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Optimality Investigation of Bending Stiffness
According to Particle Size Distribution
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As an interpretation of existing jamming effects, the main variables affecting the increase in
stiffness due to jamming are known as system density, jamming density, pressure, and particulate
temperature. The main variable, jamming density, is closely related to the distribution of particle size
and contact properties such as particle shape and friction. However, the complexity of these variables
makes it difficult to fully understand the mechanism of the jamming effect. In this paper, we focus on
the jamming effects of particles that have more elastic properties than particles such as sand and coffee
powder, which are commonly used as constituent particles of existing jamming, in order to reduce
complicated factors such as temperature and concentrate on jamming effects based on elastic character-
istics of particles. It was experimentally explored the possibility of increasing stiffness by mixing
particles of different sizes rather than simply increasing the bending stiffness by controlling the particle
size. Through simulations and experiments, we found a case where the stiffness of each particle size
distribution is larger than the stiffness of each particle size.

Variable-stiffness, Jamming Effect, Mixture, Size Distribution
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Fig. 1. Stiff-flop module performing bending with a (a) single-
chamber inflation and (b) two-chamber inflation; int (c)
elongation due to the inflation of all the three chambers
at the same time is demonstrated®”
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Fig. 5. Facet of simulated result
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Fig. 7. Components of soft robot model a) a thin latex
membrane, b) shperical particle of two different radius,
¢) a pnuematic connector for giving a negative pressure,
d) a nonwoven fabric
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