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1. Mounting plate of cylinder 2. Cylinder 3. Rotating motor 4. Baseplate
5. Jacking bar 6. Steel needle
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Fig.1 Structure diagram of jacking tray-seedling mechanism
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Fig.2 Failure phenomenon of jacking tray-seedling
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1. Particle surface 2. Tray cell 3. Virtual ground 4. Steel needle
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Fig.3 Simplified model of tray cell mechanism
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Fig.4 Particle models of componentsin seedling substrate
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Tablel Discrete element method simulation parameters

4 Parameters $d Value
Ye B KA L Poisson’sratio of peat 0.4
Je R 8 A5 Shear modulus of peat/Pa 1X10°
YA & Density of peat/(kg-m™) 75X 107
AL PR ITRS I FA HE Poisson’s ratio of tray cell 0.42

JAEH TR I BT U] Shear modulus of tray cell/Pa 1.06 X 10°
AL B TERS 55 1 Density of tray cell/(kg-m™) 1.9x10°

XA A L Poisson’s ratio of steel needle 0.3
HXET BT E A58 Shear modulus of steel needle/Pa 7x10%
HA%t % B Density of steel needle/(kg-m™) 7.8x10°
BERE AR L Poisson’sratio of perlite 0.25

BERA 8] & Shear modulus of perlite/Pa 1x107
B RRE % ¥ Density of perlite/(kg-m™) 2.3x10°

K Bz 193 #A b Poisson’s ratio of corn husk 0.2

Tk B (BT Shear modulus of corn husk /Pa 1.6x10°
Tk i B Density of corn husk /(kg-m™) 2X 10
i 7 IE ¥ Gravity acceleration/(m-s?) 9.81
15 H 5K Time stepls 1x10°
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Table2 Factorslevelscoding

K& Factor
KF A ELR B T e 3o 3
Level Diameter of steel Length of steel Jacking speed
needle Xy/mm Needle X,/mm Xg(m-s™)
-1 1 5 0.04
0 2 10 0.08
3 15 0.12
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1. Sensor 2. Digital display instrument 3. Velocity-measuring system 4. High-
speed camera
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Fig.5 Experiment platform of jacking tray-seedling mechanism
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Table3 Results of simulation and experiment

[X % Factors IE=RCON - R A- NS
o) Maximum jacking Maximum jacking
No.  X/mm  Xfmm  Xgf(ms? height of height of

simulation Y1/mm expen ment YZ/mm

1 1 10 0.04 147.1 149.1
2 2 5 0.04 82.8 79.3
3 3 10 0.04 85.9 80.5
4 2 10 0.08 143 144
5 3 10 0.12 163.1 167.1
6 1 5 0.08 140.8 1375
7 2 10 0.08 144.1 147.1
8 1 10 0.12 144.4 146.4
9 2 15 0.04 144.6 146.4
10 2 10 0.08 144.1 147.2
11 2 10 0.08 144.1 146.8
12 2 10 0.08 144.1 147.2
13 3 5 0.08 85 80
14 3 15 0.08 81.6 76.5
15 1 15 0.08 145.2 148.2
16 2 15 0.12 158.6 146.5
17 2 5 0.12 134 125

.

a T A A 2 b, THEE M H H 2
a. Dropped seedling substrate b. Crooked seedling substrate

6 47ATTARESRKNE
Fig.6 Failure phenomenon of jacking tray-seedling in simulation
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Table4 Variance anaysis of regression model of maximum
jacking height

ey Rl R %175 8K
K FfH e
Sum of Degree of Mean Significant
Source Fvalue
squares freedom square level P
1% Model 10 846.14 9 120513 5.41 0.0184
X1 3481.95 1 3481.95 15.62 0.0055
X2 933.12 1 933.12 4.19 0.080 0
X3 2234.46 1 2234.46 10.02 0.0158
X1- X 1.96 1 196 8791E-003 0.9279
X1 X3 1596.00 1 1596.00 7.16 0.0317
X2 X3 243.36 1 243.36 1.09 0.546 7
Xf 468.86 1 468.86 1.67 0.3309
X3 1334.44 1 1334.44 5.99 0.044 3
X% 123.80 1 123.80 0.56 0.4804
Residual 1 560.60 7 222.94
RII — ag 43 3 23843 107 0.0534
Lack of fit
V2 0.97 4 0.24
Error
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a. Relationship between steel needle diameter and maximum jacking height
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c. Response surface between jacking speed, needle diameter
and maximum jacking height in experiment
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d. Response surface between jacking speed, needle diameter

and maximum jacking height in simulation

B a P EHCEE 10 mm TR I#E 0.08 mi's; [ b F4NEHKE 10 mm, 40
HEAZ2mm; B e dPEEHKEE 10 mm.
Note: In fig. a needle length is 10 mm, jacking speed is 0.08 mmV/s; In fig. b,
needle length is 10 mm, needle diameter is 2 mm; In fig. ¢ and fig. d, needle
lengthis 10 mm.
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Fig.7 Relation diagram between remarkable factors and
maximum jacking height
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Fig.8 Jacking effect after parameter optimization
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Verification for EDEM simulation of process of jacking tray-seedling by
steel needlein grafting machine and parameter optimization

Gao Guohua, Wang Kai, Sun Xiaona
(College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: The jacking mechanism of ZGM-7 automatic tray-seedling grafting machine developed by our research group has
failure problems in the process of jacking seedling by needle. For solving those failure problems, the software EDEM
(enhanced discrete/distinct element method) is used in the research of the process of jacking seedling by needle in this paper.
The Edinburgh €elastic-plastic cohesion model (ECM) is chosen as particle contact model and a variety of complex particle
models with various material properties are established to simulate the realistic seedling substrate in the software EDEM.
Furthermore, the relationship between the mechanism and the seedling substrate is studied in simulation. It takes the maximum
jacking height of the bottom of seedling substrate as index parameter and analyzes the principles how the different factors,
including needle diameter, needle length and jacking speed, influence the process of jacking seedling by needle. The
simulation and experimental tests are designed and performed by response surface methodology. The actual experimental
result is consistent with the simulation result. The both results show that needle diameter and jacking speed have a significant
influence on the maximum jacking height of the bottom of seedling substrate, and the interaction between needle diameter and
jacking speed is significant. The maximum jacking height of the bottom of seedling substrate increases monotonically and then
slowly decreases monotonically with the increasing of needle diameter in the test level. The maximum jacking height of the
bottom of seedling substrate increases monotonically with the increasing of jacking speed in the test level. The maximum
jacking height of the bottom of seedling substrate increases with the increasing of jacking speed, when the needle diameter is
large. The maximum jacking height of the bottom of seedling substrate decreases with the increasing of the needle diameter,
when the jacking speed is small. The maximum jacking height of the bottom of seedling substrate gradually increases and then
decreases with the increasing of the diameter of steel needle, when the jacking speed is large. The error between simulation
and experiment result is only 0.7%-7.2%. Among those errors, larger errors only exist in phenomenon of dropping and
crooking seedling substrate. The realistic seedling substrate has aroot system, which prevents the insertion of needle. Thus, the
seedling substrate is easier to be dropped and crooked early. However, the error when vertically jacking seedling substrate is
less than 2.1% in simulation and experiment. The successful maximum jacking height of the bottom of seedling substrate is
144 mm, which is proposed as the optimization target. The software Design-Expert is used to optimize the smulation results
within test level. The optimal parameters of the simulation result are needle diameter of 2.28 mm, needle length of 12.28 mm
and jacking speed of 0.09 mm/s. The simulation optimization parameters are applied to the actual mechanism. It’'s found that
the effect of simulation optimization is significant and the success rate of jacking seedlings is 95.3%. This study greatly
improves the operation effect of jacking mechanism of ZGM-7 automatic plug-seedling grafting machine, and it provides
reference for the similar problems like jacking up the discrete matrix by needle. Meantime, the reliability of simulation results
has been proved in this paper. So, the experimental results can be replaced by simulation results, which will reduce actual test
workload significantly and shorten the equipment development cycle obviously. The method in this paper achieves a good
simulation effect, which can be applied to other similar complicated environments.

Keywords. agricultural machinery; grafting; optimization; enhanced discrete element method; seedling; needle; jacking;
response surface methodology



