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Dynamic Grasping for an Arbitrary Polyhedral Object

by a Multi-Fingered Hand-Arm System
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This paper proposes a novel control method for stable grasping using a multi-fingered hand-arm system.
The proposed method is simple and easily achieves stable grasping of an arbitrary polyhedral object using an
arbitrary number of fingers. Firstly, we model nonholonomic rolling constraints between a multi-fingered hand-
arm system and an object, and derive a condition for stable grasping through stability analysis. A new index
for evaluating the possibility of stable grasping is proposed and efficient initial contact positions are analyzed.
The stability of the proposed system and the validity of the index are verified through numerical simulations.
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Fig.1 Multi-fingered hand-arm system
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Fig.2 Contact model at the center of the contact area
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Fig.3 Cross-section view of polygonal column
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Table 1 Relationship between 6;; and X;

O:1[rad] Oafrad] Oizfrad] Xi[m] Xo[m]  X3[m]
A 2.84 2.84 0.60 0.00 -0.0601 0.0601 IN
B 2.54 2.54 1.20 0.00 -0.0122 0.0122 IN
C 2.24 2.24 1.80 0.00 -0.0094 0.0094 IN
D 1.94 1.94 2.40 0.00 0.0190 -0.0190 IN
E 1.64 1.64 3.00 0.00 0.1137 -0.1137 OUT
(rj =0.03[m], Armin = 0.02[m], S = 6.38 x 10% [m?])
Table 2 Relationship between r; and X;
rlm]  Armin[m]  Xi[m] Xo[m] = X3[m]
F  0.030 0.020 0.00 0.0504  -0.0504 IN
G 0.050 0.040 0.00 0.0605  -0.0605 IN
H 0.070 0.060 0.00 0.0705 -0.0705 OUT
((Bt1,0t2, 0¢3) = (1.79,1.79,2.70) [rad], S = 6.38 x 103 [m?])
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Fig.4 History of X; reach to X; for Vinin and history
of Z; satisfies (25)
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