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Abstract

This paper introduces a new computational framework in LS-DYNA® to model joint failure
using particle method and perform large scale structural analysis with joints. This involves multiple
advanced numerical methods: Smoothed Particle Galerkin (SPG), bond-based failure model,
meshfree immerse method and two-scale method. SPG is a particle method with good numerical
stability, and is suitable for nonlinear large deformation analysis of various metal alloys used in car
bodies. Combined with bond-based failure model, SPG is the most efficient numerical tool to model
joint failure with no particle erosion, and significantly minimize numerical sensitivity on parameters
and meshes. Immerse method enables SPG to model composite materials (e.g. fiber reinforced plastic)
often used in lightweight vehicle. The advanced two-scale approach is able to efficiently bridge
parallel analyses in different scales: one is failure analysis of joints and their surrounding material
using SPG in the mesoscale; the other is large scale structural analysis. By doing this, the overall
numerical analysis is greatly enhanced with better reliability and predictability. Several numerical
examples are presented to demonstrate the uniqueness and effectiveness of this new module,
including manufacturing and performance analyses of flow drilling screw (FDS) to join metal plates,
self-piercing riveting (SPR) to join fiber-reinforced plastic and metal plates, and crash tube of shell
structure with multiple joints under impact loading.
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