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Introduction

¸ Hyper velocity impact

¸ Impact and penetration 

¸ Blast loading

¸ Metal cutting

¸ Friction stir welding 

¸ Explosive welding

¸ Sloshing

Extreme deformation problems
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¸ Lagrangianmethod

¸ FEM mesh is attached to the material

¸ History-dependent constitutive models

¸ Material free surfaces or material interfaces

¸ Mesh distortion

¸ Deteriorate accuracy

¸ Decrease time step and increase computational cost

¸ Fragmentation (discontinuity)

¸ Nonphysical erosion algorithm

Introduction
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¸ Eulerian method

¸ Mesh is fixed in space

¸ No element distortions

¸ Difficulties

¸ Advection term

¸ Representation of free boundary and material interface

¸ Tracking of material deformation history

¸ Dissipation and dispersion problems

Introduction

t = 0

t = t0
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¸ Hybrid Lagrangian-Eulerian methods

¸ Arbitrary LagrangianEulerian (ALE)

¸ The mesh is not fixed in space or attached to material

¸ Inside the domains: Move arbitrarily to optimize element shape

¸ On the boundaries and interfaces: Move along with materials to 

precisely track the boundaries and interfaces

¸ Very complicated for 3D problems

Introduction

http://www.me.sc.edu/research/jzuo/Contents/ALE/ALE_1.htm
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¸ Hybrid Lagrangian-Eulerian methods

¸ PIC (Particle in Cell): Harlow and Evans, 1957

Õ Fixed Eulerian cells are used to compute the conservation equations

Õ Lagrange particles with mass and different material symbols are 

used to identify different materials

Õ Particle position is updated by the four cells nearby

¸ The computation of the transportation

Õ Mass, momentum and energy are subtracted from 

the donor cell and added to the acceptor cell.

Õ Mixed cell: internal energy increment can be 

divided by the volume percent

Introduction
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¸ Meshfree methods

¸ SPH

¸ EFG

¸ RKPM

¸ MLPG

¸ é é

Introduction

¸ , ↔ , ҉. , Ⱶ , 

39(1):1-36, 2009

¸ , ↔ . . ₮ /Springer₮
, 2004

RKPM: SF Li et al. SPH: SPH: ↔
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¸ Meshfreemethods ð SPH

¸ Neighboring particles search ïTime 

consuming

¸ Less efficient than mesh based 

Lagrangianmethods

Introduction
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AUTODYN -3DҬSPH ῤ
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Introduction SPH
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AUTODYN6.0ҬSPH Ҍ 150̓ (11.0 ҹ200̓ )̆ ↕₮

Introduction SPH
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Introduction SPH
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¸ Introduction

¸ Material Point Method

¸ . , ₮ , 2013

¸ . The Material Point Method- A Continuum-Based Particle 

Method for Extreme Loading Case. Published by Elsevier, 2016.10

¸ ף ̔MPM3D-F90

http://www.comdyn.cn/downloads/mpm-book

¸ ᴆ̔( 2016-12-31)

http://www.comdyn.cn/show/software/398-mpm3d-download

¸ Our Developments on MPM

¸ MPM3D ïA 3D explicit MPM code

¸ Applications

¸ Concluding remarks

Outline
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¸ Material Point Method (Sulsky, Chen et. al. 1994)

¸ An extension of the FLIP PIC method to solid mechanics

¸ Discretizes a material domain by particles moving through an Eulerian

background mesh

¸ Fully Lagrangianparticle method

¸ Particles carry all state variables 

¸ Grid carries no permanent information

Material Point Method
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¸ In each time step

¸ Particles are attached rigidly to a predefined regular grid. Statevariables 
of particles are mapped to the grid nodes to establish their momentum 
equations

¸ After solving momentum equations on 
grid nodes, results are mapped back to 
the particles to update their states.

¸ The deformed grid is discarded,
and a new regular grid is used 

Material Point Method
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Material Point Method

Material Point Method Finite Element Method
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For each step̔

Õ The MPM procedure begins by discretizing the material 

domain with a set of material points or particles. 

Õ Define a background computational mesh

to cover the whole material domain

̂3̃

Õ Map the mass and velocities of the particles 

onto the background computational mesh
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Material Point Method

Õ Integrate the grid nodal momentum equations, 

and update the nodal velocities
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Õ Map the nodal results to the particles to update 

their velocity, position, strain, and stress

Õ Discard the deformed grid,  and employ a new regular background grid in 

the next time step

Material Point Method
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¸ Much more efficient than SPH

¸ The critical time step size depend on the cell size

¸ No neighboring particles search

Material Point Method

҉̆ . Comparison study of MPM and SPH in modeling hypervelocity impact problems. 

International Journal of Impact Engineering36: 272-282, 2009

SPH                             MPM
Final configuration of the bar (top view)

Comparison with SPH


