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Abstract

The process of wheel compacted soil was simulated by using DEM. The results showed that after the
compaction, soil hardness of different depths increased and changed obviously with depth. With the
frequency increased, soil particle’ s contact force increased and longitudinal influence domain deepened.
When wheel passed in the first three times, the increasing trend of soil’ s hardness was obvious. When
wheel passed more than three times, the soil’ s hardness also increased. But the increasing was not
obvious. When the layer deep was 15 ¢cm, the hardness of compacted soil would increase by 155.2%
when compared with the soil without compaction, the soil compacted six times would only increase by

22.9% when compared with the one compacted three times.
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Tab.1 Parameters of DEM model of soil
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Fig. 1 DEM simulation of wheel soil compaction
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Fig.2 DEM simulation of soil hardness test
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Fig.3 Simulation and experimental results for soil hardness
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Fig.4 Curves of penetration depth and soil hardness
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Fig.5 Soil hardness with different depths and

compaction times
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Fig.6  Soil stress distribution under wheel compaction
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Fig.7 Soil’s stress and contact force under wheel compaction

(a) BRI LN )
(¢) L2 R EHEM 5
(e) HESE 1 U4 s dic ik )y

(b) JESE 1R LR Ty
(d) PR 5E h Hesk fih )y
(f) JE5E2 A e s

3 i

(1) B2 S A P R S Al 2 AT, Bl R P38 A8 10 4%
17 Hs 52 i 19 S A vy, LR A T A % R AOR £
g PR

(2) WA 3 SR A 3 2, A A2 IR+
SRR GO, R AT 3 YCE A, - R s #
R 3 YOS LA B B A G (R R AR A
Wl o JEGN 1S em W, RS2 3 YRRy 35 A A L
B SEIEN T 155.2% , T He 52 6 UK B 52 3 IR AX
BT 22.9% ,

(3) Wl 38 e SR MO 2, A+ 30K 12 fit 7
SN NG A CRE 9RO SR T IR IR ARV
0.21 m, 55 2 WK SR MR L O 0. 32 m, 55 3 K 5%
SEMATRIE N 0. 41 m, 58 4 WESSEMTREE N 0.43 m,

(THE3B @)



338 & HLOM o 4R 20124
& £ x Wt

U SRFFI AR IR PR S, 5F . Hlas AR A0 ik [T]. Hlas A ,2002,24(2) ;188 ~ 192,
Zhang Xiuli, Zheng Haojun, Chen Ken, et al. Research on robotic bionics [ J]. Robot, 2002,24 (2).188 ~ 192. (in
Chinese)

2 EUMING L R R S D ENLAR B PLIT ST [T 0 /R I TR R4 4, 2005,2(5) 191 ~ 195.
Wang Liquan, Sun Lei, Chen Dongliang, et al. A bionic crab like robot prototype [ J]. Journal of Harbin Engineering
University, 2005,2(5) :191 ~195. (in Chinese)

3 EM. 05U S AT LB AT B RS [ D ] g R 3 W R i L AR R ,2003.
Yuan Peng. Research on walking mechanism analysis and control system of a crab-liked biologically inspired robot[ D ].
Harbin ; Harbin Engineering University,2003. (in Chinese)

4 Perry M J, Tait J, Hu J, et al. Skeletal muscle types in the ghost crab, Ocypode quadrata: implications for running
performance[ J]. The Journal of Experimental Biology,2009,212(5) :673 ~ 683.

5 Zhang Yan, Yu Minsu, Liang Yang. Experimentation of fish swimming based on tracking locomotion locus[ J]. Journal of
Bionic Engineering,2008,5(3) :258 ~263.

6 Zhang Y, Huang H, Liu X Y, et al. Inematics of terrestrial locomotion in mole cricket Gryllotalpa orientalis[ J]. Journal of
Bionic Engineering,2011,8(2) :151 ~ 157.

7 Dickinson M H, Farley C T, Full R J, et al. How animals move: an integrative view[ J]. Science,2000, 288 (5463 ) :100 ~ 106.

8 Weinstein R B. Locomotor behavior of nocturnal ghost crabs on the beach: focal animal sampling and instantaneous velocity
from three-dimensional motion analysis[ J]. The Journal of Experimental Biology,1995,198(4) :989 ~999.

9 Full R J, Jindrich D L. Dynamic stabilization of rapid hexapedal locomotion[ J]. The Journal of Experimental Biology,2002,
205(18) :2 803 ~2 823.

10 BRFES. BAT EWE0E R BB [ M. Jb gt LB Dol 1 ARt , 1991,

11 Full R J, Weinstein R B. Integrating the physiology, mechanics and behavior of rapid running ghost crabs: slow and steady

doesn’ t always win the race[ J]. AMER Zool,1992,32.382 ~ 395.
12 Blickhan R, Full R J. Locomotion energetic of the ghost crab II. Mechanics of the centre of mass during walking and
running[ J]. The Journal of Experimental Biology,1987,130(1) ;155 ~174.
13 Barnes W J P. Leg co-ordination during walking in the crab, Uca pugnax[J]. Journal of Comparative Physiology A, 1975,

96(3):237 ~256.

(L#EE 313 W)

10
11

2 £ x W

Raper R L. Agricultural traffic impacts on soil[ J]. Journal of Terra Mechanics, 2005, 42(3 ~4) . 259 ~280.
P4 FEBR T IR S RAE WS A [T ] ROl HLA 2% 41 ,2005,36 (10) : 161 ~ 164.

Zhang Xingyi, Sui Yueyu. Summarization on the effect of soil compaction on crops[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2005,36(10) :161 ~164. (in Chinese)
PN, B R AT ER BN LIRS [T]. AP, 1998,29(3) 1172 ~ 174.

B TR LB A s 8 Iy 24 (M) Jb et Bl H R B AL, 1995.

K% S B BREE . AR LB S S i R [T ] AR ML % 4 ,2005,36(6) : 122 ~ 125.

Zhang Xingyi, Sui Yueyu. International research trends of soil compaction induced by moving machine during field operations
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2005,36(6) ;: 122 ~125. (in Chinese)

Hamza M A, Anderson W K. Soil compaction in cropping systems a review of the nature, causes and possible solutions [ J].
Soil & Tillage Research, 2005, 82(2) :121 ~ 145.

Boivin P, Schaffer B, Temgoua E, et al. Assessment of soil compaction using soil shrinkage modeling: experimental data and
perspectives [ J]. Soil & Tillage Research, 2006, 88(1 ~2): 65 ~79.

Emmanuel C C, Vilas M S. Modeling compaction in agricultural soils [ J]. Journal of Terramechanics, 2002, 39(2) : 71 ~84.
Aragon A, Garcia M G, Filgueira R R, et al. Maximum compatibility of Argentine soils from the proctor test [ J]. Soil and
Tillage Research, 2000, 56(3 ~4): 197 ~204.

Alexandr G. Tire load rating to reduce soil compaction [ J]. Journal of Terramechanics, 2003, 40(2): 97 ~115.

Botta G F, Becerrac A T, Tourn F B. Effect of the number of tractor passes on soil rut depth and compaction in two tillage

regimes [ J]. Soil & Tillage Research, 2009, 103(2) . 381 ~386.



