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Realtime Integration Schemes for Continuum Mechanics Simulation Allowing
Nonsmoothness and Extreme Deformations
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Mechanical systems involving friction and contact are represented by differential
equations involving discontinuities, which are referred to as differential inclusions. They are
mathematically elegant but are cumbersome in numerical simulations. Moreover, if the system also involves
deformable continua and if the simulation needs to run in realtime, one must solve a huge system of
nonlinear equations every timestep, which is typically about 0.001 to 0.03s. Computational techniques
needed for such applications should assure the stability rather than quantitative accuracy or physical
faithfulness. Such requirements are different from those for conventional applications of simulation
software such as those for offline numerical analysis. In this research project, we have developed
various elemental computational techniques and mathematical tools to deal with mechanical systems
involving continua and discontinuities for realtime simulation.
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