
the self-made experiment platform was used to verify the
continuity performance of the device under the optimal
parameters.

Material and Methods
Transversal Double-Bud Sugarcane Planter

The transversal double-bud sugarcane planter (Fig. 1)
adopts the method of deep seeding and shallow covering,
which is conducive to the emergence of seeds and lodging
resistance. It is composed of furrow openers, seed-meter-
ing, fertilizers, seed compensators and soil cover unit
(Zhong et al. 2021).

Seed Compensator Device

The seed compensator device (Fig. 2) is arranged on the
first grade elevator chain of the seed-metering, and mainly
composes of storage box, lifting mechanism, baffle, and
roller rake.

Storage Box

The storage box is a container for storing pre-cutting seeds,
which is equipped with lifting mechanism to separate the
seeds from the roller rake. The back face of storage box is
set in an arc shape to avoid interference between the seeds
and the lifting mechanism. The box should have a certain
capacity to avoid frequent artificial filling. The activity
platform can hold about 1000 seeds each time, so the box
should be able to hold 50 seeds according to the missing
rate of 5%.

Lifting Mechanism

The lifting mechanism consists of sprocket, chain and
chain grooves. When the seeds were filled into the chain
grooves along the back face of the box, the chain would
drive the chain grooves to lift the seeds into the storage
space. But the seeds in the lifting mechanism do not need
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Fig. 1 Schematic view of the 4 3
transversal planter. / Cane box,
2 seed compensator device, 3
cane box activity platform, 4
seed-metering device, 5 depth
adjustment auxiliary wheel, 6
soil-covering device, 7 earth
wheel, 8 fertilizer, 9 sugarcane
box, 10 furrow opener, 11 frame
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Fig. 2 Schematic drawing of seed compensator device. 1 Sprocket
wheel, 2 storage box, 3 margin detection sensor, 4 seeds, 5 lifting
mechanism, 6 chain groove, 7 baffle,8 storage space, 9 storage
detection sensor, 10 deflector, 11 roller rake

to be seed directly, so there is no need to strictly limit seeds
in each groove.

Storage Space

The storage space is formed between the two baffles. Each
layer of the storage space can accommodate only one seed,
but it can accommodate up to 5 ~ 6 seeds. The seeds are
arranged in layers in the storage space and then filled to the
roller rake.

Roller Rake

As the actuator of the seed compensator device, the
working state of roller rake determines the qualification
rate. The slot in the roller rake is used to store seeds.
Because the roller rake is the last link, each groove just
holds seed. The radian of the roller rake blades and the
different wall height around the slot can cooperate with the
baffle to transfer the excess seeds back to the storage space.

Working Principle

The seed compensator device is matched with the seed-
metering device, which is used to replenish seeds to the
seed-metering device (Fig. 3). When the first elevator
chain groove of the seed-metering device is empty, the
seed compensator device will drop seeds and fill the empty
groove to avoid missing seed. And the seeds are putted into
the storage box ahead of time. The seed compensator is
divided into three steps of lifting, preparation and
replenishing.

Firstly, the seeds are filled into the chain groove under
the action of its own gravity and the extrusion force
between seeds. Because the chain groove transmission has
certain requirements for the posture of seeds, the seeds in
the box need to be arranged in order. It will cause a buzzer
alarm when the margin sensor detects that there are not
enough seeds in the storage box. And then it needs to
manually add seeds to the box. The storage detection
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Fig. 3 Working schematic of
seed compensator device

Roller rake motor

Missing detection sensor

Empty slot

Metering speed

Lifting motor

Margin detection sensor

First grade elevator chain

Sugarcane box

detection sensor

Second grade
conveyor chain

sensor sends out a signal when the seeds are insufficient in
the storage space (less than two seeds). The PLC controller
receives the signal and drives the lifting motor to be star-
ted. Then, the lifting mechanism acts to lift the seeds from
the bottom to the top of the mechanism.

Then, when the seeds reach the top of the lifting
mechanism, the seeds slide along the chain groove until it
leaves the groove and then makes a similar horizontal
throwing movement into the storage space. Each layer of
the seed storage space can only hold one seed. And it can
be accommodated about 5-6 seeds. When there is enough
sugar cane in the seed storage space, the sensor will send
out a signal and the lifting motor will be turned off under
the control of the PLC.

Finally, when the planter starts normal operation, the
missing seed detection sensor (Fig. 4) detects the seeds in
the chain groove of the seed-metering device. When there
is no seed in the chain groove, the sensor sends out a signal
of missing seed, and the PLC controller drives the roller
rake motor to rotate a certain angle. After that the seed falls
into the first elevator chain groove, and the excess seed will
be pulled back to the storage space. With the action of the
roller rake, the seed in the roller rake will be thrown out
along the deflector and enter the chain groove of the seed-
metering device. The device completes the replenishing
operation.
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Fig. 4 Seed compensator detection system. 1 Missing detection
sensor, 2 first elevator chain groove, 3 sprocket for seed-metering
device, 4 metering speed detection sensor, 5 seed, 6 roller rake, 7
deflector, 8 initial point detection sensor

Movement Analysis
Movement Analysis of Seeds in the Storage box

The back face of the storage box plays the role of storing
seeds and auxiliary lifting seeds. Under the condition of no
external force, the reasonable radian of the storage box can
make the seeds fill into the chain groove by their own
gravity. If the radian is too large, the pressure of seeds on
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Fig. 5 Seed filling performance analysis

the chain will increase and cause the lifting difficult. When
the radian is too small, it is difficult to fill the seeds and
easy to cause empty groove, which affects the continuity of
the replenshing. The movement of seeds on the back face
of the storage box is analyzed (Fig. 5).

To analyze the force of seeds,

Zszo,Ff—mgsinfxzo (1)
ZFyzo,FN—mgcosoc:O (2)
Fy = uFy (3)

where m is the weight of seeds (kg), g is the acceleration
of gravity (m/s%), Fy is the supporting force of the back
face of the reseeding box for the seeds (), u is the

Fig. 6 Storage box size

coefficient of sliding friction between seed and steel plate,
and o is initial angle of back face of reseeding box (°).

The static friction coefficient between seed and steel
plate is 0.211 by calculation (Li et al. 2020), which can be
substituted in the formula to obtain the critical initial angle
11.91° for static single seed filling. In order to ensure that
single seed can be filled successfully and the lifting resis-
tance is not too high, the initial angle is 15°.

The gap between grooves will be small when the two
chain grooves are in the same horizontal line. And it not
only can completely avoid the seed being stuck and causing
damage to the seed, but also prevent the seed from inter-
fering with the lifting mechanism and interrupt the lifting
action. Therefore, when a chain groove begins to move
away from the back face of the box, the next chain groove
must be about to break away from the sprocket covering
angle. Then, the final angel of back face of the box is
almost parallel to the chain. Storage box size is shown in
Fig. 6.

The Effect of the Lifting Mechanism Tilt Angle
on the Filling Performance

The research on chain drive has become mature, and the
research group has also done a lot of research on the chain-
roller seed-metering in the early stage (Ma et al. 2020). The
research showed that the tilt angle of the lifting mechanism
had a significant effect on the filling performance. The
smaller the tilt angle is, the better performance seed fills,
but the higher reseeding rate is. When it is large, the
replanting rate reduces and the structure is compact, but the
seeds are easy to drop down during the lifting process so as
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Fig. 7 Force analysis diagram
of lifting process

to result in missing-seeding. Force analysis diagram of
lifting process is shown in Fig. 7.

In order to make the chain groove to replenish the seeds
steadily, the force analysis of the seeds is according to the
Darren Bell principle.

Fyi + Fyy cos 0 = mgsin f§ + Fy, sin 0 4)
Fy1 +mgcos f — Fypcos 0 — Fpycos 0 > F, (5)
Fri = 1pFn (6)
Fry = pFna (7)
Fyi = pymg (8)
Fyy; = umg 9)
2mv?
F,=—* (10)

where f is the tilt angle of the lifting mechanism (°), 6 is
the bending angle of the chain groove (°), D is the sprocket
diameter (m), v, is the chain speed (m/s), u, is the static
friction coefficient between seed and seed, Fy; is the
support force for seeds (N), Fy, is the support force of
chain grooves on seeds (N), Fy; is the friction force of
chain groove on seed (V) and Fy; is the seed inertial cen-
trifugal force (NV).

Substituting the corresponding parameters obtains
f >20.94°. When the tilt angle of the lifting mechanism is
greater than 20.94°, the seeds can be smoothly replenished
into the chain groove. Based on the experiment and sub-
sequent simulation verification, when the lifting angle was
65°, the lifting chain groove has no empty grooves and the
amount of seeds was mostly two at different speeds, indi-
cating that the sugarcane seeds could fill the chain groove
with favorable performance. It verified the rationality of
the lifting mechanism design.
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Fig. 8 Force analysis on the chain groove
Design of the Chain Groove

Effectively lifting seed can reduce the sprocket speed and
increase the torque. At the same time, it can ease the
burden of the motor and reduce the cost. However, too
many seeds may cause insufficient kinetic energy when
they are thrown out, and seeds cannot enter the storage
space. Therefore, the chain groove is bent at an angle to
remove unnecessary seeds, so that one or two canes can be
kept in each groove. A force analysis on the chain groove is
shown in Fig. 8.

Fy —mgsiny > ma (11)
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d
EFfl =l (12)
d
1=t (14)
10"
Fyy = pymgcosy (15)

where 7y is the angle between seed centerline and vertical
line (°), a is the centroid acceleration(m/sz),d is the
diameter of seed (mm), w is the angular acceleration (rad/
s?), I is the moment of inertia (kg.m?), Wy is the rolling
friction coefficient between seeds, Fy; is the friction
between seeds, and Fy; is the support force for seeds (N).

After substituting relevant parameters, the critical
included angle of seed rolling is y = 17.92°. It is calculated
that the bending angle 0 of chain groove is 25°, which
could meet the loading requirements of chain groove.

Movement Analysis of the Chain Seeding Process

The seeds will slide when the chain groove round the
equilibrium position, and then, the seeds are thrown into
the storage space in an oblique throwing motion. Analyses
of these two processes separately are shown in Fig. 9.

The following formula is obtained according to the
kinetic energy theorem:

W + W, — Wy = AE; (16)

We = mighy +maghy (17)

Wy = umigsy + umogss (18)
1 1

AE; zzmlvf—&—imzv% (19)

Fig. 9 Chain groove seeding
diagram

1 .
W, = le(pzrg + f:g”smoml(pzrdr (20)
Wi = f;ﬁil(lsflvf) sin 0 mz(pzrdr (21)

where Wg is the work of gravity (J), W, is the work of
centrifugal force (J), Wy refers to the work of frictional
force (J), h; is the vertical of the seed before movement(m),
hy is the vertical of seed sliding out of the chain groove(m),
s1, §p are the distance of seed sliding (m), vy, v, are the end
speed of the seed sliding out of the chain groove (m/s), ¢ is
the angular speed of sprocket (rpm), r is the distance from
sprocket center to chain groove (m), and / is the bending
length of the chain groove (m).
It can be obtained from the above formula:

v = \/Zghl — psy + @2(ro + Isin 0)° (22)

vy = \/Zghz — sz + @2 (52 8in 0 + 215, sin> 0 — 53 sin” 0)
(23)

It could be seen that the change of the throwing speed of
the seeds was closely related to the angular velocity of the
sprocket and the sliding distance of the seeds on the chain
groove. In other words, the throwing speed of the seeds is
closely related to the sprocket speed and the seed size.

Design of the Roller Rake

The seed compensator device is driven by a stepping
motor, and the acceleration of the roller rake is affected by
the size of the roller rake and the torque of the motor.
Under the condition of a certain torque of the motor, the
smaller the size of the roller rake is, the smaller the
moment of inertia and the better the acceleration perfor-
mance is. The roller rake should be as small as possible to
increase the reliability of the device when the device needs

| |
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Table 1 Seed parameter

Parameter The maximum diameter (mm)

The minimum diameter (mm)

The average diameter (mm)

seed 37.26

22.34

35.32

41

36

Fig. 10 Roller rake slot size

to be started frequently. In this study, the seed was selected
as the research object, and the specific data are in Table 1.

In order to facilitate the filling seeds (Luo et al.2007),
the width L of the groove should be 10% larger than the
maximum diameter of seed.

L > 1. 1dma (24)

The depth of the groove should be equaled to or less
than the average diameter of seed for ensuring that only a
seed can be entered into the groove each time,

h ~ 0.9d,, ~ 1.1d,, (25)

when dp.x = 38mm,d,, = 35mm, roller rake slot size is
shown in Fig. 10.

The diameter of the roller rake is a key factor affecting
the performance of the filling. The larger the diameter of
the roller rake is, the more slots can be arranged. The
smaller the rotation angle of the replenishing is, the shorter
the replenish response time is. However, larger diameter
means larger structure, mass and moment of inertia.
Observation during the test (He et al. 2020) found that the
quantification rate of filling increased linearly with the
increase in the number of slot, and when the number of slot
is 8 or 10, the quantification rate was better. When the
number of slot is in a small amount, and the seeds storage
is insufficient, which will lead to missed seeds. When the
number of slot is too large, there are too many cane storage
tanks, which are prone to block.

The working mode of the roller rake is similar to the
type wheel seed-metering device, and its diameter should
be within 80 ~ 260 mm (Zhang et al. 2020a, b).
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According to the slot spacing is 0.5L design, the minimum
circumference of the roller rake is S.

S=1.5NL (26)

The diameter of the reseeding roller rake is Dy,
S
Dy> —+L (27)
n

Considering the size and the quantification rate of
filling, the number of roller slot is fixed as 8, and other
parameters are substituted to obtain Dy > 192.78mm, and
Dy = 200mm.

Analysis of Roller Rake on the Cleaning
Performance

When the storage space continuously provides seeds for the
roller rake, continuous multiple seeds enter the slot of the
roller rake, which are prone to replant. In order to achieve
accurate filling seed, the seed compensator device needs to
ensure that only one seed can be accommodated in the slot.
Multiple seeds will squeeze with the baffle, causing
replanting to be interrupted. So it is necessary to remove
the redundant seeds. However, the removal of seeds is
achieved by baffle and the roller rake blades. Therefore, the
force analysis of the seeds removal process is carried out.
Under normal conditions, the excess seeds can be lifted by
the roller rake blades as shown in Fig. 11.

E——
~<

I\

!

Fig. 11 Performance analysis of clearing

G
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D1=20-25mm

Fig. 12 Seed model

Ni = Npcos O+ f>sin 0 (28)
NycosO > mg +fi + f>cos0 (29)
Ml +M2 =0 (30)
fi = uNy (31)
Ja = uN> (32)

where N, is the supporting power of seed storage baffle to
seeds (N), N, is the supporting force of roller rake blades
on seeds (N), fi is the friction force of storage baffle on
seeds (N), f> is the friction force of roller rake blades on
seeds (N), 0y is the angle between the common tangent of
the seed and the blade of the roller rank and the horizon-
tal(°), and M is the moment (N-m).

Fig. 13 Simulation model of
seed compensator device

It was calculated that 6y is 23.86°. When the angle
between the common tangent line of the seed and the blade
and the horizontal line is greater than 23.86°, the excess
seeds can be cleaned, and 0, is in contact with the seed and
the blade. In other words, the seed cleaning effect is related
to the height of the right wall slot, the angle of the baffle,
and the offset distance of the baffle.

Motion Simulation

The quantification rate of being thrown into storage space
was correlated with the sprocket speed and seed size. The
seeds clearing performance of the roller rake is related to
the angle 6. In other words, it is related to the blade arc of
the roller rake, the angle of the seed storage baffle and the
offset distance of the baffle. Therefore, the virtual simu-
lation analysis was carried out on the seed compensator
device to verify the continuity of the device and prepare for
the subsequent experiment.

Simulation Model Establishment

In order to simulate the movement of seeds closer to the
real situation, seeds were designed as slightly curved cones
like Fig. 12, and length of double-buds seeds is 320 mm. A
total of 23 seeds of three sizes are placed in the storage
box.

SolidWorks has the advantage of modeling building. A
complex seed compensator device assembly model was
established on the SolidWorks software and then imported
into ADAMS for kinematic analysis. Seed compensator
device simulation model is shown in Fig. 13.

Material Parameter Setting

The model material parameters are shown in Table 2.

@ Springer
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Table 2 Simulation model material parameters

Materials Poisson’s ratio Young’s modulus (MPa) Density (kg/m3)
Steel 0.29 2.07 x 10° 7801
Seed 0.33 1172 1100
Table 3 Simulation model contact parameters
Constant  Stiffness Damping Force Penetration Static Dynamic Static transition Friction transition
type (N/mm) (N-sec/mm) exponent depth (mm) coefficient coefficient velocity (rpm) velocity (rpm)
Steel- 1 x 10° 50 1.5 0.1 0.08 0.05 0.1 10

steel
Steel- 4931 5 2 0.1 0.21 0.16 0.1 10

seed
Seed- 3000 5 2.2 0.1 0.40 0.35 0.1 10

seed

Table 4 Speed matching relationship

Forward gear Tractor speed (km/h) Sowing speed (root/s)

Seeding speed (rpm) Sprocket speed (rpm) slot speed (mm/s)

Al 3.07 1.00 10.70 18.33 65.26

A2 4.06 1.32 13.90 19.17 68.25

A3 5.05 1.64 17.12 20.00 71.21

A4 6.03 1.97 20.76 20.83 74.16

AS 7.02 2.29 24.29 21.67 77.16

Table 5 Sprocket speed level

Level 1 2 3 4 5
Sprocket speed (rpm) 18.33 19.17 20 20.83 21.67

In order to produce relative motion of each mechanism,
constraints should be added to each component (Table 3).
The work of applying contact is huge, so the macro com-
mand is used to add contact force.

The seed planter is pulled forward by the Lovol tractor,
and the field operation speed of the tractor is 3.07 km/
h ~ 7.02 km/h. Recorded in high-definition video, the
sowing speed of the seed-metering device is 1 s /root when
the tractor moves forward at the speed of 3.07 km/h. The
relationship between tractor speed and sprocket speed and
sowing speed is shown in Table 4.

@ Springer

Sprocket Speed

Therefore, five sprocket speeds were set for the five gears
of Lovol tractor (Table 5). The experiment conditions were
as follows: The height of right slot was 24 mm, the baffle
angle was 90°, and the offset distance was 10 mm.

The simulation experiment results of different speeds of
lifting mechanism are shown in Table 6. The results shown
that there is no empty chain groove, and the loading
capacity of chain groove is mostly 2 seeds under different
speed conditions. The lifting efficiency is high, and the
performance of filling seeds into chain groove is good,
which verifies the reasonable design of storage box and
lifting mechanism. However, when the sprocket speed is
18.33 rpm and 19.17 rpm, the maximum storage is small.
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Table 6 Seed filling performance statistics

Sprocket speed Empty chain Maximum storage

Missing seed of Chain groove loading rate (%)

(rpm) groove (Root) of storage space (Root) roller rake (Root)
1 root 2 roots 3 roots
18.33 0 2 1 8.33 91.67 0
19.17 0 2 0 16.67 75 8.33
20 0 4 0 0 90.91 9.09
20.83 0 5 0 8.33 91.67 0
21.67 0 6 0 8.33 91.67 0
Table 7 Important parameters of the experiment platform
Part Parameter
Seed Dpyin = 21.54mm, Dy = 37.26mm, D,,, = 33.42mm, / = 320mm, straight

Roller rake motor
Lifting motor

Storage box

Seed compensator device
Roller rake

Margin detection sensor
Storage detection sensor
Power

Digital camera
Photoelectric tachometer

Digital Vernier caliper

STP-58D4008 Stepping

57BL115S21-230TF9 Brushless DC Motor
520mm x 400mm x 435mm

700mm x 400mm x 485mm

Dy = 200mm,the number of roller slot is 8
LTD-080N Laser diffuse reflection photoelectric
LTD-080N Laser diffuse reflection photoelectric
LRS-350-24 Switched power supply
RMONCAM-G200

DIGT-DT-2234B

Meinaite-150 T

20-25mm

Fig. 14 Seed sizes match

In the case of continuous rotation of the roller rake, when
the sprocket speed is 18.33 rpm, the leakage of the roller
rake appears. When the sprocket speed is 20 rpm,
20.83 rpm and 21.67 rpm, the maximum seed storage
space is good and can meet the requirements, but the speed
of 20 rpm is lower and the motor pressure is smaller. In
conclusion, the sprocket speed of 20 rpm is more suitable.
(Table 7).

In order to explore the influence of seed size on seed
filling performance, three seed speeds with different sizes
were selected for analysis when the sprocket speed was
20 rpm. The size matching of seeds in the chain groove is

25-30mm

30-35mm

shown in Fig. 14 and 25-30 mm seed is at the bottom of
the chain groove.

The speed comparison diagram of seed seeds with dif-
ferent sizes is shown in Fig. 15. The dimensions of PART
134, PART_ 138, PART _ 136 are 20-25 mm, 25-30 mm
and 30-35 mm, respectively. There are speed differences
among different seed sizes, and the speed increases with
the increase in seed size. Therefore, seed size has an impact
on the speed of seeds into storage space, which is consis-
tent with the previous theoretical research results.

In order to explore the influence of sprocket speed on
seed filling performance, seeds with a diameter of 25—
30 mm are selected in the chain groove. The statistical
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Fig. 15 Speed comparison of different seed sizes

Fig. 16 Seed movement track

results show that the speed of seeds with the same size
fluctuates at different speeds, but there is no obvious reg-
ularity. It is proved that the effect of sprocket speed on seed
filling speed is not significant. According to the analysis in
combination with formulas (22) and (23), the coefficient
order of ¢? is lower than that of g, so the influence of small
change of sprocket speed on seeds filling speed is not
obvious. At this time, the seed filling kinetic energy is
mainly transformed by gravity potential energy, and the
speed fluctuation is caused by chain vibration. Track the
movement track of seed, as shown in Fig. 16.

The Height of Right Slot

The blade of the roller rake is an important factor affecting
the performance of the roller rake. The blade arc of the
roller rake can be changed by changing the height of the
right wall of the slot of the roller rake. The stress of seed in
the process of filling into the roller rake will change with
different blade arc. The fluidity of seed filling into the
roller rake can be reflected by the change of contact force
between seeds and the baffle. Experiment conditions are

@ Springer

the following: The sprocket speed is 20 rpm, the baffle
angle is 90°, and the offset distance is 10 mm. The
experiment level is shown in Fig. 17, among them, 36 mm
is the control group.

The simulation experiment results of the right wall
height of different slots are shown in Fig. 18. The results
show that when the right wall height of the slot is 16 mm,
28 mm, and 32 mm, a great contact forces appears. At this
time, seeds are squeezed by the roller rake and baffle,
resulting in seed sticking, and discontinuous replenishing.
Although no seed sticking occurs at 36 mm height, the
maximum contact force is close to 5000 N, which would
also cause great damage to seeds. When the height of the
right wall of the slot is 20 mm and 24 mm, the contact
force is low and about 100 N, there is no damage to buds
and blocking, and the seed clearing effect is good. Further
comparison shows that when the height of the right wall of
the slot is 24 mm, the contact forces density of greater than
50 N is 26.07% and the density of contact force less than
20 mm is 34.78%, and the seed clearing effect of the roller
rake is the best.

Baffle Angle

The baffles arrange the seeds to be replenished in an
orderly manner. And it interacted with the roller rake to
clean excess seeds in the slot of the roller rake at the same
time, which ensured that the roller rake has one seed per
groove. The baffle angle has an important effect on the
replenishing and cleaning performance of the seed com-
pensator device. The experiment conditions are set as fol-
lows: The sprocket speed is 20 rpm, the height of the right
wall of the slot is 24 mm, the offset distance is 10 mm, and
the experiment level is shown in Fig. 19.

The experiment results of different baffle angles are
shown in Fig. 20. Tremendous force was being exerted on
the baffle when the baffle angle was 80° and 100°. That
would result in discontinuous reseeding as the seed was
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Fig. 17 Simulation model of
the height of the right wall
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Fig. 18 Contact force of seeds at different heights on the right wall of the slot

squeezed against the baffle and roller rake. The maximum
contact force decreased gradually when the baffle angle
increases from 85° to 95°. And the maximum force at the
angle of 95° was 80.83 N. However, the force was mostly
distributed around 25 N and did not exceed 50 N at the
angle of 85°, which was small and evenly distributed in this
case. Therefore, when the baffle angle was 85°, the seed
clearing ability is the best and the damage to cane species
was small.

Offset Distance of Baffle

In order to explore the influence of the offset distance on
the seed filling performance of the roller rake, the contact
force between seeds and the baffle under each offset dis-
tance was analyzed. Experiment condition is as follows:
The sprocket speed is 20 rpm, the height of the right wall
of the slot is 24 mm, and the baffle angle is 90°. The
experiment level is shown in Fig. 21.
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The simulation experiment results of different offset
distances are shown in Fig. 22. The results show that the
maximum value of contact force is very large when the
offset distance is 0 mm and 5 mm, indicating that seeds are
sticking under these two offset distances, leading to the

Fig. 19 Baffle angle model
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interruption of replenishing. However, with the increase in
the offset distance, the phenomenon of seeds sticking dis-
appeared, and the maximum contact forces of seeds and
baffle were 103.57 N, 89.43 N and 101.16 N, respectively.
The maximum contact forces tended to decrease first and
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Fig. 20 Seeds contact force under different baffle angle

Omm

Al

Fig. 21 Offset distance of baffle model
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Fig. 22 Seeds contact force under different offset distances
then increase when the offset distance was greater than  Index

10 mm, but the changes were small. However, the contact
forces did not exceed 100 N when the offset distance was
15 mm. So the best offset distance was 15 mm.

Experimental Set Up

The instruments and equipment used in experiment plat-
form (Fig. 23) include: self-made seed compensator
device, photoelectric tachometer, digital Vernier caliper,
and digital camera. The whole mechanism was powered by
the motor, and important parameters of the experiment
platform are shown in Table 7.

Fig. 23 Self-made experiment
platform. / Roller rake motor, 2
roller rake, 3 lifting motor, 4
storage box, 5 lifting
mechanism, 6 baffle, 7 deflector,
8 first elevator chain grooves

Lifting efficiency and continuity are the import indicators
to measure the performance of the seed compensator
device. The purpose of the test was to verify whether the
optimized reseeding device could continuously lift seed
seeds from the reseeding box and whether the filling of
seeds in the reseeding roller rake was interrupted. There-
fore, the main parameter of the experiment was empty slot
rate, seed sticking rate and replanting rate.

The lifting performance is determined by the efficiency
of the groove to lift seeds which are specifically expressed
as the number of empty grooves (no seeds filling in chain
grooves) in the continuous lifting process.
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Th ber of empty slot
e number of empty slot 100%

Empty slot rate = The number of lifting

The seed clearing performance of the seed compensator
device is reflected by the filling state of seeds in the slot of
the roller rake. Specifically, whether the seeds are replanted
or stick in the groove is expressed by the replanting rate,
blocking rate and qualification rate:

The number of replanting

Replanting rate = x 100%

The number of replenishing

Th ber of sticki
e number of scking 100%

Blocki te =
ocking rate The number of replenishing

Quantification rate = 1 - Blocking rate

Performance of Equipment

According to theoretical analysis and simulation results,
the optimal level of each factor was selected to carry out
the verification experiment. The levels were 20 rpm of the
sprocket speed, 24 mm of the right wall height, 85°of the
baffle angle, and 15 mm for the offset distance. However,
tractor speed was slow when walking in the field. The
research group had previously verified that the sprocket
speed has no significant effect on the quantification rate of
replanting, and the previous simulation also verified that
the sprocket speed has no significant effect on the speed of
seed throwing in the storage space. Finally, this paper
selected 10 rpm as the sprocket speed to do experiment
according to the actual situation.

Before the test, the lifting mechanism should be checked
to prevent that it cannot work normally. At first, start the
lifting motor without seeds, measure the speed with Laser
Speedometer. Next set the lifting speed at 10 rpm, and
adjust the roller rake speed at 10 rpm. Then, 50 seeds of
double-buds would be placed in the storage box in an
orderly manner. During the experiment, a high-definition
digital camera was used to record each seed replenish, and
finally, result is shown in Table 8.

The experiment was repeated for 8 times with 50 seeds
each time. The qualification rate of seed filling was high
overall with an average of 96.21%, which effectively
reduces the leakage of seed-metering device and improves
the planting efficiency. The maximum rate of seed sticking
was 6%, and the average rate was 3.79%. The average rate
of empty grooves was 1.10%, which meant that the back
face of the storage box and the lifting mechanism had good
filling performance, and which ensures that the space will
not be interrupted due to the poor supply of seeds by the
lifting mechanism. The highest replanting rate was 4.17%,
which met the production requirements. And the situation
of reseeding and seeds blocking appeared during the
experiment are shown in Fig. 24.
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The quantification rate of the best original seed com-
pensator device suitable for sugarcane planters was 93.7%,
and its replanting rate is 1.69%. In addition, due to struc-
tural problems such as the curvature of the rear end of the
storage box and the unreasonable baffle, the seeds were
missed. Therefore, it can be seen that the performance of
the device has been better improved. The seed compensator
device has favorable performance of filling and clearing
seeds, which can realize continuous replanting and reduce
seed leakage in the process of seed planting.

Single Factor of Experiments

Actually, the speed of the transversal sugarcane planter is
often not unstable. There will be a certain range of fluc-
tuations due to the complex field environment. And the
number of empty slot in the first grade elevator chain is
also random. Physical platform experiments are carried out
in the laboratory for situations that may occur in actual
working conditions. Explore the adaptability of seed
compensator device to different working conditions under
different seeding speeds, different consecutive missed
numbers and different speed change rates.

Results and Discussion

In order to experiment the influence of the quantification
rate of replanting under different working conditions, the
quantification rate as an indicator was selected, and five-
level single-factor experiments were carried out on the
seeding speed, the number of consecutive missing seeds,
and the speed change rate. The experiment counted 30
seeds orientation in each group, and each experiment
repeated three times for each level and took the average
value. The single-factor test results are shown in Table 9.

According to the single-factor experiment results, the
relationship between seeding speed, the number of con-
secutive missing seeds, speed change rate and qualification
rate is shown in Fig. 25

The variance analysis was carried out on the experiment
results, and the analysis results are shown in Table 10.

The quantification rate showed a downward trend with
the increase in seeding speed, but it had a high quantifi-
cation rate when the seeding speed was less than
17.12 rpm. When the seeding speed was greater than
17.12 rpm, the quantification rate was obviously reduced.
The high seeding speed would shorten the detection time of
the sensor, resulting in a major recognition error. At the
same time, the analysis of variance on the experimental
data showed that the P value of the seeding speed on the
quantification rate was 0.000, which confirmed that the



Sugar Tech (Sept-Oct 2022) 24(5):1551-1569

1567

Table 8 Important parameters of the experiment platform

Number Empty groove rate Blocking rate (%) Replant rate (%) Quantification rate (%)
1 0.00 2.00 0.00 98.00
2 3.03 4.08 2.04 95.92
3 0.00 2.08 4.17 97.92
4 2.86 6.00 0.00 94.00
5 0.00 4.08 2.04 95.92
6 0.00 2.00 0.00 98.00
7 0.00 6.00 0.00 94.00
8 2.94 4.08 2.04 95.92
Average 1.10 3.79 1.29 96.21

Fig. 24 Reseeding and seeds

blocking

seeding speed had a significant impact on the quantification
rate.

The quantification rate presented a trend of increasing
first and then decreasing, but the overall decrease and the
change range were small (less than 10%). And it could be
90% quantification rate when the number of consecutive
missed seeds was less than 3 roots. The variance results
shown that the P value was 0.046, indicating that the
number of consecutive missed seeds had a significant
impact on the s quantification rate.

The quantification rate first rose linearly and then
decreased with the change of the speed change rate and
then stabilized. It also reached the maximum at 0% speed
change rate. Both were in an inverted V shape, but the
overall quantification rate changed slightly (less than 5%),
indicating that the compensator system had nice adapt-
ability to speed fluctuations. The variance results showed
that the P value was 0.688, indicating that the speed change
rate had no significant influence on the recognition rate and
the quantification rate.

In summary, a single-factor experiment was carried out
according to the selected seeding speed, the number of
continuous missing seeds and the rate of speed change. The

results showed that the seeding speed and the number of
continuous missing seeds had a significant impact on the
quantification rate, and the speed change rate had no effect
on the quantification rate. The compensator system had a
better speed following ability when it was less than 17.12r/
min, and maintained a better quantification rate with fewer
missing seeds. The system was less affected by the fluc-
tuation of speed, indicating that the system could be
achieved under different working conditions and demon-
strated excellent work performance.

Conclusion

(1) This paper designed a seed compensator device for
the transversal double-bud sugarcane planter with
seed pre-cutting to solve the following problems. It
could handle the question of high missing rate for
seed-metering device, and deal with the issue of the
poor continuity for the seed compensator. According
to the movement analysis of seed during the
replanting process, its main parameters were deter-
mined by simulation experiments.
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Table 9 The experiment result of single factor

Factor Level Quantification rate 1  Quantification rate 2  Quantification rate 3 ~ Average
(%) (%) (%) qualification
rate (%)
Seeding speed (r/min) 10.70 90.33 90.00 96.67 92.33
13.90 86.67 90.00 86.67 87.78
17.12 86.67 86.67 83.33 85.56
20.76 73.33 66.67 70.00 70.00
24.29 60.00 63.33 63.33 62.22
The number of consecutive missing seeds 1 93.33 90.00 96.67 92.33
(root) 2 93.33 93.33 96.67 94.44
3 86.67 93.33 90.00 90.00
4 90.00 83.33 83.33 85.55
5 83.33 86.67 86.67 85.56
Speed change rate (%) — 10 90.00 90.00 86.67 88.89
—5 9333 93.33 86.67 91.11
0 93.33 90.00 96.67 93.33
5 90.00 90.00 90.00 90.00
10 90.00 96.67 83.33 90.00
100 .
95 * 947 — quantification rate|
961
S 9] '\ < o9
kt — Feay \ <
il g 29
ER 890 391
g 70 £ s § 90 . .
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601 ; ) 891
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Fig. 25 The trend chart of qualification rate

Table 10 Table of variance analysis of single-factor test results

Source Freedom Adj SS Adj MS F value P value
Seeding speed (r/min) 4 2055.190 513.799 77.100 0.000
Error 10 66.640 6.644

Total 14 2121.840

The number of consecutive missing seeds 4 160.000 40.010 3.600 0.046
Error 10 111.200 11.120

Total 14 271.200

Speed change rate 4 34.060 8.515 0.570 0.688
Error 10 148.190 14.819 91.11

Total 14 182.240
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(2) The simulation results manifested that the sprocket
speed had no significant effect on the speed of seed
throwing in the storage space, but the size of seed had
a significant effect on the rate of seed casting. The
slot height of the right wall is too low or too high
would lead to the phenomenon of stuck seed. When
the slot height is 24 mm, the roller rake has the best
seed cleaning effect. The closer the baffle angle was
to 90°, the lower the probability of seed sticking
occurred. When the baffle angle was 85°, the lower
frequency of contact force was the best. With the
increase in the offset distance, the probability of card
species decreases.

(3) The verification experiment of the seed compensator
device was carried out on the self-developed exper-
iment platform to verify the continuity of seed filling
and seed cleaning. It was proved that the seed
compensator device could match the seed-metering
device, reduce the seed leakage rate and improve the
economic benefit. The mean values of each index
were 1.10% of the empty slot rate, 3.79% of the seed
sticking rate, 1.29% of the replanting rate and 96.21%
of the qualification rate.

(4) The single-factor experiment showed that the com-
pensator system had a better speed following ability
when it was less than 17.12r/min, and maintains a
better quantification rate with fewer missing seeds.
Moreover, it was less affected by the fluctuation of
speed.
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