201447 H

7SO AR VI =

LHENE A

doi:10.6041/j. issn. 1000-1298.2014.07. 014

TEEERBRASFERRNERITS TSI IEIEIE

k & KEHXR ¥ F

F B OKEHE A9

(MR TR AT BEALRE, KF 130025)

W R ABAQUS B SL T A& GE AU R SR AN 07 A UK F 5 1 e AT B A i = 4 A7 BROTRE AL . 425 5 b O 1
AZREL L N RERY 0. 1% , 1 58 B8 T 3R AN ) Az B8 T AR 19 42 51 BEL A4 0000 R 40X 6 (B AT 0 3R 22 20 90 O 11, 47% A
2.38% MEAUE AR IS E W) & B0 S UE T BER A AT SEPE . I Mises B 3 25 J&] VB IR AR 5 S 4 ik T AR RN B = [
3 U5 N 2 PR AR AR DL AE SR EAT TR L o AR A5 AR BUR RS R A R A ) B R T SR, S A
TR SRR A B B 5 0 AR B R T I A T B R A SRR R R RAIR T 79. 05% A R T RRAR 0 5 0 AR
R 2 T A G B 13, L A 45 2R A 38 A BT R )R A 3 P A S AR AR PR AR 52. 78 % 5 iy A SRR AR 2R T 1Y
W 26 ZE A REAE — B PR JE b 2 1 SR 2l o 4 1 2B B R 7 A 52 Bl BT AR B TR B AR 22 AR T S BH 2R A A
(7], (5L 7 A= T 5 B8 ) T s 92 3R 2 e 5 % 490 B s Rt o e 0 P 8 9 1y 1) ) 5 B8 0 B i K T 0 AR PR, T
BIHREZ M. DR SRR SRS EIRIRA L, 07 A2 SRR A9 BH T B T 28. 66% .

KW PiEBURME  BORFERL A BROTO T
HE 4y K-S S222.23;0242. 21 XEkARIRAEG: A

5l

BURM FTEM T RSHEMEN L. Lk
AL GEHAE IR R R PERAE A 1 38 0 e SE 2
SR R EE R R 2 0 R SL e
AR E AR 0 AR 0 B AR TE R T
JESEAE AR T B SR A 42 51 B Ay, 20 £ kG
BEBLG o fH R G5 1 B R B8 61 R 2 O A i B A
B bPRE, G fih - % T 78 22 W Sy 3 3 O v 2 AR
I A 25 5 DR A B - 98 T 28 ot - S8 1) 6 3 A 3R
fi - 398 2 30 7 1 B 0 RR T B B RRD TR 2 T L
HEINREAE , FEARAE ML 82 o S T A% D B8 SRR B 1Y
Tei JT, 5 T 5 5 8 00 17 1340 JLAT 45 4, B3 T D 4%
5 AR BUE 3R, I3 5 1F 28 1 3 00 A0 75 31 7 8RS e B
ORIy A R R

F A BT 7 i © R 2 7 1 T - S 1 3
5 M EAE B . B T HE—
27 A TR 8 DR R e L 1y LB AR SC7E T AR 1
SR b DA G AR 51 RN A AL IS B 4 A BT 4R
TR, R ABAQUS 4 BRIGH R i R 4R 5 +
AR AR B = 4 A5 A 38 i R LA SR
A5 55 AR B FL AL, LA % X G 2 51 REL 3 i 4L {1
T (0 B B Ay o] S o [ B AN Miises B ) 25
Vel L A 5 0 42 fk T AR RN A B = 8D 30 T 4%

il

Wk H 3. 2014 —03 —04 &6l H 4. 2014 - 03 —24

X E4HS : 1000-1298(2014)07-0085-08

A 47 A5 BT AR DR R e BEL Py LB
1 SEEREXTEIEDABENSH

PR AR A b BIR S AT RS, EE LR
3 U E T AERE

(1) IESERH A1 R, - He 5% BH 7 i 8 #6192 45 1 8
Jie R 7E 32 Bl ik A v xR B Sl A £L T I AR 1
IR EHE SRR TR A A 0N

n+1

z

R =KB—— (1)
Hh K:%+k¢
L [ 3w ]2‘
(3 -n)KB /D
A K—IF g &
k,——5 TN R ITAE RS
h,—— 5+ B 1A K R S
B R SR 58 i n HINEE R

B AR T B
W——RR AR A ey (LA R R AR A L)
D—HRAR Y B AR
(2) HELBE Ty R, Y BUR AR IR S, SRR AT 7
S MBR AR (538 ) B2 7 B4,
Ui7R o RO T4 7% B ke 4 38 B i #E 9 BEL 7

z

 [E 5K F AR P A L G B BT H (51075185 ) 1 [ S AR b B R e b B 6 % B 30T H (2013GB23600661 )

EE R A48, BUR, LRSI, 2N FR0ll TR0 A4 1k

H AR A5 A BE 24 F5Y , E-mail ; jtong@ jlu. edu. cn



86 & ol HLOM ¥ R

HRAR
R, =M(2zd{( +y2K) +
2sincosg i
wl’y(90° - ) eml’ 2 @
Pt MT —) 2
a0 tago Teltn(97ay) (@)
Hp K, = (N, —tang) cos’¢
2N
Ky:( 7+1)coszgp
tang

[ = ﬂ45—£)
ztan )

2z)

« = arccos ( 1-

X NN, —RIEIRERE S R R
eo— RN A

c— TIENRT y——
[
w
19) F
D i) ‘
— e\ A __90 —dxS
N 1 3

M1 ERRITED R E LG
Fig. 1 Schematic diagram showing hilling phenomenon

in the process of press roller moving
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Fig.4 Three-dimensional model of press rollers
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Fig.7 Boundary conditions and loading mode of three-

dimensional model of press roller interaction with soil
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Fig. 8 Measuring system used for drag resistance and

soil adhesion of press roller in an indoor soil bin
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Tab.1 Traction resistance results of simulation and tests

of bionic press roller and conventional press roller
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Finite Element Analysis and Experimental Verification of Bionic
Press Roller in Reducing Adhesion and Resistance

Tong Jin Zhang Qingzhu Chang Yuan Li Mo Zhang Leilei Liu Xin
(Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130025, China)

Abstract; A finite element code ABAQUS/Explicit was used to model three-dimensional soil compaction
process. Drucker — Prager Cap ( DPC) model was used as soil constitutive model. The behavior of the
soil-bionic press roller interface was investigated and compared with a conventional roller. Simulation
results show that the artificial strain energy is approximately 0. 1% of the internal energy, indicating that
hourglassing exerted very little influence on the simulation results. For the conventional press roller and
bionic press roller, the relative error of traction resistance between the simulation and soil bin test results
are 11.47% and 2. 38% , respectively. The simulation results agree well with the experimental results. It
proves that the finite element model is reliable. The Mises stress nephogram, the contact area between
soil and press roller and the displacement nephogram are adopted to compare the simulation results of the
two press rollers. The simulation results show that contact stress between the bionic roller and soil is
significantly higher than that of conventional roller, which is beneficial for crushing clods. The contact
area between bionic roller and soil is 79. 05% lower than that of conventional roller, which is helpful to
reduce soil adhesion. Also this result is proved by the soil bin test results, which shows that the bionic
roller can reduce 52.78% of soil adhesion. Adjacent ridge structures of the bionic roller can properly
constrain the flow of soil, thus avoiding the hilling phenomenon in compaction process. The two press
rollers show little variance in vertical displacement and have similar compaction resistance, but bionic
roller is more conducive to compact topsoil. The soil displacement in the direction of roller width caused
by the conventional roller is greater than that of the bionic roller, which makes the conventional roller
consume more power. The soil bin test results show that the bionic roller lowers the resistance by
28.66% as compared with conventional roller.
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