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Parameter simulation design and experiment of crossing device
of covering soil on film

LI Di, SUN Wei, SHI Lin-rong, ZHANG Hua, LIU Xiao-long, WU Jian-min
( College of Engineering, Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: The mechanical device of covering soil on film with scraper lifting chain was designed to solve the prob-
lems including such as wind damage susceptible, burning seedlings, stemming emergence, which caused by the poor cov-
ering soil quality of device in whole plastic-film mulching planting pattern. In order to improve the working performance
of covering soil mechanism, the entity model of this device was constructed. Using discrete element method to simulate
experiment, combined with the experimental design principle of Box — Behnken, and applying response surface methodol-
ogy with three factors and three levels, the quadratic regression models about width of covering soil and the qualified rate
of covering soil thickness were built using Design — Expert software. Through analyzing the influence of factor’s interac-
tion on experimental aim, the best combination of parameters are proposed as follows: the ratio of chain speed and operat-
ing speed, 1.38; the height of dumping soil, 200 mm; and the width of dumping soil, 120 mm. Field experiment
showed that the width of covering soil and the qualified rate of covering soil thickness simulated by discrete element
method were close to the average value of repeated test, and it meet the agronomic requirement, thus providing theoretical
basis for the design and improvement of the covering soil device.
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Fig.2  Structure diagram of crossing covering soil

device and physical photo
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Fig.5 Schematic diagram of soil separating device
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Table 1 Material mechanical properties
FRIZ L Material parameters
M N By I
Material Poisson Shear modulus Density
ratio /MPa /(kg'm™%)
3 Soil 0.30 100 2680
M Steel 0.28 3.5x 10* 7850
i Plastic film 0.49 6.1 1000
A S 4L Contact parameters
R A WERH WA EERK
Impact form Recovery Static friction  Dynamic friction
coefficient coefficient coefficient
i - LR 0.3 0.5 0.3
Particle — particle
WOkL — 8
Particle — soil slipping 0.3 0.3 0.2
groove
Wik —
AL - SR 0.3 0.42 0.34

Particle — plasticfilm
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Fig.6  Procedure of covering soil on film
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Table 2 Codes of factors and levels

KF- K& Factors
Levels ; L b
-1 1.38 190 100
0 — 200 110
1 2.56 210 120

x3 REARRHEKLBRER

Table 3 Test scheme and simulation results

I

Test number h b B Fy
1 1 1 0 264.56 90.7
2 1 0 -1 254.34 93.2
3 0 -1 -1 259.43 85.9
4 1 0 1 268.45 94.8
5 0 1 -1 276.53 84.7
6 1 -1 0 251.65 91.8
7 0 0 0 268.34 89.5
8 0 0 0 269.68 92.3
9 0 1 1 284.54 91.3
10 0 0 0 273.35 92.0
11 -1 0 1 274.63 89.1
12 0 -1 1 271.32 91.8
13 -1 0 -1 251.54 85.9
14 -1 1 0 264.35 86.4
15 -1 -1 0 257.98 83.8
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Table 4  Variance analysis of covering soil width

75 SR EaA BHE U5
Variation Sum of  Degrees Mean F P
source square  of freedom  square
e 6
ISR 1232.61 9 136.96 10.21 <0.0001
Model
5% 7 Residue 67.04 5 13.41
KA 53.58 3 17.86 2.66 0.2854
Lack of fit
Gl
BhAE 13.45 2 6.73
Pure error
S B4
PR A 1299.65 14

Corrected total

RS5 BIBEGHEE(F)TESN

Table 5 Variance analysis of qualified rate of

covering soil thickness

A SR Y FOrA BWE 5
Variation Sum of  Degrees Mean F P
source square  of freedom  square

) s
Al 152.64 9 16.96 6.50 0.0265
Model
#R 7% Residue 13.05 5 2.6l
AT
Tack of fit 8.33 3 2.78 1.17 0.4905
Jifi
HRE 473 2 2.36
Pure error

ST R
BLERA 165.70 14

Corrected total
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