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Abstract
Rubber filled with nano-filler such as carbon black and silica shows the reinforcement effect.
Though it is consider that the origin of reinforcement is relationship with the hierarchical structure of
ﬁller in rubber, the precise mechanism have been not well understood. In order to investigate the role
of ﬁller, we have performed the simultaneous measurements of time-resolved two-dimensional ultrasmall-angle x-ray scattering (2D-USAXS) and tensile property at SPring-8, Japan. Also, in order to
make the three-dimensional structure model of ﬁller from the results of 2D-USAXS measurements,
we developed the two-dimensional pattern Reverse Monte Carlo method (2Dp-RMC) with the help of
powerful computational resources of the Earth Simulator Center. We succeeded in the visualization
of structural changes of ﬁller under stretch from 2D-USAXS images with 2Dp-RMC calculations.
However, 2Dp-RMC cannot give the information about the behavior of rubber matrix. In order to
investigate the behavior of matrix rubber in filled rubber under stretch, the large-scale nonlinear
FEM code was developed at the Earth Simulator. This FEM code was made by the modiﬁcation of
FrontSTR code. The Aruuda-Boyce model and the viscous strain model were built in the constitutive
equation of rubber. The three-dimensional structure of filler in rubber decided by 2Dp-RMC was
used as the initial FEM model. The 100 million elements FEM model was divided the 128 blocks and
massively parallel calculation was carried out.
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