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Surface Optimization of Ship Type Ditching System Based on
Differential Geometry and EDEM Simulation

LIU Xiaopeng'”® ZHANG Qingsong’* LIU Lichao™* WEI Guoliang* XIAO Wenli>* LIAO Qingxi’*
(1. College of Animal Science and Nutritional Engineering, Wuhan Polytechnic University, Wuhan 430023, China
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3. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
4. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Considering the soil in Mid-lower Yangtze River is sticky and its moisture content fluctuates
greatly, the furrow should be ditched while rapeseed planting. Due to the lack of theoretical basis for the
design of resistance reduction of plow surface, the research on soil contract surface optimization of ship
type ditching system was carried out by using the method of differential geometry analysis and EDEM
simulation. According to the traction resistance analysis and surface parameter analysis of the main
contact surface (front plow surface, shaping surface) , the main structural parameters range of the contact
surface was determined. Based on the theory of differential geometry, the differential geometric expression
which can quantitatively describe the spatial shape change of plow surface with straight, parabolic and
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exponential curves was established. The simulation results of traction resistance characteristics indicated
that the parabolic type plows had better resistance reduction characteristics when the operating velocity
was 0.9 ~ 1.5 m/s. And its resistance were reduced by 15.09% , 16.92% and 32.59% , 31.58%
respectively compared with the linear type plows and exponential type plows. The intrinsic geometric
parameters £, L and M can respectively reflect the growth rate of traction resistance with speed, the
magnitude of traction resistance, and the fluctuation degree of traction resistance with speed. The
parameter optimization results indicated that when the operating velocity was 1.2 m/s, the width of
ditching plow w was 92 mm and maximum element angle @, was 66°, the minimum traction resistance
was 1 042. 52 N. Field experiment indicated that the average traction resistance of the combined ship-type
ditching system optimized by parameters were 956. 77 N, 1 101.33 N and 1 564.85 N, and the error
between the system and the simulation test results was less than 7% , and the operation effect met the
agronomic requirements of rapeseed planting. The research conclusion had great theoretical value and
practical significance to the resistance reduction design of plow which formed by horizontal straight line
principle.

Key words; ditching device; soil contact surface ; structural optimization ; differential geometry ; intrinsic
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Tab.2 Calculated results for intrinsic geometrical quantity of surface with different guide curves
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Tab.3 Critical stress checking of soil particles
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Fig.6 Variation trends of traction resistance and E, L and M
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Tab.4 Experimental factors and levels

. EES
Gty — — ———
FFREWATELTE I w/mm  HROTE S @,/ (°)
-1.682 80 64.0
-1 88 65.2
0 100 67.0
1 112 68. 8
1. 682 120 70.0

3.3.1 RELRE
WL R S 20 s B 5 .6 Fin,
x5 RBRAIRELER

Tab.5 Design and results of experiments

R - iﬂ;iﬁ\lﬂ?g — MAEGIFH
e FERERTRLEE BT A FN
w/mm @b /(%)

1 112 68.8 1 185. 68
2 112 65.2 1119.14
3 88 68.8 1 200. 85
4 88 65.2 1044.99
5 80 67.0 1108.92
6 120 67.0 1138.57
7 100 64.0 1189.12
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9 100 67.0 1 048. 90
10 100 67.0 1 048.90
11 100 67.0 1 048. 90
12 100 67.0 1 048.90
13 100 67.0 1 048. 90
14 100 67.0 1 048. 90
15 100 67.0 1 048.90
16 100 67.0 1 048. 90

x6 AENWER

Tab.6 Results of variance analysis
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Tab.7 Analysis and results of field experiments

Pealh s/ FH i) 00X PrE

(m-s™") IR F1/N BHJ3/N faadd
0.9 956.77 903. 48 5.57
1.2 1101.33 1042.52 5.34
1.5 1564. 85 1 467. 36 6.23
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