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Design and simulation research on the potato bionic digging shovel

SHI Lin-rong, SUN Wei, WANG Di, ZHAO Wu-yun, LIU Quan-wei, ZHANG Hua, WU Jian-ming
( College of Engineering , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: In order to provide a digging shovel with higher efficiency of drag reduction, a shovel was designed out

for potato digger according to the stereomicroscope photo about first claw toe of Gryllotalpa hind tibia. The contour point

of claw toe outward curve and inward curve were obtained using AutoCAD software, point coordinate values were leading-

out by the commands of LIST. The claw toe contour was fitted with the help of Excel software. The model of bionic shovel

was established by the Solidworks software. The process of cutting soil with ordinary shovel and bionic shovel were simu-

lated by the Ls — Dyna software and measured the soil resistance for these two shovels. The simulation results showed that

soil resistance was reduced approximately 61% by the bionic shovel compared with the normal shovel. The design can be

supplied a solution thinking for the drag reduction technical requirements of the potato digger with a novel structure.
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Table 1  Coordinate values of contour data
LY PR R £& B0 55, Inside contour data
Coordinate 1 2 3 5 6 7 8
x 5.1967 7.7576 11.5926 21.3417 31.0468 42.3849 54.7951
y 49.3204 52.699 57.8614 69.8569 77.9448 83.6733 87.8005
ARAR AT BH £& B30 55, Tnside contour data
Coordinate 9 10 11 13 14 15 16
x 67.8319 82.3867 96.9134 110.0127 121.331 128.7179 132.3008 96.9134
y 91.3251 94.4617 97.7308 99.8684 99.927 99.9555 97.7308
AR HMI R & Outside contour data
Coordinate 1 2 3 5 6 7 8
x 33.7675 36.6425 41.9568 55.6805 63.1309 70.9551 79.0440
y 19.9378 22.4081 26.9742 43.3064 51.2997 59.4461 66.3783
AR HMI 52 & Outside contour data
Coordinate 9 10 11 13 14 15 16
x 88.2022 97.5983 107.3011 116.3335 124.287 129.7494 132.1949 88.2022
y 71.5261 76.3139 78.9244 85.8077 88.5618 89.7948 71.5261
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Fig.4  Curve fitting of contour-tracing point
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Table 2 Physical parameters of soil samples

TR K KR LAV YRR P A AR X%

Soil density Water density Water content Bulk modulus Shear modulus Angle of internal The specific

/(kg'm™?) /(kg'm™3) /% /Pa friction /(°) density
2100 1000 12.8 6.57 x 10° 2.10x 10° 21 2.1
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Fig.7  Simulation model for the bionic shovel cutting soil
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Fig.8 Simulation process of 0.1918 s bionic shovel cutting soil
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