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Piercing Based Grasping by using Self-Tightening Effect

Naoki Sakamoto*!, Mitsuru Higashimori*?, Toshio Tsuji*® and Makoto Kaneko*?

This paper proposes a piercing based grasping by using the self-tightening effect of objects with elasticity. We

suppose a piercing hand with palm where the piercing motion by needle can be independently achieved irrespective

of the palm motion. The palm first approaches and touches with the object, with a slight pushing motion. This

motion produces an increase of potential energy of object. After the motion, needles pierce the object. When the

object is lifted up, the accumulated potential energy is released and the object tries to recover the original shape

under the piercing condition. We found a particular mechanical configuration between the object and the needle

arrangement, under which the constraint of object is tightened due to the object deformation during the release of

potential energy. In order to confirm the robustness of the proposed method, we have done a couple of experiments.

The results show that the proposed method keeps an extremely high robustness compared with the other piercing

methods.
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(c) Piercing phase

(d) Lifting phase

Fig.1 A procedure for food handling by piercing hand
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Fig.2 Design parameters in piercing hand

Fig.3 An overview of the system
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(iii) Piercing phase (iv) Self-dropped phase

(a) Inner directional arrangement (III-hand)
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(iii) Piercing phase  (iv) Self-tightening phase

(b) Outer directional arrangement (IV-hand)

Fig.4 Self-tightening effect
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Fig.5 Simulation results
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(b) IV

Fig.6 Simulation results for the cross section y = —15 [mm]
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(i) Piercing phase (i) Lifting phase
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(i) Piercing phase (ii) Lifting phase
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Fig.7 Two examples where the object may be broken due to
the gravitational force
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(b) The developed hand

-

Fig.8 An overview of experiment system

Table 2 Parameters for experiment

q Piercing angle in Type [ 45 [deg]
Piercing angle in Type II 135 [deg]
Piercing angle in Type III 30,45,60 [deg]
Piercing angle in Type IV 120,135,150 [deg]
l Piercing distance in Type I, III 28 [mm]
Piercing distance in Type II, IV 22 [mm]
d Piercing length 8.5 [mm]
s Pressing depth 6 [mm)]
D Taper angle 2.2 [deg]
D Diameter of needle tips 1.0 [mm]
D’ Diameter at the intersection 1.7 [mm]
a Acceleration of disturbance 30 [m/s?]
m Mass of object 0.078 [kg]
h Thickness of object 17 [mm]
2Lg Initial length of object 97 [mm]
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Fig.11 z-directional force f.
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Fig.12 Robustness index
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Fig.13 Robustness index for two different piercing angle ¢
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Fig.14 An overview of test by using III (¢ = 45 [deg]) hand
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Fig.15 An overview of test by using IV (¢ = 135 [deg]) hand
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