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Introduction Extreme deformation problems ‘
T ey 15

Hypervelocity impact
Impactand penetration
Blast loading

Metal cutting

Friction stir welding
Explosive welding
Sloshing
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Introduction

Lagrangiammethod
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 increasenputational cost
Fragmentation (discontinuity)
Nonphysical erosioalgorithm
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Introduction

Eulerian method
Mesh is fixed in space

No element distortions
Difficulties

Advection term
Representation of free boundayd material interface

Tracking of material deformation history
Dissipation and dispersion problems
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Introduction

Hybrid LagrangiarEulerian methods
Arbitrary LagrangiarEulerian (ALE)
The meshs notfixed in spaceor attached tonaterial
Insidethe domains Move arbitrarily to optimizeelement shape

Onthe boundarieand interfacesMove along withmaterials to
precisely track the boundaries and interfaces

Very complicated for 3D problems

5

http://www.me.sc.edu/research/jzuo/Contents/ALE/ALE_1.ht
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Introduction

Hybrid LagrangiarEulerian methods

PIC (Particle in Cell): Harlow and Evans, 1957
Fixed Eulerian cells are used to compute the conservation equations
6 Lagrange particles with mass and different material symbols Aare

~

O

~

O

used to identify differentaterials

Particleposition is updated by the four cefisarby

U = Alui+1,j+1+A§ui,j+1+%ui,j +A4ui+1,j
k DXDy

The computation of theansportation

6 Mass, momenturand energy are subtracted from

0
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thedonor cell and added to the acceptor cell.
Dnce” = rTL I:x)cell = n'LVceII; I:]Ecell = rr'<ecell
Mixed cell:internal energy incremeigan be
dividedby the volumepercent
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Introduction

Meshfreemethods

SPH o, iE. i F ,
EFG 39(1):1-36, 2009
RKPM , o : . ¥ /Springe#

RKPM: SF Li et al. SPH: SPH: -

&
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Introduction

Meshfreemethodsd SPH
V.6=pv

e

(V°G)1:p1v1 <= V'Gzz&VWJ(X)‘O-J

| =P u(X) = FuR)elx- X)W, py.
oLy !
v, =—2—Vw, 0, u"(x) =g w(x)u,
P; =1 P, )
N > 8!
Neighboring particlesearchi Time
consuming

Lessefficient than mesbased
Lagrangiammethods
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Introduction

SPH
AUTODYNS6.0T SPH b 150 (11.0 w200 )y ¢ ¥
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g UltraEdit DOS Command Window

. I This is the LS-DYNA Explicit Finite Element code.

Neither LSTC nor the authors assume any responsibility for
the validity, accuracy, or applicability of any results
obtained from this system. The user must verify his omun
results.
1;274,376 LSTC endeavors to make the L3-DYNA code as complete,
accurate and easy to use as possible.
Suggestions and comments are welcomed. Please report any

errors encountered in either the documentation or results
immediately to LSTC through your site focus.

Copyright (C) 1990-2003
by Livermore Software Technology Corp. (L&IC
All rights reseruved
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Introduction
Material Point Method
: , N ¥ , 2013
. The Material Point Method A ContinuumBased Particle
Method for Extreme Loading Case. Published by Else2{&6.10
q ' MPM3D-F90
http://www.comdyn.cn/downloads/mphbook

D' 201612-31)
http://www.comdyn.crshow/software/398npm3ddownload
Our Developments on MPM
MPM3D 7 A 3D explicit MPM code
Applications
Concluding remarks
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Material Point Method

Material Point MethodSulsky, Chen et. al. 1994)
An extension of the FLIP PIC method to solid mechanics

Discretizesa material domain by particlesoving through artulerian
background mesh

Fully Lagrangiamparticle method
Particles carry all state variables
Grid carries no permanent information
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Material Point Method Basic Formulation

In each time step
Particles are attached rigidly to a predefined requid: Statevariables

of particles are mapped to the grid nodes to establish their momentum
equations -
-1 k-1/2 _ 1/2 in
FEM' rn|k _a ITLN:; pll a n-l)\/( Np f ‘= a Nlpj iip ,,p
p
p|‘|<+1/2—p|k Va4 flk i Partlcle quadrature

\

After solving momentum equations on
grid nodes, results are mapped back to

theparticles to update their states
k

Ip "a Nlp i

k+1/2 —
Vip

y _l|<+1/2
Xt = AT N
Y p | rnlk Ip
The deformed grid is discarded
and anew regular grid is used Remesh
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Material Point Method

Basic Formulation

Material Point Method

Finite ElementMethod

o
mk = a- mpNIp

P

X2 k
—a mpva
p

Nodes carry mass, momentu

kint — 2 M\ Particle
fr"=-a Nlp,jsij quadrature
p D Vp

P = P+ DY

fx
Vi = v+

m
Xk+1 X k+112[1

k
ViI;+]J2 - a |I N [I
m'
k+1/2
Xk+1 — Xk + a N u
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Remesh
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Gauss points keep fixed in a
element, so it is unnecessary (o
recalculate their coordinates

vmputational Dynamics

IR FLRE




http:// www.comdyn.cn

Material Point Method Basic Formulation

O TheMPM procedure begins kgdiscretizing thenaterial

domain with a set of material points or particles. ot
np ) @ (] )
[®)
r(x)=a max - x.) e o o o
p=1
O Definea background computational mesh °
to cover the whole material domain il ‘
For each step ° || 0
O Mapthe mass and velocities of tharticles | © | ® | o |
ontothe background computational mesh T
k — 2 k — 2 k
m - a rnpNIp piI - a- ranipNIp ® \./
g . b . AR
O Integrate the grid nodal momentum equations,

and update the nodeglocities /\

. m
kint — _ b k+U2 _ A~k k ]
1:il =-a Nlp,jsijp r il ] + fil DX ®
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Material POint MethOd Basic Formulation
& Map the nodal results to the particles to update /\
thelrveIOC|ty, posmon strain, and stress
kU2 i \0/ .
V2 = a || SN Dt X =XE+ a—— - N DU |/~ p
|
+1/2 +112 k+1 k+1
élrp [)‘/vljp ! ! IJIO

O Discard thenleformecgrld, and employ aewregular backgroundrid in
the next time step

|
° N °® Q
0 o R ° ° 0
. 5 . o — ) 0 ) o
Q Q ) ® * * * ®
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Much more efficient than SPH
The critical time step size depend on the cell size
No neighboring particles search

SPH
Final configuration of the bar (top view)

~

. Comparison study of MPM and SPH in modeling hypervelocity impact prob
Internatlonal Journal of Impact Engineering36: 272282, 2009



