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Grasp Stability Analysis of Two Objects with Frictionless Contact in Two Dimensions

Takayoshi YAMADA, Nagoya Institute of Technology, *Tomoya YAMAMOTO, Nagoya Institute of Technology,
Nobuharu MIMURA, Niigata University, Yasuyuki FUNAHASHI, Chukyo University

This paper analyzes grasp stability of two objects with frictionless contact in two dimensions. In case of
frictionless contact, sliding parameters at contact are required, and contact force is restricted to the direction of
contact normal. Hence, the analysis is more complicated than that of frictional contact. Position displacement
of two objects is expressed by five parameters, and then position displacement of finger is derived. The
relation between displacement of finger position and reaction force is replaced with a two-dimensional linear
spring model. The constraint of contact force is obtained from the minimization of the potential energy of each
finger. The hessian of the potential energy stored in the grasp system is derived. The grasp stability is
evaluated by the eigenvalues of the hessian. From a numerical example, the region of curvature of contact
point between the objects, contact force are obtained for stabilization of the grasp.
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Fig. 1: Two objects grasped by a multi-fingered hand
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