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Simulation of Deformable Belt Objects with Angles toward Their Manipulation
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Abstract— A modeling to represent deformation of a belt object with angles is proposed. Deformation of a belt

object such as film/flexible circuit boards must be estimated for automatic manipulation and assembly. First, a

differential geometry based modeling to describe deformation of a rectangular belt object is explained. We can

estimate deformation of the object by minimizing its potential energy under geometric constraints. Next, this

model is applied to a belt object with angles. The deformed shape of an angled object can be derived by separating

it into rectangular parts and angled parts and by assuming that each angled part forms a part of a cylindrical

surface. Finally, the validity of our proposed model is verified by comparing the computed shape of an L-shaped

belt object with its measured shape.
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Fig.2 Object with one angle
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Wea = Weby Wha = Wb, by = 61);

9)

Wee = Wep cos? X — 2wppsin Acos A — 0y sin? A,

Wpe = —Wepsin Acos A + (.unb(cos2 A — sin? A)
+épsinAcos A, (10)
8. = —wep sin? A — Qwppsin Acos A + 8 cos? ). (11)
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Fig.3 Computational result of L-shaped object deformation
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Fig.4 Experimental result of L-shaped object deformation
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