HARBTARY MEAFE Vol.31 No. 8, pp.747~754, 2013 47

S - N

FEEMRERMBIEIPS LS OKRY PN RICED
BEAP T VIR DI

S

=

y=) —x

o

i

WoH E N T 7 A (R

\

Delicate Object Grasping by Robotic Hands with Incompressible Fluid Fingers

Masahiro Uchida*, Tetsuyou Watanabe* and Ryoji Maruyama*

This paper presents novel schema for grasping very brittle objects. For the purpose, we develop robotic hand
equipped with fingers filled with incompressible fluid; gel. The features of the fingers are uniform contact pressure
distribution and controllability of the pressure. It is useful for controlling contact pressure such that it does not
over fracture stress. The two fingers are attached on every contact area of the robotic hand, which realizes stable
grasp from the viewpoint of passive form closure. We also present grasping strategies for grasping brittle and ductile

objects, respectively, and their validities are shown by experiments.
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Fig.2 Cross section of the fingertip part
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Fig.3 Fingertip part (left) and Control part (right)
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Fig.4 Experimental set up for compression test
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Fig.5 Force-Deformation diagram

Table 1 The values of C' and ¢

Fluid pressure when there is no contactkPa] | C ¢
3 0.331 | 1.45
10 0.417 | 1.39
20 0.525 | 1.34
30 0.603 | 1.29
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Fig.7 Overview of the robotic hand

Table 2 Specification of the hand

Maximum height 300 [mm]
Maximum width 200 [mm]
Maximum gripping area (length) 90 [mm]
Weight 1.0 [kg]

Maximum joint velocity 75.3 [rpm)]

Maximum joint torque 1.43 [Nm)]
Maximum joint grasping force 11.4[N]
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Fig.9 Investigation of contact pressure profile

Table 3 Experimental conditions for investigation of contact
pressure profile

Load weight | Loading time | Temperature | Humidity
10 [N] 2 [min] 24°C 64%
X X
l_; 2 3 4 l_.l 2 3 4
Yv | yv 1
2 2
3 8
4 4

(a) Silicon fingertip (b) Gel layer Fingertip

Fig.10 Contact pressure profile for silicon and gel layer finger-
tips
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Fig.11 Contact pressure profile for silicon and gel layer finger-
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Table 4 Parameters for regression curved surface

Silicon fingertip | Gel layer fingertip
a[kPa/mm? 5.56 —0.400
B[kPa/mm? 6.04 —0.400
~[kPa/mm? —0.684 —0.156
A[mm 11.2 11.2
B[mm 13.5 18.9
M[MPa)| 0.646 0.271
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Fig.13 Pressure profiles for every fingertip when breaking
potato chip
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Fig.14 Pressure profile when breaking potato chip

Fig.15 Grasping potato chip
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Fig.17 Pressure and motor angle profiles when grasping potato
chip
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Fig.19 Grasping soft tofu

Fingertip pressure

A Desired pressureI

10 15
Time [sec]

Detect initial break

je

Fingertip pressure [kPal

20

(a) Transition of fingertip pressure

07 H —- Desired angle

’_'g 0.6 —— Actual angle

50 0.4

=}
=01

10
Time [sec]
(b) Transition of motor angle

15 20

Fig.20 Pressure and motor angle profiles when grasping soft
tofu
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(c) Toy model

(d) Toy model

Fig.21 Object grasping (complicated-shaped object)
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