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Design and Test of Crushing Bionic Soil Covering Device of Soybean Seeder
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Abstract; Inspired by the efficient mining of soil function of the oriental mole cricket claws, crushing soil
covering device was put forward to improve the performance of the broken soil. The toe claws of the
oriental mole cricket forefoot and toe high angle, toe distance and lateral wedge angle were measured, on
the basis of this, the bionic soil crushing disc was designed. The crushing type bionic soil covering device
consisted of discs of big and small, bending flange, fixed frame, rotating pair, damping spring and
suspension frame. The covering soil device was designed for double row seed groove, which can be used
to cover the soil of two sides of soybean grooves. Ansys and Ls-Dyna softwares were used to simulate and
analyze the designed components. Through the simulation analysis of the crushing bionic soil covering
device, the soil broken process was simulated actually and intuitively. The cutting force and equivalent
stress distribution of soil and lateral displacement of soil were obtained. Through the analysis of
equivalent stress of broken soil, the equivalent stress was greater than the shear strength of the dry soil
which ensured the broken effect on the dry soil. Field test results showed that the crushing bionic soil
covering device completed the function requirements of soil covering, and had strong soil fragmentation
and the crushing rate was 92.2% , the average thickness of covering soil was 2.4 cm, and the average
seed spacing was 10. 1 cm.
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Fig.1 Number of oriental mole cricket propodium
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Tab.1 Structural parameters of oriental mole

cricket propodium

JilWsaa= KJEZ/mm Je /s (°) Bk 7] B/ mm

1 2.2+0.2 35+3
2.2+0.1

2 1.7 0.1 38 +4
1+0.1

3 1.5+0.2 34 £4
2.2+0.1

4 1.6 +0.2 37 +4
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Fig.2  Structural parameters diagram of oriental mole

cricket propodium
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Fig.4 Structure diagram of bionic soil disc
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Fig.5 Schematic diagram of force acting on bionic soil disc
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Fig.6 Schematic diagram of force acting on bionic broken
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Fig.7 Simulation crushing soil effect diagram of

crushing bionic soil covering device
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Fig.8 Changing curves of force of vertical earth surface of

broken soil disc
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Fig. 10 Changing curves of transverse displacement

of seeds in Y axis
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Tab.2 Measurement result of soil moisture content
%

W/ cm 1 2 3 4 5 6
10 11.87 12. 14 11.93 11.62 11.59 12.25
20 15.13 16. 10 15.01 15.47 16. 07 16.22
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Tab.3 Measurement result of soil firmness kPa

€5 W A1 W A 2 Wik 453
1 132 127 141
2 119 116 124
3 125 131 122
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Tab.4 Measurement result of soil bulk density

% EHEFUR /g WA em®  ABEE/ (grem )

1 123. 44 100 1.234
2 114.90 100 1. 149
3 120.13 100 1.201
4 124.03 100 1.240
5 118.79 100 1.188
3 1.202
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Soil performance test of crushing bionic soil

covering device
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Fig. 12 Comparison test between crushing bionic soil

covering device and double disc type soil covering

device (without farmflex)
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Fig. 13 Comparison test between crushing bionic soil

covering device and double disc type soil covering

device (with farmflex)
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Tab.5 Soil breaking rate between crushing bionic soil
covering device and double disc type soil covering device
%

45 TH

1 2 3 4 5 6 18
IR 355 5K 75.1 78.0 73.5 78.6 84.1 70.8 76.7
Wi iE 92,1 95.4 97.1 84.8 89.2 94.6 92.2
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Fig. 14 Index detection of seed position
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Tab.6 Seed depth and row spacing detection of crushing

bionic soil covering device and double disc type soil coverer
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3.5 11.0 7.0 4.0
1.8 9.5 4.0 15.5
2.5 11.5 8.5 13.5
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