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Finite Element Simulation and Analysis on Soil Rotary Tillage
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Abstract

A method of compacted soil rotary tilling with variant frequency vibrationis proposed. The tea garden
soil physical parameters was measured with soil triaxial test referring to the MAT147 soil model from LS —
DYNA material library, then a soil constitutive model of the southern hills’ harden soils and the finite
element numerical simulation model for soil vibratory rotary cutting process were built. Through 3-D
numerical simulation and analysis, the influence rules on soil cutting resistance caused by many factors of
external vibration excitation such as amplitude, frequency and vibration model were studied, and the
optimal vibration operation parameters conducive to soil cutting resistance reducing was deduced and
confirmed. The results show that the finite element method SPH is effective for large strain and high strain
rate numerical simulation of compacted soil rotary cutting, and choosing appropriate vibration frequency,
amplitude and vibration types of vibration excitation can reduce tillage mechanism power and improve
working efficiency.
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Fig.1 Schematic diagram for extra vibration exciting
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Fig.3  First model shape of JF — 168 small agricultural

machinery and rotary blade
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Tab.1 The first 6 modes of rotary blade

[N 14 & A 45 %/ Hz FHLJE E/ %
1 144. 568 4.78
2 378. 787 1. 80
3 478. 183 2.98
4 664. 001 0.77
5 712.014 0.48
6 824. 446 1.64
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Tab.2 Physical parameters of red soil in tea

garden by test

S8 HfH S8 HfH
BRE /gm0 2.35 K88 J1/kPa 9.5
KB/ g+ cm 1.57 B0 8 3 Ji / kPa 35
K % 11.72 || Btk gE & /kPa 85 700
LB/ % 33.2 THIALE 0.38
WEEREf/(°) 23.6 YY) B /kPa 31050
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Fig.4 Effective stress path curve for testing soil sample
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Fig.5 Finite element model for rotary blade cutting soil
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Tab.3 Vibration cutting simulation results at

amplitude 10 mm

Y RsbE fRshkW F,/kN F,/kN T,/N-m
1 24.0 1E 5% 0. 467 0.673 25.79
2 24.0 ST % 0.412 0. 791 24.53
3 24.0 =AM 0.354 0.753 25.57
4 32.0 TETZ P 0.383 0. 642 22.87
5 32.0 HEIE I 0.367 0.761 23.65
6 32.0 =k 0.391 0.716 24. 54
7 40.0 1E 5% 0.322 0. 632 21.62
8 40.0 HETE P 0.378 0.706 22.46
9 40.0 =Mk 0.390 0. 694 24.73
10 48.0 E5Z % 0.381 0. 665 22.87
11 48.0 HIE I 0. 305 0. 867 24.70
12 48.0 Yk 0.413 0.761 25.52
13 0.421 0. 746 31.53

28 ~— R
g 26 —=— IE5Z
Z 24 —— Ak
&
E - L 1 1
20 30 40 50
Wi Hz

—— HER
—=— %
—— =K

K5 kN

20 25 30 35 40 45 50

B /Hz
[ 6 iy 10 mm I 4 3l U1 H (7 245 R
Fig. 6 Vibration cutting simulation results at

amplitude 10 mm
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Tab.4 Vibration cutting simulation results for

different amplitudes

?% yﬁmg/mm FW/kN FX/kN TP/N-m
1 2 0.354 0.586 26. 44
2 6 0.370 0. 602 24.53
3 10 0. 348 0. 632 21.62
4 12 0.377 0.752 21.16
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Fig.7 Torque and forward resistance of vibration

cutting for different amplitudes
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