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A Sufficient Condition for Manipulation of Envelope Family

Makoto Kaneko*, Kensuke Harada* and Toshio Tsuji*

This paper discusses a sufficient condition for manipulation of Envelope Family, where multiple contacts are allowed

between chains and object (or environment). All chains are assigned by either position controlled chain (P-chain) or

torque controlled chain (T-chain). While the object motion under multiple contacts can not be uniquely specified by

T-chains only, we show a sufficient condition ensuring that a given set of torque commands for T-chains always move

the object toward the goal along the surface of P-chain (or a fixed environment). Experiments as well as simulations

are also shown to verify the basic idea.

Key Words: Multi-fingered Robot Hand, Enveloping Grasp, Manipulation of Object, In-Hand Manipulation
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(a) Robot hand

(b) Humanoid robot  (¢) Legged robot

Fig.1 Example of envelope family
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(b) contact-force-open

(a) Friction cone

Fig.2 Parameters of friction cone and contact-force-open
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(a) m-th contact

(b) m-1-th contact

Fig.3 Contact force sets in m and m-1 contacts
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Fig.4 Friction cone cut by planes
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Fig.5 Relationship among C,,C" and C
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(a) Outer tangential cone

(b) Inner tangential cone

Fig.7 Several polyhedral convex cones
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