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the optimization experiment of rape blanket seedling transplanter

Lan Jiang, Chongyou Wu®, Qing Tang, Min Zhang, Gang Wang, Jun Wu
(Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: Considering both high efficiency and high seedling standing quality is a significant objective for crop mechanized
transplanting. Rape blanket seedling transplanting is an innovative and efficient transplanting technique. However, falling
off phenomenon has become a common problem facing rape blanket seedling transplanting fields that causes seedling standing
quality decrease and restricts crop growth. In this study, the rape blanket seedling of Ningza-1838 varieties and 35 d of
seedling age was taken as the research object. The critical falling off equations of seedling was established by dynamic
analysis. Main factors affecting seedling falling off were obtained. The critical value of each factor was calculated which
were as follows: the rotation speed of the planting mechanism was 24.6 rad/s, the substrate moisture content was 50.4% and the
longitudinal picking seedling quantity was 14.7 mm. Taking the seedling falling off rate as evaluation index, the measured
critical value of seedling falling off was determined by high speed photography experiment. Under the condition that substrate
moisture content was 55% and the longitudinal seedling quantity was 15 mm, the seedling falling off rate sharply increased
when the transplanting mechanism rotation speed was increased from 24 rad/s to 26 rad/s. Under the condition that the
rotation speed was 22 rad/s and the longitudinal picking seedling quantity was 15 mm, the seedling falling off rate rapidly
decreased when the moisture content was increased from 47% to 53%. When moisture content exceeded 53%, this exhibited
no obvious change. Under the condition that the moisture content was 50% and the rotation speed was 22 rad/s, the seedling
falling off rate swiftly raised when the longitudinal picking seedling quantity was increased from 14 mm to 17 mm. The
experimental results showed that the seedling falling off rate increased significantly near the critical value. The experimental
results showed that the seedling falling off rate changed significantly near the critical value. It proved that the model was
correct. Response surface experiments with the Box-Behnken design were conducted to determine the optimal combination
parameters, which were as follows: substrate moisture content was 56.24%, planting mechanism rotation speed was 22.04 rad/s,
and longitudinal picking seedling quantity was 14.91 mm. At this time, the seedling falling off rate was 1.36%, which ensured
The verification test was conducted, and the

The results of verification test were

that seedlings could be transplanted stably under the carrier of seedling needle.
working parameters were adjusted according to the optimization results in experiment.
highly consistent with the optimization solution. The present study may provide a theoretical method for improving seedling

standing quality of rape blanket seedling, and laid a foundation for the popularization and development of rape carpet seedling
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transplanting.
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1 Introduction

Rape is an important oilcrop in China.
rice-rice-rape rotation cropping pattern are usually adopted
order to ensure the rape growth period, 30%-40% of the total area
is planted through transplanting. Rape transplanting can shorten
the growth period in native fields, which plays an important role in
ensuring the stable and high yield of grain and rape!*”. At

The rice-rape and
U310 In

Received date: 2018-07-22 Accepted date: 2019-04-22

Biographies: Lan Jiang, Master, research interests: agricultural mechanization
engineering. Email: jianglan0719@163.com; Qing Tang, Master, research
interests: agricultural mechanization engineering. Email: 285881240@qq.com;
Min Zhang, PhD, research interests: agricultural mechanization engineering.
Email: zhm0912@126.com; Gang Wang, Master, research interests: agricultural
mechanization engineering. Email: 421404047@qq.com; Jun Wu, Master,
research interests: agricultural mechanization engineering. Email: 362268885@
qq.com.

*Corresponding author: Chongyou Wu, PhD, Professor, research interests:
agricultural mechanization engineering. Nanjing Research Institute for
Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing
210014, China. Tel: +86-15366092918, Email: cywu59@sina.com.

Critical equation of seedling block falling off in transplanting

Int J Agric & Biol Eng, 2019; 12(5): 87-96.

present, artificial transplanting is mainly used in rape transplanting
in China, which has problems such as high labor intensity and high
cost.

Mechanized transplanting equipment is mainly divided into
manual transplanter, semi-automatic transplanter and full-automatic
transplanter.
is relatively mature, represented by large scale and fully automated.
However, as a result of the planting system and mode, few foreign
researches on rape transplanting technology have been reported.
Major rape producing countries such as Germany, Australia,
Canada, and France adopt mechanical direct-seeding. Research
on rape transplanting technique in China started late, represented
by semi-automatic. =~ Fulai Agricultural equipment Co., Ltd
develops 2ZQ-4 rape transplanter.
about 40 plants/min by tests. Liu et al.®} developed a drilling
mechanism of rape transplanter for heavy soil conditions. Its
transplanting efficiency is 50-60 times/min.  The drilling
mechanism has excellent drilling effect and the distance between
holes can be kept even. Liao et al.”! designed a conveyor belt
type detaching device of transplanter for rape pot seedlings to solve

The transplanting technology in developed countries

The transplanting efficiency is
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the problem of poor substrate integrality and poor transport
stability during
transplanting machine has a certain amount of technical
characteristics, but there are still several defects, such as planting
seedlings still rely on labor, and the whole process of
mechanization cannot be realized. The rape transplanter has low
efficiency, and cannot be adapted to paddy soil conditionst'®'?].

In order to improve the present situation of rape transplanting,
a rape blanket seedling transplanter was designed with the
reference principle of the rice transplanter. The efficiency of the
rape blanket seedling transplanter can reach up to 10 times higher
than that of a traditional rape transplanter'*'”.  The high
efficiency and seedling upright rate of a transplanter are the most
crucial issues to achieve high quality transplantation. During the
operation of the planting mechanism, the mechanism parameters
and mechanical properties of rape blanket seedling can affect the
integrality of seedling block and seedling-standing quality!'®*%,
In the present study, it was found that the transplanting mechanism
mainly used the adhesion and friction between the seedling needle,
push rod and substrate of the rape blanket seedling, in order to
complete the seedling transportation!'®*!.  During the process of
seedling transportation, seedling blocks occasionally fall off from
the planting mechanism and into the soil, which seriously affects
seedling upright quality.
bottleneck in restricting the development of rape seedling
transplanting mechanization. Research scholars have studied the
mechanical characteristics of the pot seedlings and transplanting

seedling separation. The current rape

These problems have become a

mechanism. Chen et al.” and Liu et al.” and Zhang et al.*
studied the contact and collision movement of vegetable such as
tomato and broccoli in the planting mechanism, so as to optimize
the structural and performance parameters of the planting
1.7 established the motion trajectory and
angle variation equation of maize seedling in the process of
transporting, and analyzed the seedling landing posture under
different conditions.
improving the transplanting quality of rape blanket seedling
transplanter is still blank.

In the present, the dynamic model of rape blanket seedling
block in the process of seedling transportation was established.
The critical conditions for seedling falling off during the seedling
transport process were investigated.

mechanism. Liu et a

Nonetheless, the theoretical research on

The main factors that
affected seedlings falling off and the critical value of each factor
were obtained. The transplanting test for rape blanket seedlings
was carried out using a single factor test and response surface test.
The present study may provide a reference for the research and
development of rape blanket seedling transplantation with high
seedling upright quality.

2 Structure and working principle of a rape blanket
seedling transplanter

2.1 Rape blanket seedling transplanter

The rape blanket seedling transplanter used in experiment is
shown in Figure 1. It mainly consists of a furrow opener, seedling
feeder mechanism, planting mechanism, compacting mechanism
and chassis. The transplanter has a wide row spacing of 600 mm
and a narrow row space of 300 mm. Furthermore, hole spacing
was 120-200 mm, engine power was 12.8 kW, and transplant
efficiency was 300-480 holes/row/min.

When the equipment operates, the transplanter engine provides
motive power, which drives the spindle to rotate through the

hydraulic system. Under the action of traction force and
transplanter gravity, the corrugated disc furrow opener loosens the
soil for ditching. Then, the rape seedling block is inserted into the
seedling ditch, which is kept upright by relying on the soil and
seedling ditch wall. Finally, the soil on both sides of the seedling
ditch is squeezed around the seedling through the V-shaped
compacting mechanism, and the seedling is compacted and

consolidated.

Seedling feeder
mechanism

—
Planting
mechanism Transplanter
chassis
Compacting
mechanism

Furrow opener

Figure 1 Rape blanket seedling transplanter

2.2 Planting mechanism

The planting mechanism of a rape blanket seedling transplanter
is the transplanting mechanism with planetary elliptic gears, which
comprises of the sun gear, middle gear, planet gear, planet carrier,
planting arm, seedling pushing device and seedling needle (Figure
2). The sun gear is fixed to a frame, the planet carrier is a driving
member, the planting arm is fixed to the planet carrier, the seedling
needle is fixed in front of the planting arm, and the push rod of the
seedling pushing device is installed on the inside of the seedling
needle, which realizes the intermittent pushing of seedlings through

cam rotation?33%,

L7
|
| ~ [JL—~6
D I
1. Planet carrier 2. Sun gear 3. Middle gear 4. Planet gear 5. Static

trajectory 6. Substrate 7. Seeding 8. Dynamic trajectory 9. Picking
seedling position 10. Seedling needle 11. Pushrod 12. Planting arm

Figure 2 Structural diagram of the planting mechanism

When the planting mechanism operates, the planet carrier
rotates clockwise and drives the planet gear to rotate at a
non-constant-speed, in order to realize the reciprocating swing of
the planting arm. The absolute motion of the needle tip on
planting arm comprises of the uniform rotation around the planet
carrier and the unequal speed rotation around the rotation center of
the planet gear. Based on dryland soil properties, rape blanket
seedling transplanting characteristics and the condition of vertical
seedling, the planting trajectory with a large dip pushing angle and
a vertical fast return was designed. The design parameters of the
planting mechanism are presented in Table 1.

The planting process can be divided into four stages: picking
seedling (4B), transporting seedling (BC), pushing seedling (CD),
and returning (DA). During planting, the planet carrier rotates at
high speed. Seedling needle tears the seedling block from the
seedling tray by shear force, and moves the seedling block
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according to the planting trajectory. When the needle reaches the
pushing position, the spring of the seedling pushing device matches
the cam rotation to push the push rod out. The seedling block is
separated from the seedling needle, and planted into the soil. In
order to avoid knocking down the transplanted seedling in the
return course, the seedling needle returns quickly, and rotates to the
position of the picking seedling for the next planting exercise.

Table 1 Major design parameters of the planting mechanism

Parameters Values
Elliptic gear tooth number 21
Elliptic gear modulus 2
Elliptic gear eccentricity 0.152
Length of the seedling needle tip and planet gear center/mm 162
Initial installation angle of planet carrier/(°) 35
Initial installation angle of planting arm and planet carrier/(°) 58

2.3 Rape blanket seedling

In order to adapt the requirement of the transplanting machine,
rape blanket seedlings are provided with characteristics of high
density, small but strong seedlings, and strong packing root (Figure
3). After the preliminary experiments on the morphological
characteristics and physical parameters of rape blanket seedlings
and several years of field experiments, rape density was determined
as 4000-5000 plants/m®'®).  When the breeding procedure is
finished, the well-developed lateral roots are bound with substrate,
forming a seedling blanket that has strength and elasticity. After
transplanting the seedling, the lower part is the substrate block,
while the upper part was the seedling. The size of the single
transplanted matrix was determined through the longitudinal
picking seedling quantity and feed-time, which was defined as 12
times in a longitudinal picking seedling quantity through the test of
picking seedling effect. = The longitudinal picking seedling

quantity can be adjusted in the range of 8-17 mm.

Figﬁre 3 Rape blanket seedling

3 Dynamic analysis of the transplantation process

According to the transmission characteristics of the fixed axis
gear train for the elliptical gear, a mathematical model of the
planting mechanism was established. As shown in Figure 4, the
rectangular coordinate system is established by taking the rotation
center of the planet carrier of the transplanting mechanism with the
planetary elliptic gears as the origin. Thus, the dynamic trajectory
displacement equation of the seedling needle tip E is obtained, as
follows:

x, =4icos(a, —@,)+Lcos(a, —ay—@)+¢,-H/mn

{yd =4isin(a,, — @, )+ Lsin(a, — o, — ;) M
where, x; is the dynamic trajectory of the seedling needle tip in the
X-axis, mm; y, is the dynamic trajectory of the seedling needle tip
in the Y-axis, mm; H is plant spacing, mm; 7 is the long-axis radius
of the pitch curve for the elliptic gear, mm; ay is the installation
angle between the planet carrier and X-axis, rad; ¢y is the planet
carrier rotation angle, rad; g, is the installation angle between the
planet carrier and planting arm, rad; ¢ is the planet gear rotation

angle, rad; and L is the length of the seedling needle tip and planet
gear center, mm.

oy |

1
1. Sun gear 2. Planet carrier 3. Middle gear 4. Planet gear 5. Seedling
needle 6. Rape seedling 7. Substrate

Figure 4 Kinematic diagram of the seedling transportation
process

After seedling extraction, the substrate is inside the seedling
needle. An angle between 15° and 25° is naturally formed due to
the combination of the seedling and the outside of the seedling
needle, which is defined as 20°. The dimension relationship
between the mass center and seedling needle tip is established,
as shown in Equation (2) and (3). The offset coordinate of the
mass center relative to the seedling needle tip is defined as (x,, y.).
The 3D model of Ningza-1838 rape blanket seedling was
established to determine the mass center position (C,) of the
seedling block.

L = \/(Lsinal -x.)" +(Lcosa, —y.) 2
@, = arctan Lsing, —x, (3)
Lcosa, —x,

where, L. is the distance between the mass center and planet gear
rotation center, mm; ¢, is the angle of the connecting line between
the needle tip and planet gear rotation center and the connecting
line between the mass center and planet gear rotation center, rad; o,
is the angle of the seedling needle and the connecting line between
the needle tip and planet gear rotation center, rad; and ¢;=0.137
was determined through the structural parameters of the planting
arm.

The acceleration equation of the seedling needle tip E is
obtained through the second derivation of Equation (1).
Combined with Equation (2) and (3), and based on Newton’s
second law, the force relation of a seedling block moving according
to the planting trajectory is calculated as:

. 2 2 . .
F.=—4imw” cos(a,, — @, )— L.mw cos(a, —a,— @, — @) iy, "y

. 5 . 5 . . L
F:v =—4imw”sin(a, — @) — Lmw’sin(a, —a, = @, — @) iy * I3y

“4)
where, F, is the resultant force of the seedling block mass center in
the X-axis of the absolute coordinate system, N; F), is the resultant
force of the mass center of the seedling block in the Y-axis of the
absolute coordinate system, N; i3y is the transmission ratio of the
planet gear relative to the planet carrier; w is the rotation angular
velocity of the sun gear; and m is the mass of the picked seedling
block.

In order to expediently calculate, the dynamic coordinate
system, which takes the seedling block mass center as the origin
and the direction of the vertical seedling needle as the X-axis, is
established, as is shown in Figure 4. Equation (5) is the force
relation of the seedling block after transforming the coordinate
system.
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F'=F cosp, + F sing,

, , ‘ )
F, =—F_ sing, + F,cosp,
Pa=2/m—(o0—a+aitps) (6)

where, F) is the resultant force of the mass center of the seedling
block in the X-axis of the transformation dynamic coordinate
system, N; F) is the resultant force of the mass center of the
seedling block in the Y-axis of the transformation dynamic
coordinate system, N; and ¢, is the angle between the X-axis of the
dynamic coordinate system and horizontal plane, rad.

The force relation curve of the seedling block is drawn using
MATLAB. As shown in Figure 5, the resultant force is initially
negative, and becomes positive in the X-axis, which decreases in
the negative X-axis and increases in the positive axis. It is always
When the
resultant force of the seedling block on the X-axis is in the same

positive in the Y-axis, which gradually increases.

direction of the gravity on the X-axis, the numerical relationship
between F| and G, affects the relative movement tendency of the
seedling block. Therefore, the force condition of the seedling
block during the seedling transportation process is divided into
three stages:

1) The force in the X-axis is negative, F;>G,. The force in
the Y-axis is positive. At this time, the resultant force is located in
the II quadrant of the dynamic coordinate system;

2) The force in the X-axis is negative, Fy<G,. The force in
the Y-axis is positive.

3) The X-axis force is positive. The Y-axis force is positive.
At this time, the resultant force is located in I quadrant of the
dynamic coordinate system.

0.4

=
b

0r

Force on X-axis/N

0.03 0.06 0.09 0.12 0.15
Time/s

a. Resultant force of the seedling block mass center in the
X-axis of the dynamic coordinate system

04r

03

Force on Y-axis/N

0 0.03 0.06 0.09 0.12 0.15
Time/s

0

b. Resultant force of the seedling block mass center in the
Y-axis of the dynamic coordinate system
Figure 5 Force relation curve of the seedling block in the seedling
transport process

When the rape blanket seedling is removed from the feeding
box, the upper surface of the substrate is attached to the push rod,
and the side of the substrate is mainly attached to the inner wall of

the seedling needle. Due to the tearing force in the picking

process and substrate elastic deformation, the substrate size would
be larger than the seedling needle. Thus, the partial substrate is
attached to the upper surface of the outer wall of the seedling
needle. During the seedling transportation process, the seedling
block is subjected to gravity and contact forces. When these
forces are not enough to provide the force required for the seedling
block to motion according to the planting trajectory, the seedling
block slips along the vertical direction of the seedling needle and
drops out.

The force analysis on the seedling block in stage one is shown
in Figure 6. The seedling block mass center is defined as the
origin, and the direction of the vertical seedling needle is defined as
the X-axis. The seedling falling off condition is obtained by
analyzing the force of the seedling block on the planting

mechanism.
’
F>Fy+t,+7,+F —Gcosg,
. .
F =F_ +P,+Gsing,

Fﬁrl =F, f

(F.2G) (N

where, Fy, is the friction of the substrate and the upper surface of
the seedling needle inner wall, N; 7. is the shear adhesion force of
the substrate and the side of the seedling needle inner wall, N; z; is
the shear adhesion force of the substrate and the upper surface of
the seedling needle inner and outside walls, N; P, is the normal
adhesion force of the substrate and push rod, N; F,,; is the normal
supporting force of the substrate and the upper surface of the
seedling needle inner wall, N; Py, is the normal adhesion force of
the substrate and the upper surface of the seedling needle outside
wall, N; and fis the friction coefficient.

Figure 6 Force analysis on the seedling block in stage one

o

As shown in Figure 7a, the seedling falling off condition
during stage two could be obtained, as follows:
F >z +7,+ P, —Gcos
¥y K - c d ¢74 (FL; < G‘/) (8)
F!=Gsing, - P, '
where, Py, is the normal adhesion force of the substrate and the
upper surface of the seedling needle inner wall, N.
As shown in Figure 7b, the seedling falling off condition
during stage three could be obtained, as follows:

’
F >t +7,+F +F,,—Gcosg,

F; =P, +F,,—Gsing, 9
F/sz =F, f

where, Fy, is the friction of the substrate and the upper surface of
the seedling needle outside wall, N; F,, is the normal supporting
force of the substrate and the upper surface of the seedling needle
outside wall, N.
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a. Force analysis on the seedling block b. Force analysis on the seedling block

in stage two in stage three

Figure 7 A schematic diagram of the force on the seedling block

4 Application and test for the condition equation of
seedling falling off

4.1 Morphological characteristics of rape blanket seedling

The morphological characteristic parameters of the rape
blanket seedlings required in above dynamic model were obtained
by experiment. The variety of rape applied in the test was
Ningza-1838 and the seedling age was 35d. A 280 mmx580 mm
tray was used to cultivate the seedlings. The rape blanket was
sliced with a cutter and sampled, and each of which had complete
substrates and single seedlings, as shown in Figure 8. Thirty
samples were randomly selected for measuring dimensions using a
vernier calliper (MNT-200, Shanghai Meinaite Metals Instruments
Co., Ltd, China) with a sensitivity of 0.02 mm. A digital counting
balance (JM Industry co., Ltd, China) with an accuracy of 0.01 g
was employed for measuring the mass of seedling and substrate.
The results are shown in Table 2.

Figure 8 Force analysis on the seedling block in stage one

Table 2 Characteristic parameters of rape blanket seedlings

Parameters Range Mean COZ?;CZ;SI?S%

Seedling height/mm 115.62-126.12 119.38 11.79
Rhizome diameter/mm 1.72-2.14 1.84 16.39
Seedling width/mm 68.34-80.02 74.91 22.15
Seedling mass (without root)/g 0.65-0.88 0.73 12.84
Substrate density/kg-m™ 810-990 880 10.60
Substrate thickness/mm 18.76-21.48 20.03 4.25
Picked substrate dimension o 23.33x o
(lengthxwidth)/mm (8-17)

4.2 Physical characteristic parameter experiment of substrate

When the substrate part had contact with the planting
mechanism, adhesion and friction occurred. Based on the theory
of adhesion and friction of soil to metal materials, the unit normal

adhesion force of soil is defined asP”:

T= L (10)
S
where, T is the unit normal adhesion force, N/em?; P is the tension
required to separate from the adhesive surface, which acts on the
vertical direction of the projectile interface, N; and S is the contact
projection area between soil and non-soil objects in the vertical
direction, cm?.
The friction resistance of soil consists of shear adhesion force
and friction?".

F=t+F}f (11)
where, F; is the friction resistance, N; 7 is the shear adhesion force,
N; F,, is the normal load, N; f'is the friction coefficient.

The substrate of rape blanket seedling was cut into 10 cmx
10 cm samples by a rectangular cutter, and its mass was measured
by a digital balance. The seedling needle stuck into substrate to
cut the seedling block, and contacted with the inner part of
substrate during the process of seedling transporting. Therefore,
the roots at the base of substrate were cut off to expose the inner
part of substrate. The normal adhesion force was measured by
universal testing machine (2450-200, INSTRON, America). A
stainless steel plate made of the same material as the seedling
needle is placed under the tester and a V-type clamp is installed A
stainless steel plate made of the same material as the seedling
needle was placed under the tester and a V-type fixture was
installed. The sample was placed on the stainless steel plate, the
center of which was aligned with the center of V-type fixture.
The seedlings at the center of the substrate were tied together with
a soft rope.
was completely separated from the steel plate. The tensile rate of
the tester was set to 1 mm/s. The maximum tensile force obtained

Fixture took the rope and pulls it up until the sample

by test minus sample mass is normal adhesion force. In the test of
measuring shear adhesion force and friction coefficient, the
substrate was cut into same size and placed horizontally on the
stainless steel plate. The side of substrate was surrounded and
fastened by a flat soft rope. The tension meter was connected to
the ring port and is drawn slowly until the specimen moves. The
maximum tensile force during the test is the friction resistance of
the substrate. A tensionmeter (HP-30, Yueqing Handpi
Instruments Co., Ltd, China) was used to connect with the soft rope
and dragged slowly along the horizontal direction until the sample
moved. The maximum tension recorded in test was the friction
resistance of the substrate. Weights of different mass were placed
on the substrate to change the normal pressure. The weights were
selected as 150 g, 300 g, 450 g and 600 g. Based on Equation
(13), the friction resistance under different weights was fitted
linearly. The slope of fitting function was friction coefficient.
The intercept from Y-axis was shear adhesion force.

The moisture content of substrate was set in the range of 44%
to 64%. An infrared moisture determination balance (FD-720,
Kett, Japan) was used to measure the moisture content of substrate
with drying method. A five-point method was applied to sample
the substrate in the same tray, and the average value of them was
used as the moisture content of substrate in this tray. As shown in
Figure 9, the relationship between the unit normal adhesion force,
unit shear adhesion force, friction coefficient and moisture content
was investigated by regression analysis, and all tallied with the
parabolic distribution. Three fitted equations and correlation
coefficients were expressed.
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Figure 9 Regression curve of the physical characteristic parameter of the substrate

4.3 Motion analysis results of the seedling block

From the above theoretical analysis, it was found that the
seedling falling off problem could be determined through the mass
of the picked seedling block, substrate moisture content and
rotation speed of the planting mechanism. Mass is adjusted
through the longitudinal picking seedling quantity. By fixing two
of these factors, the seedling falling off critical value of the other
factor could be found.

When substrate moisture content was 55% and longitudinal
picking seedling quantity was 15 mm, that seedling block mass was
calculated to be 6.89 g combined with the test parameters in Table
2, the unit normal adhesion force (77) was calculated to be
0.0892 N/cm? using the fitting function in Table 2.  Similarly, the
unit shear adhesion force (C;) was calculated to be 0.0710 N/em?,
and the friction coefficient (f;) was calculated to be 0.66. The
seedling needle with a width of 20 mm and the matching push rod
were selected for this test. The normal contact area between the
substrate and the upper surface of seedling needle outside wall was
measured as 0.36 cm®. The normal contact area between the
substrate and the upper surface of the seedling needle inner wall
was 1.61 cm®. The normal contact area between the substrate and
the side surface of the seedling needle inner wall was 2.66 cm?.
The normal contact area between the substrate and push rod was
2.62 cm’. The above data were substituted into the condition
equation of seedling falling off in each stage, and the critical value
of the transplanting mechanism rotation speed (w) was obtained as
24.6 rad/s. Similarly, when the rotation speed was 22 rad/s and
the longitudinal picking seedling quantity was 15 mm, the substrate
moisture content was calculated to be 50.4%. When the substrate
moisture content was 50% and the rotation speed was 22 rad/s, the
longitudinal picking seedling quantity was calculated to be
14.7 mm.

4.4 A study on the single factor test of the seedling block
movement

(1) Materials and equipment

All tests were carried out in the test field of Nanjing Research
Institute for Agricultural Mechanization, Nanjing, China. The
condition of field test was shown in Figure 10. The Ningza-1838
rape cultivar was used in the experiments. The seedling age was
35 days. The equipment comprised of the experimental prototype
of the rape blanket seedling transplanter, a high-speed camera
(Redlake promotion X2), and a computer.

(2) Method

Based on the results of the seedling block motion analysis, the
effects of the planting mechanism rotation speed, longitudinal
picking seedling quantity and substrate moisture content on the

performance of the seedling falling off rate were investigated.
The moisture content was determined using the drying method.

Es -

The motion video of the planting process of the rape blanket
seedling was recorded using a high speed camera. The shooting
rate was determined as 200 frame/s®'??. A total of 50 planting
processes were performed, which were guaranteed to have
complete substrates, and the seedlings were randomly selected
from the collected images in each group of experiments, which was
recorded as y. The number of planting process samples that have
fallen off the plant was recorded as N;. The seedling falling off

Figure 10  Field experiment

rate was defined as the assessment indicator, according to Equation
(12).

q:%xm% (12)

0

where, 7 is seedling falling off rate, %; N, is the total number of
planting processes for each group of test samples; and N, is the
number of seedlings falling off.

(3) Results and analysis of the single factor test

Figure 11 was the experimental photograph taken with a
high-speed camera.
results and practical experience, the effect of the rotation speed of
the planting mechanism within the range of 16-34 rad/s on the
seedling falling off rate was investigated. The results are shown
in Figure 12a. When the rotation speed of the planting
mechanism was less than 24 rad/s, the seedling falling off rate was
low, which remained unchanged. When the rotation speed was
increased from 24 rad/s to 26 rad/s, this sharply increased. In the
range of 24-32 rad/s, the seedling falling off rate increased with the
increase in rotation speed. Therefore, a rotation speed of the
planting mechanism at approximately 24 rad/s can be obtained as
the critical range of seedling falling off. Figure 12b shows the
effect results of the substrate moisture content in the range of 44%

Based on the above theoretical analysis
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to 65%. When the substrate moisture content was 44%-53%, the
seedling falling off rate rapidly decreased with the increase in
moisture content. When moisture content reached approximately
53%, this exhibited no obvious change. Therefore, the critical
range of moisture content was approximately 53%. The effect of
longitudinal picking seedling quantity in 9-17 mm on the seedling
falling off rate is shown in Figure 12c. The seedling falling off
rate initially decreases, and subsequently increases with the
increase in longitudinal picking seedling quantity. This reached
14 mm when the seedling falling off rate reached a limited value of
10%. When the longitudinal picking seedling quantity reached
14-15 mm, the trend of the seedling falling off rate was balanced.
As the longitudinal picking seedling quantity increasing above

a. Transporting process without seedling

b. Pushing position without seedling

15 mm, this rapidly increased. @Combined with the images
collected using the high speed camera, it was found that when the
substrate moisture content was 50%, the quality of picking seedling
exhibited a downward trend with the decrease in longitudinal
picking seedling quantity. When the longitudinal picking seedling
quantity was small, the substrate, which was irregular, dropped out
in the seedling transporting process, thereby greatly increasing the
seedling falling off rate. Thus, the longitudinal picking seedling
quantity at approximately 14 mm could be obtained as the critical
range of seedling falling off. The critical range of these three
groups of single factor tests were close to the theoretical results.
Consequently, the motion equation established in the present study
was correct.

d. Seedling block separates form needle

c. Transporting process before seedling

falling off falling off falling off before reaching pushing position
Figure 11 Diagram of high-speed photography test performance
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a. Seedling falling off rate with different planting

mechanism rotation speeds

b. Seedling falling off rate with different substrate

moisture contents

c. Seedling falling off rate with different
longitudinal picking seedling quantities

Figure 12

5 Parameter optimization of the planting process

The critical range of the planting mechanism rotation speed,
vertical picking seedling quantity and substrate moisture content
were determined using single factor tests. In order to obtain
accurate optimization parameters, response surface experiments
designed by Box-Behenken were conducted.

5.1 Experimental design

The value range selected for each factor was based on the
results from the single factor experiments. A series of
Box-Behenken design experiments was conducted to evaluate
seedling falling off rate as a function of independent variables,
namely, the planting mechanism rotation speed, longitudinal
picking seedling quantity, and substrate moisture content. The
factors and their levels are shown in Table 3. The measurement
method of the performance index is the same as that of the single
factor tests. A total of 17 group tests were conducted, and 200
planting processes were randomly selected in each group of
experiments.

Seedling falling off rate under different experimental factor

Table 3 Factors and levels of experiments

Substrate moisture  Planting mechanism  Longitudinal picking

Levels

content 4/% rotation speed B/rad's” seedling quantity C/mm
-1 50 22 13
0 55 24 15
1 60 26 17

5.2 Test results and analysis

Based on the design and results of the Box-Behenken tests
shown in Table 4, the Design Expert software was used to fit the
regression models of the seedling falling off rate. The regression
equations are listed in Table 5.

The p-value of the seedling falling off rate (Y) was less than
0.01.
confidence level. The p-value of lack of fit was greater than 0.05
(0.7040), indicating that the model had a high fitting degree. The
coefficients of determination (R*) exceeded 0.8, indicating that the

The regression model was extremely significant at a 95%

model of the seedling falling off rate (¥) fitted the experimental
results well.



94  September, 2019 Int J Agric & Biol Eng

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

Vol. 12 No.5

Table 4 Experimental scheme and results

Serials Sub_strate Planting mechanism _Lo_ngitudina_tl S_eedling
number moisture rotation sl?]eed plcklng seedling falling off rate

content A/% Blrad's quantity C/mm Y/%

1 50 26 15 28

2 50 24 17 20.5

3 55 24 15 6

4 55 24 15 5

5 55 26 17 19

6 55 24 15 4

7 55 26 13 22

8 60 22 15 6

9 50 24 13 26.5

10 60 24 17 13.5

11 55 22 13 7

12 55 24 15 4

13 60 26 15 16

14 50 22 15 12.5

15 55 24 15 6.5

16 55 22 17 8

17 60 24 13 12.5

Table 5 Variance analysis of the regression equation

Rate of seedling falling off

Source
Sun of squares Mean square  F-value P-Value
Models 1009.42 112.16 110 <0.0001***
A 195.03 195.03 191.27 <0.0001***
B 331.53 331.53 325.14 <0.0001***
C 6.12 6.12 6.01 0.044*
AB 7.56 7.56 7.42 0.0296*
AC 12.25 12.25 12.01 0.0105*
BC 4 4 3.92 0.0881
A 229.79 229.79 225.36 <0.0001***
B 41.45 41.45 40.65 0.0004***
e 139.82 139.82 137.12 <0.0001***
Lack of fit 1.94 0.65 0.5 0.7040
Pure Error 52 1.30
Total 1016.56

Note: *** shows a significant difference (p<0.001), * shows a difference
(9<0.05).

A multiple regression method was used to establish the
regression equation for the influencing factors. For Equation (13),
the effect of the primary items of 4 and B and the quadratic terms
of 4%, B, and C®on the seedling falling off rate was extremely
significant (p<0.001). The effect of the primary item C and the
interaction terms 4B and AC on the seedling falling off rate was
statistically significant (p<0.05).

Y=5.10-4.944+6.44B—0.88C—1.384B+1.754C-BC+
7.394%+3.14B*+5.76C* (13)

The mutual interaction effects on the seedling falling off rate
can be observed from the three-dimensional (3D) response surface
plots in Figure 13.
longitudinal picking seedling quantity and the substrate moisture
content on the rate of seedling falling off. When the longitudinal
picking seedling quantity was 15 mm, the rate of seedling falling
off initially decreased, and subsequently increased with the
increase in substrate moisture content. Furthermore, the seedling

Figure 13a shows the effects of the

falling off rate increased with the increase in rotation speed of the

planting mechanism, and the rising rate was accelerated with the
This was because the
ability of soil consolidation with the seedling root significantly
decreases when the moisture content of the substrate is low, and
massive substrates are scattered and dropped in the process of

decrease in substrate moisture content.

seedling transportation when the rotation speed of the planting
mechanism is high. As a result, plantlet instability occurs, and the
seedling falling off rate is increased.

52
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Note: The longitudinal picking seedling quantity is 15 mm.
a. Interaction effect between the planting mechanism rotation speed and substrate
moisture content on the seedling falling off rate
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Note: The planting mechanism rotation speed is 24 rad/s.
c. Interaction effect between longitudinal picking seedling quantity and substrate
moisture content on the seedling falling off rate
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Note: The substrate moisture content is 55%.
c. Interaction effect between longitudinal picking seedling quantity and planting
mechanism rotation speed on the seedling falling off rate
Figure 13 Interaction effects between factors on the seedling

falling off rate

Figure 13b reveals the effects of the longitudinal picking
seedling quantity and substrate moisture content on the rate of
seedling falling off. When the planting mechanism rotation speed
is 24 rad/s, the seedling falling off rate initially decreases, and
subsequently increases with the increase in longitudinal picking
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seedling quantity. Furthermore, with the decrease in substrate
moisture content, the increase rate of the seedling falling off rate is
accelerated. This was mainly because the reduction in
longitudinal picking seedling quantity lead to the poor effect of
picking seedlings, and the contact area of the incomplete substrate
with the seedling needle and push rod was reduced during seedling
transportation, resulting in a higher seedling falling off rate.

The effects of the longitudinal picking seedling quantity and
planting mechanism rotation speed on the rate of seedling falling
off are presented in Figure 13c. The seedling falling off rate
initially decreases, and subsequently increases as the longitudinal
picking seedling quantity increases, and decreases rapidly as the
rotation speed increases. This is mainly because when the
rotation speed of the planting mechanism is high, the impact action
of the seedling needle on the seedling block is enhanced.
Moreover, when the longitudinal picking seedling quantity is small,
the capacity of the seedling block to resist the impact action of the
seedling needle is weakened. Therefore, a better quality seedling
block could not be obtained, resulting in a higher seedling falling
off rate.

5.3 Optimization response and comparative test

The aim of the present study was to determine the optimal
parameters required to achieve better characteristics of planting
mechanism and rape blanket seedling. The optimization process
was conducted using Design Expert software, assigning constraints
‘in the range’ for independent variables, and ‘minimized’ for the
seedling falling off rate. The optimal conditions recommended by
the software were a substrate moisture content of 56.24%, a
planting mechanism rotation speed of 22.04 rad/s (adjusted to
22 rad/s), and a longitudinal picking seedling quantity of 14.91 mm
(adjusted to 15 mm). Under optimal conditions, a seedling falling
off rate of 1.36% was obtained. In order to verify the feasibility
of the optimization results, the comparative test adopted the same
method in the same place. The average value of the test was taken
five times. Finally, the seedling falling off rate was obtained as
1.52%, and the relative error from the predicted value was 0.16%.
The comparison of experimental and predicted results revealed that
these were relatively similar, indicating that the models were highly
reliable.

6 Conclusions

(1) In the working process of planting mechanism, rape blanket
seedlings are transported under the control of seedling needle. In
the middle of the transporting, when seedling blocks appear to be
separated from the seedling needle and drop, the posture of
seedling blocks are unstable extremely after falling on the soil,
which produces serious dumping problems. Thus, a method to
solve the problem of seedling falling off by establishing a dynamic
model of seedling in the transporting process was proposed, which
provided the foundation for improving the quality of rape blanket
seedling transplanting.

(2) The parameters affecting contact force between seedling
needle and rape blanket seedling substrate were as follows: normal
adhesion force, shear adhesion force and friction coefficient. The
physical characteristic experimental results showed that all of them
had parabola distribution with the moisture content of substrate.

(3) The critical falling off equations of seedling was
established. The main factors affecting seedling falling off were
substrate moisture content, longitudinal picking seedling quantity
and planting mechanism rotation speed. Under the control of two
factors, the critical falling off value of the other factor was

calculated by using the critical falling off equations. Taking
seedling falling off rate as evaluation index, the single factor tests
was carried out by high speed photography. The seedling falling
off rate increased obviously near the critical value calculated by
theoretical calculation. It was verified that the critical falling off
equations were correct.

(4) The Box-Benhnken central composite experimental design
principle was adopted with three levels and three factors. Under
optimal conditions, the substrate moisture content was 56.24%, the
planting mechanism rotation speed was 22.04 rad/s, and the
longitudinal picking seedling quantity was 1491 mm. A
verification test was carried out with the above optimized
parameters, and the seedling falling off rate was 1.52%. The
relative error of the evaluation index and theoretical optimization
value was only 0.16%.

Acknowledgements

The authors acknowledge that this research was financially
supported by the National Natural Science Foundation of China
(51575284), the National Key Research and Development Program
of China (2017YFD0700804), and Funds for Modern Agricultural
Industry Technology System Construction of China (CARS-13).

[References]

[11 LiXY,ZuoQS, Chang HB, Bai G P, Kuai J, Zhou G S. Higher density
planting benefits mechanical harvesting of rapeseed in the Yangtze River
Basin of China. Field Crops Research, 2018; 218: 97-105.

[2] Forleo M B, Palmieri N, Suardi A, Coaloa D. The eco-efficiency of
rapeseed and sunflower cultivation in Italy. Joining environmental and
economic assessment.  Journal of Cleaner Production, 2018; 172:
3138-3153.

[3] Qiong H, Wei H, Yan Y, Xue K Z, Li J L, Jia Q S, et al. Rapeseed
research and production in China. The Crop Journal, 2017; 5(2):
127-135.

[4] Fu D H, Jiang L Y, Annaliese S M, Xiao M L, Zhu L R, Li L Z, et al.
Research progress and strategies for multifunctional rapeseed: A case study
of China. Journal of Integrative Agriculture, 2016; 15(8): 1673—-1684.

[5] Kusek G, Ozturk H H, Akdemir S. An assessment of energy use of
different cultivation methods for sustainable rapeseed production. Journal
of Cleaner Production, 2016; 112: 2772-2783.

[6] Li L H, Wang C, Zhang X Y, Sarker K K. Mechanized cultivation
technology of seedling-growing bowl tray made of paddy-straw and its
effects on rice production. International Agricultural Engineering Journal,
2015; 24(3): 97-103.

[77 GuXB,LiYN, Huang P, DuY D, Fang H. Effects of planting patterns
and nitrogen application rates on yield, water and nitrogen use efficiencies
of winter oilseed rape (Brassica napus L.). Transactions of the CSAE,
2018; 34(10): 113-123. (in Chinese)

[8] LiuZY,SunlJ, Chen C,HuJK. A Design of the Drilling Mechanism for
rape transplanter. Journal of Jiaxing University, 2017; 29(6): 89-93. (in
Chinese)

[9] Liao Q X, Hu X P, Zhang Z, Liu M F. Analysis on detaching process of
detaching device and seedling pot integrity about rape transplanter.
Transactions of the CSAE, 2015; 31(16): 22-29. (in Chinese)

[10] Jin X, Li D Y, Ma H, Ji J T, Zhao K X, Pang J. Development of single
row automatic transplanting device for potted vegetable seedlings. Int J
Agric & Biol Eng, 2018; 11(3): 67-75.

[11] Satpathy S K, Garg I K. Effect of selected parameters on the performance
of a semi-automatic vegetable transplanter. Ama Agricultural
Mechanization in Asia Africa & Latin America, 2008; 39(2): 47-51.

[12] Wang Y W, He Z L, Wang J, Wu C Y, Yu G H, Tang Y H. Experiment
on transplanting performance of automatic vegetable pot seedling
transplanter for dry land. Transactions of the CSAE, 2018; 34(3): 19-25.
(in Chinese)

[13] Kumar G V P, Raheman H. Automatic feeding mechanism of a vegetable
transplanter. IntJ Agric & Biol Eng, 2012; 5(2): 20-27.

[14] Guo L S, Zhang W J. Kinematic analysis of a rice transplanting
mechanism with eccentric planetary gear trains. Mechanism & Machine



96

September, 2019 Int J Agric & Biol Eng

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

Vol. 12 No.5

[15]

[16]

[17]

(18]

(19]

(20]

(21]

(22]

(23]

Theory, 2001; 36(11): 1175-1188.

YeBL,YIWM, YuGH, Gao Y, Zhao X. Optimization design and test
of rice plug seedling transplanting mechanism of planetary gear train with
incomplete eccentric circular gear and non-circular gears. Int J Agric &
Biol Eng, 2017; 10(6): 43-55.

Xin L, Lv Z J, Wang W Q, Zhou M L, Zhao Y. Optimal design and
development of a double-crank potted rice seedling transplanting
mechanism. Transactions of the ASABE, 2017; 60(1): 31-40.

JiJT,Jin X, Du X W, He Z T, Zhao Z H.  Motion trajectory analysis and
performance test of up-film punch transplanting mechanism.
International Agricultural Engineering Journal, 2015; 24(2): 30-38.

Wu C Y, Wu J, Zhang M, Tang Q. Research on machine transplanting
techniques of blanket rapeseed.  Journal of Chinese Agricultural
Mechanization, 2016; 37(12): 6-10. (in Chinese)

Wu J, Tang Q, Yuan W S, Wang S F, Wu C Y. Design and parameter
optimization of ditching and compacting parts of rapeseed carpet seedling
transplanter. Transactions of the CSAE, 2016; 32(21): 46-53. (in Chinese)
Wang S F. Research on mechanism and parameter optimization of
rapeseed mat seedling cutting and transplantation. MS dissertation.
Beijing: Chinese Academy of Agricultural Sciences, 2016. (in Chinese)

Jin X, JiJ T, Liu W X, He Y K, Du X W. Structural optimization of
duckbilled transplanter based on dynamic model of pot seedling movement.
Transactions of the CSAE, 2018; 34(9): 58—67. (in Chinese)

Liu J D, Cao W B, Tian D Y, Ouyang Y N, Zhao H Z. Optimization
experiment of transplanting actuator parameters based on mechanical
property of seedling pot. Transactions of the CSAE, 2016; 32(16): 32-39.
(in Chinese)

Qian D H, Zhang J X. A summary of study of adhesion and friction

between soil and metals. Transactions of the CSAM, 1984; 1: 69-78.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

311

[32]

Chen J N, Xia X D, Wang Y, Yan J J, Zhang P H. Motion differential
equations of seedling in duckbilled planting nozzle and its application
experiment. Transactions of the CSAE, 2015; 31(3): 31-39. (in Chinese)
LiuJ D, Cao W B, Tian D Y, Tang H'Y, Zhao H Z. Kinematic analysis
and experiment of planetary five-bar planting mechanism for zero-speed
transplanting on mulch film. IntJ Agric & Biol Eng, 2016; 9(4): 84-91.
Zhang G F, Zhao Y, Chen J N. Characteristic analysis of rice
plotted-seedling’s motion in air and on turbination-type guide-canal.
Journal of Zhejiang University (Engineering Science), 2009; 43(3):
529-534. (in Chinese)

Liu H L, Zhang W. Study on trajectory path and landing form of corn
planting seedling. Journal of Heilongjiang Bayi Agricultural University,
2016; 28(3): 124-128. (in Chinese)

Kumar G V P, Raheman H. Development of a walk-behind type hand
tractor powered vegetable transplanter for paper pot seedlings.
Biosystems Engineering, 2011; 110(2): 189-197.

Dai L, Sun L, Zhao X, Zhao Y. Parameters optimization of
separating-planting mechanism in transplanter based on kinematics
objective function. Transactions of the CSAE, 2014; 30(3): 35-42. (in
Chinese)

Jin X, Pang J, JiJ T, Du X W, He Z T, Wang S G. Experiment and
simulation analysis on high-speed up-film transplanting mechanism.
International Agricultural Engineering Journal, 2017; 26(3): 105-112.

Li X Q, Ma L, Xiong S, Jin X, Geng L X, Ji J T. High-speed camera
analysis of seed corn ear bare hand threshing. International Agricultural
Engineering Journal, 2017; 26(1): 60-67.

Wang J W, Tang H, Wang J F, Jiang D X, Li X. Measurement and
analysis of restitution coefficient between maize seed and soil based on
high-speed photography. IntJ Agric & Biol Eng, 2017; 10(3): 102-114.




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

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


