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Fig. 2 Relation between maximum normal force and angle of the fixed end of spatula-

like structure with different loading conditions.



Stress distribution

at adhesive tip

N S

Detachment

,

6

Fy[uN]
i

Normal force
[ 3]

Tangential force  F, [u N]

Fig. 4 Relation between normal and tangential forces at detachment of seta-like

structure in the case of different Young’s modulus.



Metal mold

Silicone rubber

Glass plate

_/

Type 1: S100%

Type 2 : S125%

Type 3 : S150%

Type 4 : H125%

500pm —

Type 5 : H150%

Type 6 : T150%

Type 7 : HT175%

Fig. 5 Gecko inspired adhesive devices with different tip structures??.

(a)

3.0

20

F, [N]

S100%
H150%
T150%

o DH

F [N]

3.0

2.0

1.0

0.0

® | S100% —a—
H150% ~——&—
% T150% +~——e—
_ M ;> _
41
i, EP baogd
é $oani
30 60 90 120 150 180
¢ [degree]

Fig. 6 Experimental results of adhesive strength of adhesive devices for (a) normal and

tangential force relation and (b) force and loading angle relation.



Motorized —2=—=

i

Adhesive

‘jdevice

~7.

| 7
Glass

2-axis

load cell plate

Fig. 7 Schematic illustration of adhesive strength measurement system.

3.0 T T T T
032N --a-- (0.9IN --#-- 152N —e—
0.57N --o-- 1.29NI 1.74N
I _
20+ _ﬂ‘-igz Y i
= ,551 e HTR ‘\'“:;' R
z e \
W Al
A/
1.0 1
0.0 ;
-150  -100 -50 0 50 100 150

Horizontal motion distance [pum]

Fig. 8 Experimental results of normal force at the detachment with 3 step motion [1.
Approaching 2.Horizontal (left or right) 3. Receding] changing horizontal motion

distance.



1.
Start

2. 8 8
Attached  wmmw  ww

Pick ) el
[

4. 4 )
I

5. o

move I

.

6. i i
Detached "9 fww L
(End) N B

Fig. 9 Pictures of glass plate pick-and-place using adhesive devices.

Fig. 10 Enlarged pictures of glass plate pick-and-place for the steps 4, 5, and 6 in Fig. 9.
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Study on the reversible adhesion inspired from Gecko foot hairs

Yu SEKIGUCHI*

*Institute of Innovative Research, Tokyo Institute of Technology
4259 Nagatsuta-cho, Midori-ku, Yokohama 226-8503, Japan

Abstract

There are several natural systems related to adhesion and adhesives in the field of
biomimetics. Focusing on gecko adhesion, one of its remarkable features is reversibility
of the adhesion. Although geckos adhere to a wall using molecular interaction, they
cannot walk or run without detaching their foot easily from the surface. Understanding
the mechanism of easy detachment is important to achieve gecko-like reversible
adhesion. In this paper, detachment mechanism of gecko adhesion is investigated. Using
simplified adhesion model of geckos’ foot hairs, directional dependency of adhesion force
at detachment is theoretically derived. Then, it is clarified that anisotropy of adhesion
force is generated by the hair structure. Additionally, gecko-inspired adhesive devices
are created and the anisotropy is experimentally verified. Finally, manipulation system

using the adhesive device is proposed and pick-and-place of a glass plate is succeeded.

Key wards: Bio-inspired, Gecko adhesion, Anisotropic bonding, Reversible adhesion,
Adhesion model



