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Introduction Extreme deformation problems ‘
3 ey T

Hyper velocity impact
Impact and penetration
Blast loading

Metal cutting

Friction stir welding
Explosive welding
Sloshing

vmputational Dynamics
ITE ) F LR E
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Introduction

e Lagrangian method
FEM mesh is attached to the material
o History-dependent constitutive models
o Material free surfaces or material interfaces
Mesh distortion
o Deteriorate accuracy
o Decrease time step and increase computational cost
Fragmentation (discontinuity)
o Nonphysical erosion algorithm

AN
<Y
y 1 /1 :
% ) 2! % s
Ty L a7 %
%) . L
AR ! L LN
'y Vs L L L L
. . Al A AL
i) i
i ' ] A " pd _/ '

vmputational Dynamics
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Introduction

e Eulerian method
Mesh is fixed in space
o No element distortions
Difficulties
o Advection term
o Representation of free boundary and material interface

o Tracking of material deformation history
o Dissipation and dispersion problems

mputational Dynamics

School of Aerospace, Tsinghua University HRANFREE
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Introduction

e Hybrid Lagrangian-Eulerian methods
Arbitrary Lagrangian Eulerian (ALE)
o The mesh is not fixed in space or attached to material
o Inside the domains: Move arbitrarily to optimize element shape

o On the boundaries and interfaces: Move along with materials to
precisely track the boundaries and interfaces

o Very complicated for 3D problems

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

6/96

vmputational Dynamics
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Introduction

e Hybrid Lagrangian-Eulerian methods
PIC (Particle in Cell): Harlow and Evans, 1957
< Fixed Eulerian cells are used to compute the conservation equations
< Lagrange particles with mass and different material symbols are s

used to identify different materials serles
+ Particle position is updated by the four cells nearby [z2sis*:
_ Alui+1,j+1+A2ui,j+1+A3ui,j+A4ui+1,j b_EEE .:55
e DxDy 'ﬁﬁﬁggii
The computation of the transportation o x e
+ Mass, momentum and energy are subtracted from xx o
the donor cell and added to the acceptor cell. wm fex
Dmce" = mk Dpcell = mkvcell; DEvcell = mkecell
< Mixed cell: internal energy increment can be i AR
divided by the volume percent By ;
MIr+MIr=v I Kk
P=1(p..e). P=1(p,.e), = i+1

DmMpULarionadl LWynamics

i E

7/96 School of Aerospace, Tsinghua University
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Introduction

e Meshfree methods

SPH o KU, X, T b TR R RIS B, SR,

EFG 39(1):1-36, 2009

RKPM o KM, XA, Mg IE. 5T R H A /Springer i AR
-, 2004

RKPM: SF Li et al. SPH: F3& SPH: I3t xt

&
%\ m 71({17[[’(”1(7/-‘/,)\'”[1””’L‘.\‘
8/96 School of Aerospace, Tsinghua University ItRANFLBE
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Introduction

e Meshfree methods — SPH
V.-6=pv
ﬂ@amz AR AR D)

N

(V°G)1:p1v1 <= V'Gzz&VWJ(X)‘O-J
| 1P u(x) = [ u(@)d(x- AW, gy
1 & m, N
v, =—2,—Vw,-0 u"(x)=> w,(x)u
pr (0= 2w, (090,
N > 8|
Neighboring particles search — Time
consuming

Less efficient than mesh based
Lagrangian methods

m 711[(7H()lld[\/)\’ll(llﬂI'L'.‘

IR FERE
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Introduction

[T BE ERECEL ] (18 E

Energy Summary ( sph2 )

4+10"
3*10"
& 2+10" - ——
=
w
G
1#10"
— (1) Cur. energy
(2) Ref. energy
0*1¢’ — (3) Work done
— (4) Error
0.0 0.05 01 0.15

TIME (ms)

A717e404

)
4 [ ] Problem terminated .... energy error too large
.

sph2
Cycle 4661
Time 1.828E-001 ms

Units mm, mg, ms
. &

ElMiel | ..

IF’rob!ern!erminaled.‘.. energy eror too lar 1] tercesen
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Introduction SPH

75 U H
E[5)

ble| |/[=H | IGI%IJIBIGI it me] |

SPHMﬂ:&T

AUTODYN6 OEF‘ A1 15077 (11.0k% 4920079),

AU A a

Jlmlglllal'ﬁlilél 4 FEE

AUTODYN-3D v8.1 from Century Dynamics Material Location Parts View
sph [SPH, 1400000 Plots
AL 2024 I Settings
History
Slides
New Load Copy Save | Delete
View Slides
sph (SPH. 1400000)
Geometry [Zoning) Pack [Fill) Setup
Boundary | Gauges Motions Solver Materials
[JK Fange | Activation | Rename Print L
Boundaries
Select SPH object(s) to delete or pack:
sph (1000000 sph hodes) Parts
Component
Groups
Joins
< 3 | - Interaction
Pack Selected Object(s) T
w‘lé BRF opras Torainatioe @ Delete &l SPH Delete Nodes In Object . Parallel
ceshi Delete InXY Box Delete Single Node Controls
1] Memory allocation error in MEMALLOC
Cycle 0 A Output
Time 0.000E+J00 ms
Units mm, mg, ms User var.
Creating SPH nodes [CIMlE] Run
ek i B

om Ww
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Introduction

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 }DTi)\E\; 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.

XX XK X X X X X X X X X X X

Copyright (C) 1990-2003
by Livermore Software Technology Corp. (L&IC
All rights reseruved

LS-DYNA
970.5434 Hi4E

970s.6763.169
I WATL.12G

wxsoooe notice secsoooo notice e O TR L Er G2 ME YA IO E S SR

input of data is completed A AT R (S A R,

initial kinetic energy = 0.30034916E+08

FTMARRAE E . g 8

} initialization completed B ® ()

EMON  ANSYS
ools  Produc... @ "0x00003b80" 354 2| [ "0x00003b80" F177. ZPITEA 8L 4 "read".

L
£ BRALIEF, HEEHRE
BELYEE TERIZF, BEET TN

» .
a wE | e |
brton SmartD...

utational ‘Dynamic

itE N F5EH

b
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2004 g g ok s T i) o
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Outline

Introduction

Material Point Method
HKHESE . MR R, T H K ik, 2013
5k 155, The Material Point Method - A Continuum-Based Particle
Method for Extreme Loading Case. Published by Elsevier, 2016.10
FFEACHS: MPM3D-F90
http://www.comdyn.cn/downloads/mpm-book

WA (Bl H3#H2016-12-31)
http://www.comdyn.cn/show/software/398-mpm3d-download
Our Developments on MPM
MPM3D - A 3D explicit MPM code
Applications
Concluding remarks

mputational Dynamics
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Material Point Method

e 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 Lagrangian particle method
o Particles carry all state variables
o Grid carries no permanent information

mputational Dynamics
ITE ) F LR E

15/96 School of Aerospace, Tsinghua University
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Material Point Method Basic Formulation

e Ineach time step
Particles are attached rigidly to a predefined regular grid. State variables

( of particles are mapped to the grid nodes to establish their momentum
equations
k-1/2 k=1/2 Ny k in
FEM { mr:ZmpNﬁo Pil va Nip fi' = ZNHOJ upp
p
p.lfﬂ/z_p.lf -z f“kAtk Partlcle quadrature

\

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

fi
Vie M2 =Vip + > —— NpAt

-----------------------------------------------------------------------

k+l — vk il
Xi|0+ _Xip+z N

The deformed grid is discarded, o _' | ny
and a new regular grid isused ~ Remesh =70+ 5, )(1+’7’79)

zfﬁzjﬂ—r;ﬂ““”"

16/96 School of Aerospace, Tsinghua University
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Material Point Method

Basic Formulation

Material Point Method

Finite Element Method

kK — & N k— 2 k7
m=amn,, p,=amy, I, Nodes carry mass, momentum
p p
kint _ Particle M= N s dV
Ja = -aN % quadrature Ji wo L
Vp - _ZNIq,jSij Vq
q
k
k2 k k f,
= k+12 __ _k 1
Py p,* Dt g =y, + =Dt
my;
k+1 k+1/2
X, =x, +v "Dt
k+1/2 Z le Gauss points keep fixed in a
element, so it is unnecessary to
D kﬂjz recalculate their coordinates
xkt=xk 4y 2L N Dy Remesh
ip ip mk Ip
! I

17/96
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Material Point Method Basic Formulation

< The MPM procedure begins by discretizing the material

domain with a set of material points or particles. st
’g ° e o o
Hx)= ampa'(xl. - xip) e o o o
p=1 .
< Define a background computational mesh °
to cover the whole material domain b I -2
For each step: o B o
<~ Map the mass and velocities of the particles | e ||

onto the background computational mesh .

k (®)
m, = am N am le o \./
VARN
< Integrate the grid nodal momentum equations,

and update the nodal velocities /\

m k+1/ 2 yd

k,int p
Ji __a Ip.j UPT Py +fzIDt ®

om 7llft7fI'OIIJ/‘~/)\'HLIHII'L’.\‘

IR FLRE
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Material POint MethOd Basic Formulation
&~ Map the nodal results to the particles to update /\
theirvelocity, position strain, and stress
k+1/2 f 1 kel = -k P iljﬂjz \./ .
Z N Dt x =X, +Z—kNIth VAR /

1 1

D k+112 DWk+]J2 ’,Jf+1 k+1

< Dlscard the deformed grld, and employ a new regular background grid in
the next time step

|
° . ) Q
0 o R ° ° 0
. 5 . o — ° 0 ) o
) Q ° ® ® * ' ®

mputational Dynamics

IR FLRE
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e Much more efficient than SPH
The critical time step size depend on the cell size
No neighboring particles search

= LS-DYNA SPH

5t - MPM
IEENIILS

4|  LS-DYNASPH: 106/

MPM: 353/

CPU time per step (s)
[\ (O8]

0 OI.2 OI.4 0I.6 OI.8 ; . . .
Np(105) Final configuration of the bar (top view)

L, |, 5KEESE. Comparison study of MPM and SPH in modeling hypervelocity impact problems.
International Journal of Impact Engineering 36: 272-282, 2009
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Material Point Method Material Point Method

e Combines the advantages of Lagrangian and Eulerian methods
No mesh distortion and element entanglement
History-dependent constitutive models
Free surfaces or multiple materials

Promising in modeling extreme deformation and material
discontinuities
e Compared with FEM
Particle quadrature instead of Gauss quadrature
Remesh in every time step
Take use of both grid and particle data == Efficient implementation

Less accurate, less efficient, and more storage usage for small
deformation problem == Combined with other methods

vmputational Dynamics
ITE ) F LR E
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Outline

e Introduction

e Material Point Method

e Our Developments on MPM
Efficient implementation

Adaptive particle split

Improved Contact Method

Efficient implementation

Hanging Node Adaption

Moving Tied interface grid

Parallel MPM
Combined with other methods
o Combined with Finite Element Method
o Combined with Finite Difference Method
o Combined with Molecular Dynamics

e MPM3D — A 3D explicit MPM code

e Applications

Concluding remarks

mputational Dynamics
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Our Developments on MPM Adaptive particle split
Numerical fracture Accumulated strain: e_ =) De* = D' Dt
k k
O

Characteristic particle length: L = (1+¢,,)3V,

-
-
-

Splitting criterion: L > ad,

Split: mass, volume, internal energy

- -

0.5ad,

A
v

I b 3k#ESE. Simulation of high explosive explosion using adaptive material point method.
CMES 39(2):101-123, 2009
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Our Developments on MPM

Improved Contact Method

.............................................................................................................................

o r 5

Norma

< Local multi-grid

A
Z

9% =
101
y
> 11
it
ey

1
A . NV T
B L e —

¥ i

=9
L

,

o P/, 5KHESE. Contact Algorithms for the Material Point Method in Impact and Penetration
Simulation. International Journal for Numerical Methods in Engineering 85(4): 498-517, 2011

o ILEL¥E, FKMEZE. An Object-Oriented MPM Framework for Simulation of Large Deformation
and Contact of Numerous Grains. CMES 55(1): 61-88, 2010.
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Our Developments on MPM Improved Contact Method

CPU time | Memory

Np/Ng Reduced Reduced FA PP P20 9090900999999 99999999999%999%4%9%914

PE 4444440444444 4 4444440444040 4 4440040444
200,864/ 95,89, 49,79, @O0 di ©O00EB000D g 8009EEE000 g 0600

.070 70 i 3
170,688

3 big disks
207 small disks

mputational Dynamics
ITES N FERE
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Our Developments on MPM Efficient implementation

e Dynamic grid
Cells are dynamically created when occupied by at least one particle
Reduce CPU time and memory requirement significantly

14%

12%

10%

8% -

6%

Percentage

4% |
2%
0%

0.00 0.04 0.08 0.12 0.16 0.20 0.24
Time(ms)

e Moving grid
Adjust grid according to the position of particles to just cove all bodies
d Reduce the number of void cells

L &V, 5Kk IEZE. An Object-Oriented MPM Framework for Simulation of Large Deformation and
Contact of Numerous Grains. CMES, 55(1): 61-88, 2010.
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Our Developments on MPM Hanging Node Adaption

1
Zé E :
4
3
5
2
-+
3

Hanging
nodes

R T HE BRI i v ] RN FH R
e e e e o e e e

Case 1 Case 2 Case 3

e
nodes particles
Case 1 9075 45620 21 m
Case 2 72116 365206 5h25m
Case 3 15176 79830 1h42m Case 1 | Case 2 Case 3

B, e K, 5k iEZE. A Mesh-Grading Material Point Method and Its Parallelization for
Problems with Localized Extreme Deformation. CMAME. 289(1): 291-315, 2015.
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Our Developments on MPM Moving Tied interface grid

Background grid QO Master nodes: 1, I, III, VI, . . .
o Slavenodes: a, b, ¢, . ..

= N I'Q o—Q1I I@ D1l 1€

o

1

[ U—fLQb ¢ Y L

¢ :
VIQ———QJII VI b _om  VI—= il

Coarse grid Refined grid @) b ()
» ]
B i 2 5 LA B A
Fixed coarse grid

Moving refined grid rPr—=— === = | r— | T 7/ [

-2 ! -
Penetrator :l:_): | Target | ||:.'.>| | : :I:>| |

R — I [ - omm =
| I |
— >V I I I
e === J ===

(a) (b) (c)

B, 7Kk #ESE. Tied interface grid material point method for problems with localized extreme
deformation. International Journal of Impact Engineering, 70:50-61, 2014.
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Our Developments on MPM Parallel MPM

e Massive Parallel Processing (MPI)
Background grid decomposition

. _ HP DL140G3 server
g I;I;)r(tifcsles 5100/0 Taylor bar impact e 2 Quad-Core Intel
oo o o o o & Without -O3  —=—Model1 X 2 66GH
Ol 00| 0] 0]0]|F % —&—Model2 ] con 2. Z
oo 3 —A— Model3 Processors
0| 0| 0] 00|05 Modeld e 3 GB memory
1 0 I 0 7 0 To 7 0 I 0 [ 9% particles: | |
[ T Model 1: 56,05 ————
oo lo|o]|, o0 s Model 2: 244,524 2100 % With -O3
o o o o o ' Model 3: 1,155,192 S ool optimization
~ Computational Domain Model 4: 12,416,320 &
Patchl i Patch2 809 n 1 1 1 LT 80%
| S P 2 3 4 5 6 7 —— Modell
OO 0 0 : 0 0 0 Number of thri&S 0% ¢ xogeg
0 | @ O O O 60%. +M0de14
0L o[ O[99 09 | Requiressignificant modification . o0
""""""""""""" o 555 to the original code 01 2 3 4567 809
ol o|ol|i% |o]o reads
9 0”0 o——o TEE, FKKEZE. Shared Memory OpenMP Parallelization of
0L 1% o] | Explicit MPM and Its Application to Hypervelocity Impact.

AT poina CMES 38(2):119-148, 2008
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Our Developments on MPM Parallel MPM

e Symmetric multiprocessing (OpenMP)

Alternated grid updating method to avoid data race
1. Divide the computing domain along the direction selected
2. Each part is further divided into two groups
3. Each thread update its L group
4. A barrier is set
5. Each thread upate its R group

thread O (part 0) thread I (part 1)

________________________________________ |

o \__Lgroup _ Rgroup | Lgroup _ Rgroup |

Requires minor modificationto 11 ' ]
|

. ,|®®|/® ®f00 /00 @ee|®®o00|0O0]|!]!

original code ::-- ®® |00 |00 ee|eeloo un:i

l:ll ®e® |00 00c|e®| ge00 | 00|/

l|/#®|/eej0O0lc0]e®|eej00 ng:l

'|lee|eeloooo|lee|eeloo|oo],!

|l®e® e @00 00C|e e e el0o0 ©o|!!

:'_ _______ I N L________!:

—_——— e e e e e e ——— =

= direction ol decomposition

sKATHE, Sk HESE. An alternated grid updating parallel algorithm for material point method using
OpenMP. CMES: Computer Modeling in Engineering & Sciences, 69(2): 143-165, 2010
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Material Point Finite
Our Developments on MPM Element Method

e Material domain is discretized by a mesh of finite elements
e A predefined grid is placed in the potential large deformation zone
e Momentum equations are solved on

Background grid — large deformation zone FE mesh
FE mesh — elsewhere .4
| grid
grid vanishes ~ FEM J/
MPFEM —

grid covers entire domain

~ MPM

Large deformation region

gk, KY Sze Z%. An explicit material point finite element method for hyper velocity impact.
International Journal for Numerical Methods in Engineering 66: 689 ~706, 2006
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Our Developments on MPM Coupled FE-MP method
5

g

. / MPM
{ ‘-~ ﬂLocal multi-

N mesh contact

Body r a ! Body s I:I cell
™ » ® |FP--=-=-ft-=-==-- o
L e e e o grid point
o O >
l o o o o : e particle
bl |1 I
[ L 4  J I I
e e e el element
1 L1 .
1 1
cl [V ® ¢ & e e FEnode
1 1
* ® S T S -
Q; Qum a,b,c: hybrid nodes

o Discretize different bodies by FEM and MPM, respectively

o Interaction between bodies is handled by contact methods
o JE¥fT:, kMEZE. Coupling of finite element method with material point method by local
multi-mesh contact method. CMAME 200: 3482-3494, 2011

o [RAEME, HX{SHH, FKMEZE. Improved coupling of finite element method with material point
method based on a particle-to-surface contact algorithm. CMAME 293(15): 1-19, 2015
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Our Developments on MPM Coupled shell-particle

e Coupled shell-particle method

Belytschko and Tsay 1981
Point-surface contact
e Adaptive shell-particle method
Conversion criteria
o Element aspect ratio
o Plastic strain

Conversion method
o Nip layers in the thickness direction

o Nx XNy particles in each layer 2
0 —— LS-DYNA SPH
_______________________ E o —— ICFEMP
e © © © : - _\\ z 4 —— Penalty
e 0 @ © i - \LNID / § o
i J {/ =
e o ¢ o I ® \ é 8k
U RN o

wnamics

33/96 School of Aerospace, Tsi ™ o5 1 15 2 25 3 0%

Time/s w1073
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Our Developments on MPM Adaptive FE - MP Method

e Distorted elements are adaptively converted into MPM particles
e When to convert — avoid element distortion
e Effective plastic strain
e Critical time step
e How to convert
e Conservation of mass/momentum/ energy
o New particles are placed at (0.5, =0.5, =0.5) 3

0 ]
_E:.. OO _E:.. .I
O .

e After conversion

e Particles and remaining elements are
coupled in a similar way to that used
in MPFEM

YP Lian, X Zhang, et al. An adaptive finite element material point method and its application in
extreme deformation problems. CMAME 241-244 (1): 275~285, 2012

ZP Chen, XM Qiu, X Zhang, et al. Improved coupling of finite element method with material
point method based on a particle-to-surface contact algorithm. CMAME 293(15): 1-19, 2015
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Our Developments on MPM Hybrid FE-MP method

e Plain concrete is discretized into particles

e Rebars are discretized into bar elements (rebar elements)
Rebar nodes carry kinematic variables
Rebar elements carry history variables

e All the rebar nodes and particles move in the same single-valued velocity

field Concretle particle
_ Rebar Cell
Plain concrete eba o olo old ol o ﬁ
Reinforced I g
o] (o] (e} (o] (o] o] o] (o]
concrete rebar element
o o o o o X o ° o+
o o) L 4 ® * *
° %1%l °[° °1° °| rebarnode
o o o o) o o o o ﬁ
° » —» o]

o) o) fo) o) o o fo) o) GI'ld POiIlt

[ ]
o o [e] o] o o [e] (o]

B, sKEESE. A FEMP method and its application in modeling dynamic response of
reinforced concrete subjected to impact loading. Computer Methods in Applied Mechanics &
Engineering, 200(17-20): 1659-1670, 2011.
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Our Developments on MPM

MPM-MD
Hierarchical multiscale

A S R AEMAR, FEVRS T RERE W R A AT
M D *ﬁ j:y\ 1004  © MD Results i:: \ — MD Results
E’ V’ P’ T gsc— gmo-
% \g 80 -
" E 40 E 60 -
GRAY =%
\‘% ]
GRAY EOS ¢ 0.(;80 0.(I)85 0,(;90 0.(;95 0.1I00 0.1I05 0.1I10 Tl|15 0 0.(;75 0.(;80 0.(;85 0.(;90 0.(;95 0.1I00 0.1I05 0.1I10 0.1I15
J Volume(cnr') Volume(cnr')
293K ZE5 5 1K 4 Hh 2% Hugonioth £
MPM R
GRAYZ#( Vy(cm’/g) C(cm/us) S vo a g«(kJ/(moleK?)) Tn(K)
R EUE 0.1118 0.394 1.489 197 1.5 4.9x10~ 1790
MD#L&1H 0.1119 0398 1.301 1.86 1.7 8.3x10°7/ \2006

Xe, TN,

5K . A Multiscale Framework for High-velocity Impact Process with

Combined Material Point Method and Molecular Dynamics. International Journal of Mechanics
and Materials in Design. 9(2): 127-139, 2013.
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MPM-MD
Our Developments on MPM Hierarchical multiscale

b

v=5.75 km/s

S HE SRR S

S/U G/°C = A

| Wwo0g

ww ¢y
I
=a
O
<

S/ury €279

wg o/

Cu

ungy'g

v=6.23 km/s

wug()g
!
2
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Our Developments on MPM Smoothed Molecular Dynamics

e The high-frequency components can be eliminated by
a mean force field approach in which the force field is obtained by an
averaging process over the fastest degrees of motion. [Reich (1995)]
attaching the atoms to a regular background grid

£ £ 0 0 o

e ol o ol B R T The grid filter out the high frequency motion
S WP PR WP TR that can not be represented by the grid, which
.'.'.'.'.'.i'."'.'.'.'. depends on the grid cell size
-'-‘--l‘-..--.-'-.. - _ (@)

i ...EF---."'--.-.H' ..-“".l 7 ﬂ_aNJ(n)fJ
L RN RN SO BE SN
ey hal, g
P PR M R 2 —> The motion of atoms are
P PP AP PP b rl:aNJ(rl)rJ smoothed

J

Y Liu, X Zhang, et al. Smoothed Molecular Dynamics for Large Step
Time Integration. CMES, 20(3): 177-192, 2007

om 7112&7!l'mmlﬂ~/)\'m11/11'[.\‘
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Our Developments on MPM

Combination of MD and SMD

e The grid filter out the high frequency motion that cannot be represented by

the grid

e SMD fails in some case where the atomic resolution is required to capture

the high frequency motion
dislocation
crack
bond breakage
bond formation
e No interface zone
e No need to reduce mesh size

MD +
(Localized region)

SMD
(Far-field region)

Concurrent multiscale coupling

39/96

—O

MD region
D¢

cr

"+ | SMD region

N

. . . . e o o o

O

= .0 DtSMD > DtMD
. cr cr

£ )
7

Atom
O Node

Multiple-time-step coupling of MD and SMD

School of Aerospace, Tsinghua University
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Our Developments on MPM Crack Propogation

Coupling

T R, W, R RO TR R
40/91 50Fsh i a . tHEY#, 25(6): 718-724, 2008
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Our Developments on MPM Weakly compressible MPM

Weakly compressible EOS  p = c’r
Density fluctuation: §=Ap/ p,=vi/c?  dE£1% == c¢=10v

08

55l s Experiment | s Experimen
== = MPM == = MPM

2_

15+

1F

Impact pressure(KPa)

05

0

o5

05 1 15 2 25 3 35 4 45 3

Time (s) Frequency (Hz)
t=63.69s t=64.28s t=64.87s t=65.46s
Dr=55x107"°s Pressure is not smooth

JG Li, Y Hamamoto, Y Liu, X Zhang. Sloshing impact simulation with material point method and
its experimental validations. Computers & Fluids, 103(1): 86 ~ 99, 2014
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Our Developments on MPM Incompressible fluid

=—le+lV-r+b
P P
Operator split:

dv _ %v.ﬁb —_— ="+ At(%V-*L' + b) (explicit MPM)

dr
dv _ _1 - % 0yl v, Voy"™=0 o u_ I *
ds er—bv -V Dt er —Vp _Wv.v

00 PPE is solved by collocating at cell centers (pressure Poisson equation)

0 Level set is used to construct the free surface

A
i, j
LN

o o

o(U,V) o(p,f)

Seml-\Staggered grid Pressure boundary condition am break simulation

F Zhang, X Zhang, et al. Incompressible material point method for free surface flow. Journal of
Computational Physics. 330: 92-110, 2017.
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Our Developments on MPM TEMREERESE

o BIRZEDZ: (FDM) Rfgr AL 7 EL

e MPMR fig o o BRI [ #5-S Br B

s KJE T MPMESFDM (8] [{ T 48 564 7 15

s TR RIE T FDMATMPMLE BEVE 0] RS- B FRI A 4

MR E S HHEEIEM
MPM FDM(cell-centered) MPM
DAETNTZS HHRJE

MPM-FDM MPM " Autodyn

BEVRLR, 5KEEZE. An alternating finite difference material point method for numerical
simulation of high explosive explosion problems. CMES, 92(5): 507-538, 2013
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Our Developments on MPM IEAMREARESE

i ] 15 DX 3k

FDM “PRTX

_____ F _Ilfig_r?g_iPD_F_D_l\_/I_r_egi_o?_______\ FSI region
! o——— —_— i
: le 8| 8| 00| oo | A o] ® cell-centers
: ° ° ° E #%s | #% ‘0% | oo | A A E © air particles
| 1T 1 1 .
! s s o | Ba® | Bo® (00| oA A A A structure particles
: o8| %% o% | oA| AA E # particles in bridge region
: o o o :" EARE : ©° | AA| AA ! o fictitious points for FDM region
: %% | % | 90| A A|l AA|}| o interface nodes for MPM region
1 @ e e e e — - - N 1
""" 0 o kwll kw -k ktl m
——— MPM region
1 AN XA o A2 4 . e A 40 i <7 AR 1 O iE
2. P X I TRD 9B e S5 2080 ) 42 |

R %, Tk HESE. A coupled finite difference material point method and its application in explosion
simulation, CMES: Computer Modeling in Engineering & Sciences. 98(6): 565-599, 2014
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Outline

e Introduction

e Material Point Method

e Our Developments on MPM

e MPMa3D — A 3D explicit MPM code
e Applications

e Concluding remarks
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MPM3D - 3D explicit MPM code

o HRTHA
CMake — 51 & MR P A AT R4

http://www.cmake.org

VTK — B 5. SKRFIFHATH R HL TR %,
http://www.vtk.org

Qt — -1 5 HC++ & - F i b AR P 2
http:/gt.digia.com

SVN. Git — JEACH AR (Prsidsk. BRI
http://subversion.tigris.org

http://git-scm.com

ParaView — 51 & 1) —4E R = 4E 50405 70 AT A AL FE e (GFAT) s
http://www.paraview.org

QXMLEdit — #5F & IIxmlZw i a5 ;

Kdiff. DiffMerge — SCAIIF RS & 9F TR

mputational Dynamics

School of Aerospace, Tsinghua University HRANFREE



http://www.comdyn.cn

MPM3D - 3D explicit MPM code

e MPM3D solver

Algorithm
e MPM/GIMP (USF, USL & MUSL); iMPM
o FEM/FEM-MPM
o FDM/FDM-MPM
Material models
o Elasticity, plasticity (hardening, temperature, strain rate)
e Fluid, High explosive
o Metal, Concrete, Ceramic, rubber, Foam, Soil ...
Equation of states
e Solid
e Fluid
e High explosive
Failure models
o Hydrodynamic tensile failure; Effective plastic strain
o Principal stress failure; Principal strain failure

® GRHESE. M L. TEHR RS A, 2013.9

® K/ESE. The Material Point Method - A Continuum-Based Particle Method for Extreme Loading Case.
Published by Elsevier, 2016.11.

® MPM3D-F90: Open source version
® MPMa3D: Free trial until 12-31-2016
http://mpm3d.comdyn.cn
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MPM3D - 3D explicit MPM code

e Graphical User Interface (GUI)
Preprocessor
e Create 3D solid models & Particle discretization
o Setup solution parameters
o Generate input data for solver
Solution process monitor
o Call MPM3D solver to solve the model
o Real Time Monitoring (Energy, momentum, animation)
o Interactive steering (Pause/Resume/Restart/Stop)
o Auto-testing
Postprocessor
o Solver = ParaView (http://www.paraview.orq)
Cross platform (Windows, Linux, Mac OS X)

vmputational Dynamics
ITE ) F LR E

48/96 School of Aerospace, Tsinghua University


http://www.paraview.org

http://www.comdyn.cn

MPM3D - 3D explicit MPM code

" PeneBlast

File Edit View

Preprocessor .

SIS

B || Job properties

5

R

Job Browser

1

[ test
[ FreDataSet
- componentl

S component?

~Cylinde
L Ogive

Job properties

HName

bbb a

| [1elq

| WorkPlane | Grid |

// // // Z
Y //
be
dy //
Fi:
Yo = Z
X X,
Grid size
Coordinate Boundary Tpye
0 (Left) |0 | [Free v
xl (Right) 10 | [Free v|
¥0 (Bottom) {0 HFree v‘
¥l (Top) |10 ‘ lFree v]
0 (Back) |0 | [Free v/
21 (Front) |10 | [Free v
Cell size
dex dey dez

Contact | Detonation H_§4Eﬁ

|

L

WorkPlane | Grid | Contact ] Detonation |?4E'_‘

New Apply Delete
Detonation pointsiplanes
Type Lighting Time
= point v 0.0
Detonation point
X z
0.0 0.0 0.0
Type Lighting Time
| = l plane v 0.0
Detonation plane
Direction % | 0.0
Left bottom 0.0 5.0
Right top 0.0 5.0

ular Bodies

|£

& )m 11

School of Aerospace, Tsinghua University
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MPM3D - 3D explicit MPM code Real time monitoring

® 2 (AR B AP P2 e E
s Cerr—— r— P Y e R FCE e . R [
dutout Hossare WEOJx

DT iz controled by particle 57035 in bodw 1 with op + |w| = 7E86L1.15 o

step= 1035 T=0.0520302 DT=4.88511e-005 HK.E.=5.20495=+006
T.E.=6.68145e+006 T.M.X.=23273 T.M.¥.=-1.43245e-011 T.M.Z.=-458.42
DT iz controled by particle 50985 in body 1 with cp + |w| = §183.13

step= 1074 T=0.0540144 DT=5.04194e-005 K.E.=5.13923e+006
T.E.=6.68096e+006 T.M.X¥.=23273 T.M.¥.=6.1390%=-012 T.M.Z.=-442.715
DT is controled by particle 44935 in body 1 with cp + [w| = 7933.45

step= 1114 T=0.0560391 DT=5.15252e-005 K.E.=5.0750%e4+006
T.E.=6.068053e+006 T.M.X.=23273 T.M.Y.=-3.456058e-011 T.M.Z.=-436.455
DT iz controled by particle 69027 in bodw 1 with op + |w| = 7717.81

ztep= 1152 T=0.058008 DT=4,33363=-005 K.E.=5.01557e+006
T.E.=6.67933e4+006 T.M.¥.=23273 T.M.¥.=-1.04592Ze-011 T.M.Z.=-422.677
DT iz controled by particle 2866 in body 0 with cp + |w| = §107.62
1057 Particles Failed!

step= 1192 T=0.0600466 DT=5.16725e-005 FK.E.=4.95379e+006

w
T = 2aaa Lo ha i . Lr] T M nSneaa ol ™ ™M AL 0l
Clear l [ Clase
Animation Wiew B X
B. TOet+06
Energy, momentum, | ¢ suo - -
- - E T —o—n-
= o]
animation T 5 eseton ——
=
B BEetlE + T T T T T T T T T T T T
0. 00 5. 00e-03 0.01 0.01 0.02 0.02 0. 03 0.03 0. 04 0. 04 0.05 0.05 0. 06 0. 06
Time Step
BEREEERR 23%
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MPM3D - 3D explicit MPM code

peneblast

File Edit View Sources
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Filters

Animation Simulation Tools

Help Translate Models
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Outline

e Introduction
e Material Point Method
e Our Developments on MPM
e MPM3D — A 3D explicit MPM code
e Applications
Hypervelocity impact
Impact/Penetration
Blast loading
Slope failure
Metal cutting
Fracture simulation
Free surface flow
Fluid-structure interaction
e Concluding remarks
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Applications Crater forming

® Impact velocity: 6.0 km/s

® Projectile mass: 0.5¢ |

® L =80mm, H =40mm

® 1,024,224 particles

® Run 1h 55min P4 2.8G PC for
simulation time of 32ms

® Time step size = 46.2 us

® Steps: 692 steps

Deepness |Crater diameterDeepness/Di
(mm) (mm) ameter

Experiment*| 14 25.4 55
EPIC 18 24 75
MESA 15.9 28 57
SPH 17.3 26 67
CALE 15.1 24.4 62
MPM3D 14 25 56

dynamics

~ ll5
53/96 School of Aerospace, Tsinghua University N[BT AIATEEE
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Applications Debris cloud

Projectile:  Lead sphere, r =7.5mm, m = 20g
Target: Lead plate, t =6.35 mm
Impact velocity: v,=6.58 km/s
Material model

m Elastic-plastic constitutive model

m  Mie-Grineisen EOS
e Material failure model

m Tensile Failure (P,,;, = —1500 MPa) g_gg ngcz:Oprreoéescs)grs

m Plastic Strain Failure (g,,c= 3.0) (OpenMP): 1.93h

The debris cloud at 30.6 ps
| 200mm 198 mm

wwl ST

. (oJi 1zMIi'mm/‘-/)\')1‘1/11111\;7
_ 13,542,030 particles (@ vrrrrimrin
3SPACe, Tsilig s Srirverany W’*g IIEREE

S~ Experimental radiograph e

54/96 (Anderson, 1990)
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Applications Space debris shielding

Aluminum foam
(built from CT images)

The first bumper after impact The second bumper after impact

EXxperiment

Experiment i =
2190m/s 3410m/s 4060m/s 2190m/s 3410m/s 4060m/s

Siediakd

y LT v
s v v
v e
% 'v' :
W - ¥
SARSS o
__g;‘c:ﬂrrr e 15‘?‘*: B

2190m/s  3410m/s . 4060m/s ol00mis T 3a10mis . 4060mis

B, XA, TKHEZE. Numerical Investigation on Dynamical Response of Aluminum Foam
Subject to Hypervelocity Impact With Material Point Method. CMES 83(5): 527-545, 2012
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Applications
] MPM Result
) Experiment Result{Sun, 1994) -
0.5:— " 4
QUD.S— me
SRl
‘I Depth-to-diameter ratio
0 20{);; (m/S) . OO_I — Il{;()t]l — IZUIO:]I — |30I{}0| — IAI[!I{]'()I — ISU{)D
2 v, (m/s)
[ W MR Oblique impact: the depth-to-diameter ratio
o Efiiti LN, BRHARYERIT
- o ZH T RHEMITIR. STA AR
o 'F

XI5, X%, 3K HE. Investigation on High-Velocity
Impact of Micron Particles using Material Point
Method. International Journal of Impact

Compared to Engineering. 75: 241-254, 2015
n erlnplrlcal forrpula

56/¢ N, G - *Aerospace, Tsinghua University

05
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Applications RrgEEAR R

o PR Vb A PR A b o - LA ST B A 5
o il VHURPE R BB A i AR 455 2 5\

0.5mg/cm?
1500m/s, 30°

Top view slice

XIF, XA, 5K, Investigation on High-Velocity Impact of Micron Particles using Material
Point Method. International Journal of Impact Engineering. 75: 241-254, 2015
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Applications Honeycomb
AL O RUR 0 P B PR
w@ o R -TNCE AL B AR, B 5 T s

Pede e GRERK. SRARWE
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o Iy T T o I SR AN

e
e

————————— .",' | A | "
! i 1 flf: 'ji - !‘\E -- Y “deln
I o 1 \\ | - 4 = D J SR SR . X
I i _ | % s 5V : BENS . [ A
I o 0 \ : i e g0 T A W Sl e 1o 8 o T e R e o o N
I §95§[§: ;! \\ ‘ / 3 : . . . P BRS o a em b e YR
I oiut"l 0 o A ) ; 2n, ' —FP)/}L‘\H}:I:/ jt )
I ggéf I m:ﬁ"k Y\ ! 2 ity Dli LA s
_____ 66168 . ijerp 'y g
A 1 HIG; i
| DO:DD 1 : I v i 1: g _
! §§:§§ ! ¢ i ' i ] i £ch m = Zg
| £880 I ’ A\ | ] 2
i ug; o i / - :J'.:x_ ___}g_ ___________ }_ ............ -
LS ') WY / / v, =4500m/s
! ""I_k"" |,.r! i 1 i E 1 | E |
--------- \=D, | =D, =D, |
12 i 2 i2 i
———r——

X, X, . Internai-struciqre-model Based Simulation Research of Shielding Properties of
Honeycomb Sandwich Panel Subjected to High-Velocity Impact. 1JIE. 77:120 - 133, 2015.
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Applications Honeycomb

e 68 SN S I AR IR At e S AT A U M 5 A

Projectile
; dp
* [ESH
» O DH
025} O XSDH [
vV YSDH
0.2
=015 * *
n *
%* O
0.1
o
8 o o (o}
0.05+ o § LY \% v

U | 1 1 1 1
2500 3000 3500 4000 4500 5000 5500
vp(m/s)

The residual energy is obviously decreased

o XII°F, XA, 9Kk, Mechanics Research Communications. 69:34~39, 2015.
o XIPF, Xil%A, 5Kk, International Journal of Mechanics and Materials in Design. 12(2): 241-254, 2016
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Applications Honeycomb
LD N IR RESY Al 5 gri SR itk P <
PR —IRR WE R R A v =5km/s, ¢ =18ms
1 R{EANS N Y SRR W

! L4
A L | S i

Final configurations panet 5y panel DH panel

o XII°F, XA, 9Kk, Mechanics Research Communications. 69:34~39, 2015.
o XIPF, Xil%A, 5Kk, International Journal of Mechanics and Materials in Design. 12(2): 241-254, 2016
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Applications Honeycomb

i 55 B G M T EE . ARSERE RIS e
EIEEEE N AlIE AR FIE R

Drear
=110

10.1 § (a) S, = 8.5 mm (b) S, =17.0 mm

O L L L L L ] L O % E -
0 5 10 15 20 5 3 & No perforation
N\ (¢) S, = 25.5 mm (d) S, = 27.625mm

o XII°F, XA, 9Kk, Mechanics Research Communications. 69:34~39, 2015.
o XIPF, Xil%A, 5Kk, International Journal of Mechanics and Materials in Design. 12(2): 241-254, 2016
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Applications Honeycomb

e 55 SN BT I A M B S e ARG EROUR g S A

gt T AR R N IRILEER TR &
SR T RAERI T e
% B RIE R RO &

‘v.‘.~
j .
s

1.0

0.0
-2.0-1.00.0 1.0 2.0
(b) v, = 5000m/s S

WA AT T S, Skm/s

RS RS

o XII°F, XA, 9Kk, Mechanics Research Communications. 69:34~39, 2015.

o XIPF, Xil%A, 5Kk, International Journal of Mechanics and Materials in Design. 12(2): 241-254, 2016
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Applications Penetration

Projectile: Steel Projectile’s residual velocity

Length: 88.9 mm Experiment: 455 m/s

Diamete: 12.9 mm MPM3D: 453.4m/s
t=82.9 us

\elocity: 575 m/s
Particles: 13,314
MPM3D l
Y, 5K HESE. Contact Algorithms for the Material Point Method in Impact and Penetration Simulation.

Target: Aluminium
Thickness: 26.3mm
International Journal for Numerical Method in Engineering 85(4): 498-517, 2011

Inclination: 30°
Particles: 187,550

Piekutowski, Forrestal
etal. IJIE 1996; 18:
877-887
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Applications Penetration

Frame 001 | 17 Feb 2009 | mpm3d == test P enetration of metallic target

A steel sphere penetrates a thin steel plate Stee_l spher(.a
o, Diameter: 10mm
\elocity:  200m/s
oh Particles: 32,768
045
035 Steel plate:
EES Thickness: 1mm
3115 Diameter:  178mm
gios Particles: 398,184
— Effective plastic strain at
'h failure: 0.5
D
Experiment: h/D = 0.83
Seoa S W et al. IJIE 2008; 35: 578-588.

ks .

T aa—

vmputational Dynamics
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MPM3D: h/D = 0.87 , o
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Appllcatlons Penetration

Projectile: Tungsten alloy

Adaptive Finite Element Target: Armor steel

. - L,=75, D,=5mm t=5/9 mm
Material Point Method VO_ 1500 Pn/s L ~150 mm
Inmdence angle = 60° =150 mm

=5mm ----

Vo=1.5km/s Experiment 0.85 0.97
Vo—1-5 MPM3D 0.82 0.96
t=9 Experiment 0.76 0.99
Yo=25  MPM3D 0.72 0.97

ﬂ =1.5km/s
t=5mm

V,=2.5km/s
t 9mm

* MPM3D
L, Lundberg et al. 1993)

BEF-F-, 5k kEZE. An adaptive finite element material point method and its application in extreme
deformation problems. CMAME 241-244 (1): 275-285, 2012

t=9mm
V,=2.5Kkm/s
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Applications Penetration: C48 RC

f¢—178mm—|

Hybrid Finite Element Material Point Method

Impact velocity: 746 m/s
Residual velocity

Experiment: 615m/S  ciomn
MPM3D: 585m/s

I
b
bt
bod
[
|

L ]
76,2mrrzl:

.

—+ 12.7mm | | 12.7mm

— R

76.2mm 76.2mm 76.2mm

Hanchak et al. 1JIE 1992; 12(1) 1-7

1000

L
|
'
t
!
|
|

. [ = Test data (Hanchak et al ) ;
ﬁl * FEMP: Cell size 4.0mm ¢
% 800 - < FEMP: Cell size 5.0mm
£ * FEMP: Cell size 6.0mm
fan
5 600 | i
)
> *
?ﬁ 400 ®
=
3]
200 ¥
¥
0L . : :
200 400 600 800 1000 1200

Initial velocity (m/s)

E%@Fﬁ 5K 1SS . A FEMP method and its application in modeling dynamic response of
reinforced concrete subjected to impact loading. CMAME 200(17-20), 1659-1670, 2011
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Applications Reinforced Concrete

v - T

Impact Residual Velocity Perforation Pore

\elocity (m/s) Diameter (mm)

(M/S) | Experiment | MPM3D | Experiment | MPM3D

257.5 100.7 100 780X 710 | 900X1000 | *=
248.3 83.7 83 | 930X730 | 1000X1000 | ¢

Hybrid Finite Element Material Point Method

Impact velocity: 248.3 m/s

"“‘;Impact velocity: 257.5 m/s
Incident angle: 1° Incident angle: 24.5°

vmputational Dynamics
ITE ) F LR E
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Applications Cohesive soil impact

. Half spherical shell:  FasanellaE L, et
- Diameter: 0.408m al. AIAA, 2001

Mass: 12kg LS-DYNA FEM calculation
= Alalloy terminated abnormally due
Particles for spherical shell: 26385 to element distortion

" Particles for target: 1600000

200} Depth of the crater

B Y-NACFEM: g

FEM
m  Contact MPM

100 |

50

0 5 10 15 20
Time (ms)

wmal Dynamics
———
W FEEGE

School of Aerospat
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Applications

R B AR ﬁ)§52 6m/s

69/96

MR ESNS R YR IR .

School of Aerospace, Tsinghua University

Compression of Aluminum Foam

Deshpande-Flecki% %l

== = e i PRAE0
LS-DYrA

y—s
-I -'\.“\“ - - -

"'—I--.-
=
-
-

—&— Espinimant

47k --'I.:h

.1__3_?‘

I.'IH i 1.2 14
B ]

Fan HH AT 3 AR N AR I A2 B 2

0 1 ] 04 06

16

LS-DYNATE1L.3ms /5 B PN #% B 28 i 2% 11

EHfE, 9KIESE. Numerical Study of Dynamic

Compression Process of Aluminum Foam with Material

Point Method. CMES 82(3-4): 195-213, 2011

vmputational Dynamics
\/
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Applications Bird Strike Leading Edge

i
[484 I 424 4.129¢+02
3.6130+402
E 369 :;g; 3.097e+02 _
E 2,580e+02
E “ 243 2.064e+02
121 . 182 1.548e+02
E 0 _ 122 1.0320002__
I 61 - L 5.1610+01
1 0.000e+00 _|
481 =108 47210402
l 413 4.1:1voz:l
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Applications

Bird Strike Empennage
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Applications Explosive driven Metal

Gurney equation
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B, 5K AESE. Numerical Simulation of Explosively Driven Metal by Material Point Method.
IJIE 38(4): 237-245, 2011
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Applications

Shaped charge

e Shaped charge

A cylinder of high explosive with a cone-shape thin metal liner in one end

Intense pressure =» Collapse of Case
the liner =» A jet with extreme high
velocity (> 10 km/s) ¥ | iner

e Application e  aw Lo
Armor penetration Al
Metal cutting
Oil well perforation

Detonator

.

T;mperaturgﬂcmiistribution
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&, skiE, BEdeF, JASE. Simulation of high 2 0.52 km/s 3.25km/s
explosive explosion using adaptive material point N

method. CMES 39(2):101-123, 2009 \elocity distribution
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Applications Fragmentation driven by explosion

Metal shell driven by High explosive

Gurson

\
Weibull \
Weibull random failure Gurson model 0

Experiment N, B, ZEPEL REEINEL T B AL e K Al
ISR A, B YE S5, 2003, 23:529-533

Localized zones

Experiment MPM3D MPM3D of shear
£ with Weibull | with Gurson
Fragmentation
time (us) 15.4 15.0 15.5 R A

y 4
MG K, Xia, 5K#EESE. Simulation of Fragmentation with Material Point Method Based on
Gurson Model and Random Failure. CMES 85(3): 207-236, 2012
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Applications Fragmentation driven by explosion

Weibull random failure Gurson model Cumulative mass distribution of
- fragments

--- Weibull
— QGurson
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characteristic cutoff mass
mo = ph3 = 0.4992g.

MG K, Xia, 5K#EESE. Simulation of Fragmentation with Material Point Method Based on
Gurson Model and Random Failure. CMES 85(3): 207-236, 2012
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Applications Shock-structure interaction
Shock wave Shock-structure
Detonation |===| yrgpagation interaction

MPM FDM + markers MPM
2D explosion

. PUTYe—— - 3D explosion (overpressure
Autodyn(Euler) I] Material P ( P )

4 ‘ /

FEGRGR, 7KHEZE. An alternating finite difference material point method for nUmericaI Simulation
of high explosive explosion problems. CMES, 92(5): 507-538, 2013
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Applications
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Reinforcement 05 m
",
I 0 | 0.15m
Soil 075w LSm ) d.?s"m'r"
0.75m
Conerete t~__ B A
lub -] °
0.75m
i N
gl
(a) (b)

B M Luccioni, M Luege. I1JIE 32: 1248-1266, 2006

fail
1.0
‘ 0.8

-0.6
0.4

02
o

\

fa) M

—— Empirical formula
O  Experimental results
A  CFDMP results

0 2 4 6 8 10

damt W3/h (Kg'/m)
1.
Eos In(3.63D/ h) = 0.1838(W** / h)
0.6
04
02
o

B %, Tk HESE. A coupled finite difference material point method and its application in explosion
simulation, CMES: Computer Modeling in Engineering & Sciences. 98(6): 565-599, 2014
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Applications
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Applications Soil slope failure

e Cohesive soil »%\ -
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Applications Failure process of non-cohesive soil

Bui H H, Japan: Ritsumeikan University, 2006

K=0.7MPa, p=2.65 g/cm3
¢ =19.8" ; c=0kPa;
w =0

Adaptive Finite Element Material Point Method

I I I I I I I I ' '
g Slope surface: Experiment

—— Slope surface: AFEMP ]
—— Slope surface: MPM

O Failure line: Experiment
—— Failure line: AFEMP .
—— Failure line: MPM
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Appllcatlons Ceramic Material

LS-DYNA MAT_110: JH-2
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Applications Metal cutting process
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R. Ambati, 7= 3, 7/ K, 5K, Application of material point methods for cutting process
simulations. Computational Materials Science 57: 102-110, 2012
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Applications
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Applications Dam break

1.0 -

—a— SPH method[Marmrone,2011] 5
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F Zhang, X Zhang, YP Lian, et al. Incompressible material point method for free surface flow.
Journal of Computational Physics. 330: 92-110, 2017.

Dam break with a obstacle
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Applications Water droplet impact

—a— [MPM result
—e— SPHINishio,2010]
—a— Exp.data[Nishio,2010]

Crater depth /

F Zhang, X Zhang, YP Lian, et al. Incompressible material point method for free surface flow.
Journal of Computational Physics. To be appeared.
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Sloshing due to excitation

Applications

Horizontal excitation

Pressure /MPa
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e T ===
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Rolling excitation

87/96

0.6

H/m

— IMPM
------- Exp.data [Faltinsen ,2000]

0.0020

0.0015

Pressure/MPa

0.0005

School of Aerospace, Tsinghua University
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—— IMPM Dcell = 10mm

. —— IMPM Dcell = 5 mm
ISPH dp = 5 mm [Chen, 2013]

v Exp.data [Chen, 2013]

0 5 10 15 20
T/s

vmputational Dynamics
ITES N FERE




http://www.comdyn.cn

Applications

Sloshing with a middle baffle
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Collapse of water column

Applications with a flexible obstacle

water column

I MPM 40l %+ Present CFEMP ,
/ I ¥, Walhorn et al. (FE Method)
_ 300 7 %'~ Idelsohn et al. (PFE Method)
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AL | Time/s
Time history of the displacement of the
Coupled Finite Element Material upper left corner of the obstacle

Point Method

B, 5K HESE. Coupling of finite element method with material point method by local multi-
mesh contact method. CMAME 200: 3482-3494, 2011
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Applications HCDA in a fast reactor
Coupled Finite Element Material Point Method

Solid elements

31 ) 5 e = e e B e

A IO
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T ___ Cover gas (MPM)

Sodium (MPM)

\essel
(Shell elements)

Explosive bubble (MPM)

Hypothetical Core Disruptive Accident in a fast reactor |
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Applications Carbon Nanotube Composite

e Carbon nanotube
Exceptionally high stiffness, strength and resilience
Ideal to act as the reinforcing materials
o 1% CNTs => stiffness N40%, tensile strength A 25%

P
400 tubes ==,

. Pan, lorgaetal. 2008

FINE, X%, 5Kk Numerical simulation of carbon nanotube reinforced composite by material
point method. CMS 57: 23-29, 2012
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Applications Biomechanics

B
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Applications Biomechanics

N

JE XN, 5K HEZE. Numerical Simulation of Human Head Impact Using the Material Point. International
Journal of Computational Methods. 10(4), 2013
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Applications Snow Simulation

http://www.disneyanimation.com

SIGGRA P H

©Disney

How Disney made their snow look real
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Outline

e Introduction

e Material Point Method

e Our Developments on MPM

e MPM3D — A 3D explicit MPM code
e Applications

e Concluding remarks
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Concluding Remarks

e MPM Combines the advantages of Lagrangian and Eulerian methods
No mesh distortion and element entanglement
History-dependent constitutive models
Free surfaces or multiple materials

Promising in modeling extreme deformation and material
discontinuities

e MPM3D is much more efficient and robust than SPH in LS-DYNA and
AUTODYN

Large time step
No neighbor search
e MPM is a FEM based particle method
Particle quadrature rather than Gauss quadrature
Remesh in each time step
Easy to be combined with FEM
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