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Design and Experiment on Reducing Soil Adhesion and Anti-slip
Structure of Profiling Elastic Press Roller

Jia Honglei'? Wang Wenjun'®>  Zhuang Jian'® Luo Xiaofeng'”> Yao Pengfei'® Li Yang'’
(1. College of Biological and Agricultural Engineering, Jilin University, Changchun 130025, China
2. Key Laboratory of Bionics Engineering, Ministry of Education, Jilin University, Changchun 130025, China)

Abstract. During the working process of press roller, the deficiencies in the soil adhesion and the large
slip rate on the profiling elastic press roller are existed. Based on the flexible geometry features of the
typical soil animal body surface, the reducing soil adhesion and anti-slip structure were designed to solve
the problem. The structure consists of rubber bulges, which are fixed by the existing bionic rib structure.
This structure has the advantages of less soil adhesion, lower slip rate, more uniform pressure distribution
and better soil crushing effect. The movement process of the reducing soil adhesion and anti-slip structure
was researched by using theoretical calculation and kinematics analysis, the characteristic equation of
rubber bulges and the value ranges of bulge height and rib height were obtained. The orthogonal
combination experiments of three factors and three levels were designed and performed. The results
showed that the primacy sequence of the experiment factors influencing soil adhesion was: rubber bulge
height (H), rib height (L), total loads ( F) and the primacy sequence of the experiment factors
influencing slip rate was: rib height, rubber bulge height and total loads. Optimal levels of the
experiment factors influencing soil adhesion and slip rate were F of 450.0 N, H of 13.9 mm, L of
15.1 mm. At the same time, verification tests and comparison tests were conducted in the field. The
results showed the soil adhesion quality was 39. 2 g, the slip rate was 3. 89% , compared with the roller
without the reducing soil adhesion and anti-slip structure, the soil adhesion quality was reduced by
60. 1% and the slip rate was reduced by 54.3% .
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Tab.2 Test scheme and results

RBEE 1 . . G B A 3 GREES

Y/8 ¥2/ %
1 0 0 0 49.6 4.30
2 -1 1 0 86.7 5.09
3 0 1 1 88.3 4.86
4 0 0 0 48.9 4.55
5 -1 0 1 63.6 4.55
6 1 0 1 59.1 4.28
7 0 0 0 49.2 4.68
8 -1 0 -1 38.9 6. 05
9 1 -1 0 108. 4 3.81
10 -1 -1 0 90. 8 3. 60
11 0 -1 1 101.5 4.85
12 0 -1 -1 90. 1 5.17
13 0 1 -1 80.5 6.43
14 1 1 0 89.5 4.15
15 1 0 -1 59.9 6.08
16 0 0 0 50. 1 4.45
17 0 0 0 51.0 4.58
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Tab.3 Variance analysis of soil adhesion quality
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x5 232.20 1 232.20  219.66  0.000 1
X, %, 54.76 1 54.76 51.80  0.0002
X, % 162. 56 1 162.56  153.79  0.000 1
%, %3 3.24 1 3.24 3.07  0.1235
2 92.32 1 92.32 87.33  0.000 1
x? 6538.74 1 6538.74 6185.71 0.0001
x 3.66 1 3.66 3.46  0.1050
42 41 35 4.67 3 1.56 2.28  0.2216
afi iR 2% 2.73 4 0.68
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Tab.4 Variance analysis of slip ratio

JIEKUE PR HE WS P PAA

f 7 9.36 9 1.04 18.16  0.0005
x, 0.12 1 0.12 2.05 0.1949
%, 1.20 1 1.20 20.98  0.0025
X 3.37 1 3.37 58.80  0.000 1
%)%, 0.33 1 0.33 5.77  0.0473
X, % 0.02 1 0. 02 0.39  0.5506
X, % 0.39 1 0.39 6.82  0.0348
x 0.20 1 0.20 3.51 0.103 1
x? 0.07 1 0.07 1.26  0.2983
2 3.77 1 3.77 65.88  0.000 1
2 LI 0.32 3 0.11 5.10  0.0748
gl 2% 0.08 4 0.02

peg il 9.76 16

2.1.5 6 25 5w Bl S S A

FIH] Design-Expert 21 {4 o i) i 1ty 18 3% 43 B
BT TR R ) A% B 3 A R 2 B AR RS
B - S RNE B R S . AP E E 3 AN E
1A BN, 5555 2 AR E R
i A - 398 55 A0 T RS SR A R R

(1) 28R Ao 00 A 3 X6 o - 8 14 5%

[ 2 ) 2% e BE A 1S mm, 1 1B 7 TR, TE ) 2%
N 15 mm 5K, R R RS B
S M) LY 2R A J S 5 RS B - 38 B AT A B if B
H b T Sz i 3 o, Rl B - 498 ok il T R o R Y 3
TS S U/ J B0 A A A LA AR B ROR T R
[ E R TR g e w5 S N S I (B

(2) 28R A 0y 2% w8 JEE 6T o 498 114 5%

[ 5 R R S 250 mm, B 1R 8 AT, 7E YR
15 BE R 250 mm R 55 K CF T A% R B X RG B - g
It (185 0 LU A8 A7 Yk 355 5 R R - 9 B A A 1 38 in i
T, H BT g G i R B 3 B T A%
FE R B TE, H BT SRR 5 R B R AR A
XAk P - B s HAE .



%6

BUHLTR A (R o S T RBUR, B T A5 A B 5 25

Faft LR

PEL 7 A R S 2 R X RS B L 39 3 1Y
W B
Fig.7 Response surface showing effects of load

and rubber bulge height on soil adhesion quality

M HIE e

P 8 2 I ) 2% i JBE X Rt B 98 ek 52 i £ i i gy T
Fig. 8 Response surface showing effects of load

and rib height on soil adhesion quality

(3) o™l oy 32 RV Ay 4% v T2 s R = S84 18 52 o

[ 27 2 600 N, iy &1 9 w1, #8247 0 600 N
IR B0 7K P T o e 3 Rl B S 114 5 o L T
2% 1R BE S R T T S R R 8 £ S ek
ZANJiE S B, LA R B A e R - S B A
i BE AR i b, BB TR E 5 Mok i R A
iy 2% v JRE KD RS Y - e I TC S HAE I o

FaptEER

PO M i S5 Uy % v oF G B e S B T
W 37 T
Fig.9 Response surface showing effects of rubber

bulge height and rib height on soil adhesion quality

(4) 230 FIAZURE ™ A o BE X T A% % 14 72 )

I 5 ) 2% i B 15 mm, fly 10 AT, 76l 4%
1 O 15 mm B KF T o R RE X T R AR R
Wi L 2B A7 A 35 5 T % 3R I 2 Ay AR 1T S e JRE A
ETb H R TR S T D 5 o™ R L R A A
BRI HAE

1T~ 600
'%/E?,% 6 as0 02 M

PR 10 2 1™ b oo J3E X ¥ % 3 B2 ) ) i 7ty TR
Fig. 10 Response surface showing effects of load

and rubber bulge height on slip ratio

(5) A A0 11y 2% 13 JBE X 3 3% 2R B B2 1)

[8] 5 ™ A 12 B2 2 250 mm, ply [&] 11 AR AR
1 20 250 mm G50 KF R A% R X AR R
S LU 28T S5 5 Y R B AR 1 i 7 B
THEa % Wk 22 , B 3 Bl 2% e B 9 3 0 2 G Dk
ZINJ S A, LA A e JBE 5K 5 o R R JRE K Ay
X RS R IC A HAR o

BNL g8 R 4% 3 0 X ¥ A% 2R B ) ) i 5ty T
Fig. 11

Response surface showing effects of load

and rib height on slip ratio

(6) 7 v JEE 1A 2% e B X T A% SR 114 B2 )

[ %€ 2 47 D9 600 N, i [ 12 "] A, £E 8 A N
600 N [R50 7K - T, il 2% o B2 X 1 A% 3 10 82 1 EE
i A R L 5 R R e R A T B, L
BT S U G R R B I 2% v BE B
el /I a8 T B, ELAR AR R R 5 o g A
2% v E X I A% R A S HAR

P12 Mg R R % R X Y R 5 T 194 ) i o T
Fig. 12 Response surface showing effects of rubber
bulge height and rib height on slip ratio

TSR 45 2R 18] 09 73 A A 4005 1 S Al A



26 & A Bl B ¥ i

2015 4

Design-Expert #F 3 — 25 A, 1000 4 Wik B 5 45
I B TAE SR B O - 2 450.0 N ™ i i i
13.9 mm Jh 45 F 15. 1 mm,
2.2 HBEHRE
2.2.1 KTk

T 2014 4E 10 J 19—21 H 1E & bk K 2= 4 22 3%
TR FH R A7 56 E 3 58 At e o R Y i 50
S B AE 7 O 2245, BBk S £48 0 ~ 100 mm &b
ARBUETE N 1.09 g/cm’, 100 ~200 mm Ab 75 A1 %
J1.24 g/em”,0 ~ 100 mm b+ 15 K% 11.2% ,
100 ~200 mm &b + 3 & K3 H 15. 1% , 5 H A3
S)ZER G, TOREFT AR B 5, T P P R i
TE 2BYMQF —4 AUEFHLALLE I, i 2935 /K 904 #Y
o ALEEAESh ), A B an &1 13 iR .

@ @
B 13 R
Fig. 13 Test site in the field
(a) RSB &R (b) HIERE
(c) HIEEABCR  (d) ARALRICR R i ok Al

I FH B 3 AL A 2 R 904 AU i hir
HL.2BYMQF —4 AU FEFp #L . SC — 900 A - 3¢ B 5L fiF
18 MS — 350 TR 7K 430 22 A FR T (258 100 em®) |
HLF ROP45

FH 1) 328 56 Ay 560 3iF 3 56 A v b G K58 P LR
YEME 3 BB E A 1.0 m/s , ALEAE L 100 m i) & — 20
BE A FEE 10 1K,

2.2.2  HEHALZE R

FH T 3 56 A A 2 36 E A 3 6 5 1 i Rl By
WM R TAESEA G 6 BA R I EL L
o S 2BYMQF — 4 B8 Rl HILAE 35 AR 27
A AF R AT, O T BRI A i R LR 2
P47 10 WHEZIRE . IR Z5 5 0 KM L3 K
52,7 g, d/N R 245 g, P31 2 g5 iR AR A
5.03% 852 /N K 2.97% ,F-153.89% .

W L S R 2% 18T BRS04 AL B 4, 76 A TR 56
SR HEATRE LR, AE A BB 1.0 m/s , 28 faf 0 6
450.0 N, 17 E G080, ir il ge 45 Lk 5 R,
A UBORY 77 9 235 R 1 R 5 A ORS 7 T A 1 B

Jie R X G, Rl B - 35 5 [ G 60. 1% , 1 5 R 1K
54.3% ,

x5 MHHEER

Tab.5 Test results of contrast test

R 5 R LR/ g W/ %
1 60. 5 8.65
2 98.2 7.57
3 57.6 9.72
4 103.5 8.47
5 88.2 7.37
6 79.7 8.23
7 65.0 8.91
8 51.2 10. 51
9 86. 4 7. 64
10 90. 5 8. 12

1 78. 1 8.52
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Tab.6 Soil bulk density after compaction g/cm’
w575
R BE/mm -
1 2 3 4 5
0 ~100 1. 04 1.18 1.23 1.15 1.21
100 ~200 1. 19 1.24 1.27 1.22 1.24
Wy
R BE/mm -
6 7 8 9 10
0 ~100 1.23 1. 14 1.20 1.16 1.24

100 ~200 1.29 1.20 1.26 1.25 1.30
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