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A bionic sucker design with high surface adaptability

DING Jian—ning"*, YIN Zi-jian', HU Hong-wei', CHENG Guang-gui',ZHANG Zhong-qiang'
(1. Institute of Intelligent Flexible Mechatronics, Jiangsu University, Zhenjiang 212013, China; 2. School of Mechanical
Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract: Aims to address the challenge of poor adhesion and easy detachment of existing suction cups on
rough surfaces and small structural objects. Inspired by the structure of leech suckers, we designed a novel
type of sucker, RSS (rough-small-sucker) , which has multiple folds and a bottom array of small pits.
Modeling and simulation are employed to investigate the adhesion mechanism, while experiments explore
the impact of fold quantity and pit size on vertical adhesion and horizontal shear resistance of the sucker on
rough surfaces. We study the attachment mechanism of the sucker by modeling and simulation, and
experimentally investigate the effects of different fold numbers and hole sizes on the vertical adhesion
performance and horizontal shear resistance of the sucker on rough surfaces. Results show that the multi-
folded structure significantly improves RSS's vertical adhesion (up to 87.9% improvement under 40 kPa

vacuum). Pit size has minimal effect on vertical adhesion. For various sandpaper grits, small pit sizes (0.5
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mm and 1 mm) have minimal impact on horizontal shear resistance of double—folded and triple-folded

suckers. However, with a hole size of 1.5 mm, there is a 40.5% increase in horizontal shear resistance.

The horizontal shear resistance increases with pit size for 1 600—grit sandpaper. Pit size has no significant

effect on horizontal shear resistance for single—folded suction cups.

Key words:bionic sucker; multi—folded; array of small pit; modeling and simulation

0 51 F

FI A\ 1654 4F 55 FI] v FH 5 7 2% 2 Bk 5256 7 1]
ANATEAE T KRR AL, AT B ZS FR Y
R I — 2 2 4, o B2 W 3 45 # 48
i L35 K 7 B, W B ) nT & 3 N7 1 AR P ASE T
M DA B B AR 2 T Iz R Y S TR
B R HLARC M R L 2 T WA A BB A i R
Frde il FEFG 2" WP o 4 A R
B A S A, I e R B R 470 5 e 43 P Ak 1) 5
BV BET, WA R R I N EE R AT DL o A
W A ST R A R AR AR [ AR R g 4
R A B 3 Ry HOAS [R] 4 45 4 LA R
I 1) 325 FH 4 5%, G e SO A% T AN ) 1) v B M
PR, S S S 2 T LA A 43 B 5 A A
o LI A5 1 0 W B3R TR, T ST A e B ) S
T 5 HTCEC 5 A0 (53 700 W% 4w L 3% At % 28 A il %
BB Kk, 4555 . R R IR R AR Z
AR T HELAS 2 140 0 BRI OR BAR . O EL X 45 4
NI A 2 W A d /N RCSE AN AR I W
FETCTEIE B P 0 P B ek 8 e 2 e

TR 5T W A 0 W B ATL B 4 T A A 8 1
PERE | B N AN 5T 2% 8 DN A 114 ) B R 1 R I
Gy A A R BB AR B T AR AR
A W W A R AR T 5 X LS IR T T Tz N
AR SE . 25 2555 38 1 g DLW 410 1) 7 1)
WA 73 S8 BUIE % S, TE BURRIR £ 43 A O
A= W B T, A 280 R 3R TR BE (9 4 1A ; Sandoval
SN o AR 9 OB 0 A £ A W A A5 e B
£ 3¢ T HL AT 5 48 00 AR 2F 4k B 4 i 2 AT Bk
%, I & AR 25 ASORI K PR RE AR R R g % B
T3 05 Az W A 5 A6 SO A R K 2 R kR 2E
A VEWTE & 0 (7 A= 60 e 0 25 AT DA 2ok W 48 N S ik £
YN AR A 2 R BB D), S B S AL A £ Y
“REAE AT BE T 5w ) A R A BE 5 AT A
ik — 25 WL B W 5 45 4, (0 ) 232 P o S T
VR 1 B A AR A3 ol A5 I A ) A T A U

AR B P I A A R TR A R Y AR
SEPEN

SRy S B A O W BB RE D, e A S R ik
A 2 (8]0 25008 W 3t A 0 25 i, 9 8 22 [ S T B
ZUAR /IS, DA D i U T E A 3 B0RE R R 1 R
I3 NP A A e T AT 32 B 85 TR ) AR 25 5 3
T ML AN R T o O IR SO — i 2 A
WA [R5 0 A 2 AR A A, LK g J5 W A i
A58 3 AR K 0 A fL I A5 R E 2 4
AW A B S T NFLIE S R B OR T R
BN o AR T T B W A T R BRERE RS 2 T AN AR
S5 R 00 R R AR SO X R 2 A O AR T B IR A
RSS W # (Rough—small-sucker) , 7 X} b #4171
15 L3 B LA K W 38 3 B AR P S S R 5T
[F) 45 ) of W 5 3 S ME BE A 20

1 RSSW KI5 HE

1.1 RSSWEREHIEIT

AF T - W5z B - & 1Y 2 T, 7 I ) R S I Y
Af B8, W 5 5 22 B K R R 0K 1B B R R A RS
TR, DT 0l /N A0 MM 22 T 2 Bt o O -5 2% fik 3% 1o
FEAR T R A 25 I o T 6 45 F /N TS R W Ak, B AT
49 W 25 BB D /N W A 1 A 2 1w RS, il L mT LA
5% 42 55 W R 2 T i, (L3 [R] B 2 i e B O &
JETT B ) R A 2 8 A W2 R 8 R W AR B S A R
ML PRI, A WO 2 %) 38 s P M 4 2%

S AR SC AN K W % T AE 2 TH R T, AN
ZINW 5 W B 7 BRTBR R AT SR AT AW B /N3 P A Sy
H O, BT — R (8 22 08 A5 B 25 L i A
T W B I A8 A ] 4 e 5% 1, B B R B s I T
[Fi] FsF e J 23 8 AR PN R — AW, ST
B2 RS RN o 2 B AR /IS B W A AT A
SR IN RIS )2 AR A W B A R A B g
i & AL T HE A W BT 7

AN K J5 W A Y S T AF AR K 5 Y M T 45
4, L3 86 [UT 350 45 #4935 7 W R IR R A 1 2
YRR 3 (R BUR AS SCHe 22 8 A 45 K R K 0 17



- 3776 - T MR F

¥R FHR)

% 55 %

Ja W B A S A it RSS W . AR K g
W 5 235 K 0 8 B oK 2 W AR BO0 R 1Y &
PN T AR B 5%, ol 1 PRI M | 25 ) 52 B A B 5% i s
R AE B2 N E N E 15 S b0 V) NI M o - K& 1§~ |
AINAL G5 R X T B 0 ) 2R R R T IR A
i, B AR SO T 9 B [R) RE A8 R RN L B
TR (R W A, 4300 Ry — 8 TS R A = AR A
HE A 18 A0 K B 25 9 1.6 mm. g ke /N L 4
X 8 4 25 48 1) T 95, A SO I 3 AR W] RS 1Y
B M55, B4 5 9 0.5.1.0.1. 5 mm, /ML Y
E WAL T m B S HEA R L R 18 L8R
TR 200 IR E N 0.4 mm. W AR R TE R
A B B AR A 23 mm, T A A W 38 H Ecoflex—
30 il T B o EL AR B4 R 484 1 RS G 1 R
1A W 3 — AR AR A
1.2 BERHTEIERHEESH

Shy R 1 5 T U B RE R A ) RSS W 4% 25

), 1R 5 W A5 1 W R AL 3, AR SR T Ansys Work-

bench A B T 43 81 40 14 % W 25 19 1 2 e Re 2 AT

BT o HH TR XS RRES K, Ry 3 & SR AU

W 5% 1) DU 43 22— 4 AT 0 B, 76 W 4 0 A 1)
*1 FAEARSSHERTSH

Table 1 Different RSS suckers size parameters

W G R AR /A LB /mm
) 1 0.5
® 1 1.0
® 1 1.5
@ 2 0.5
® 2 1.0
©® 2 1.5
@ 3 0.5
3 1.0
©) 3 1.5
HIAEB B FIRRTLH B

&

dd4

o

& |

d F’

BB
Bl AEALEHSHHMRSSHE=4HER
Fig. 1 3D models of RSS suckers with different
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Fig.2 Simulation of the adsorption deformation process of three RSS suckers
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Fig. 3 Mises stress simulation of nine different bionic suckers
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surfaces and small sized objects
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