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OUTLINE

Robust meshfree formulation for large deformation and contact
problems with application to simulation of metal forming processes

o Meshfree Formulation for Large Deformation Analysis
e Three Dimensional Meshfree Contact Formulation

« Enhanced Boundary Condition Treatments

« Stabilized Galerkin Meshfree Method

* Progressive Adaptivity Method

 Meshfree Simulation of Metal Forming Processes

e Other Applications




Discrete Reproducing Kernel Approximation
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Meshfree Formulation for Large Deformation Analysis
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Enhanced Boundary Condition Treatments

Meshfree shape functions do not possess Kronecker delta properties
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Generalized
Reproducing
Kernel
Approximation

u"(x)=Y [ ¥, (x)+Z (x)]uy

¥ (x) : primitive function

- éa (X_ XI)
o (x) = 5 0)

a st. x,¢e cADéll(x—xI ),V # |

¥ (x) : enrichment function

Sﬁl(x)=HT(X_X| )a(x)d_iél(x—x,)

HT(X_X| )={1’X1_X1| Xy = X1 X3 — Xy ’(Xl_Xll )2""’(X3_X3| )n}

Reproducing Conditions:

ST (X)+ P, ()] X, X X =XxdxE 0<i+j+ksn

ééxl(x_x|)

¥ (x)= ®. (0)

+HT(x=x)Q(X)[ H(0)-F(X)] @, (x - X, )
=%, (X,)=0,

A Reproducing Kernel Interpolation




Mixed RK Interpolation
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Properties of Reproducing Kernel Interpolation
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Meshfree Contact Algorithm

Local approximation:
X" =f(x,y)

(x',y",Z) :local coordinate
- x —y projection plane
- Local least-square fit

At least ¢ continuity:
xR,y )= ¥r(X,y)x; W¥recC
I

Consistent geometry and kinematic representation
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Accelerated Meshfree Method Based on a

Stabilized Conforming Nodal Integration (SCNI)
Strain Smoothing
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Stabilized Conforming Nodal Integration (SCNI)
SIT(u,E) = [ 68,Cyy8,,d2— W (u) = 0

np o L2 NP
=Y #d, #0=3 B (x)d
Kd=1f, Ky= B (x)CB,(x A

UCLA




Eigenvalue Analysis

Direct Nodal Integration: 4 zero eigenvalues

3 zero eigenvalues: Rigid Body Modes
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von Neumann Analysis of Dispersion Error
Second Order Wave Equation

Phase speed for Meshfree Consistent Mass a=2.0
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Transient Properties in Wave Problem
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Convergence of Stabilized Conforming Nodal Integration
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Shallow Arch Under a Point Load
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Cylindrical Punch

Direct Nodal Integration
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Metal Forming Simulation

Hydroforming

Deep Drawing
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Adaptive Meshfree Method

New added particle
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Reproducing Kernel as a L ow-Pass Filter

Reproducing Kernel
Reproducing kernel approximation NN
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Filtering by a Reproducing Kernel

Input x2+0.1sin(20*pi*x) Low-pass filter kernel Output after Low—pass Filter
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Adaptivity in L-shaped Structure

Adaptive refinement models Uniformly refined model
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Adaptive Refinement in Metal Extrusion
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Coarse model

Metal Extrusion Processes
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Singularity on Shell Constrained Surface

Reproducing kernel approximation is singular on a constrained surface S
D, (X x=%)= D> h(x=%)b,(X) &, (x~x)

|j<0

where Xe€ S, x, €S, S={x: f(x)=0}: constrained surface
Reproducing conditions
> @a(x;x—X,)h,(x,)=h,(x) 0<|a]<n (1)

If f(x)=> ch(x)=0 Equation (1)islinearly dependent
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New Approaches— Constrained reproducing ker nel approximation by
1. Dummy node method, 2. Pseudoinverse Method
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Other Applications: Elastomeric Components
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Other Applications:. Geo-mechanics

Slope
Stability
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Earth-Moving Simulation




Other Applications. Magnetostrictive Particle-Filled Elastomer

EEM Meshfree Macroscopic
, . —— | nterface Jump Field

St [ Condition Local

o Deformation - i
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Mix Shape Function X-Derivative
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Other Applications: Microstructure Evolution

M esoscopic simulations:
- use input GB properties from atomistic simulations
- provide statistics on systems with a large number of grains.

Atomistic MD simulations provide:GB
properties (GB energy and mobility etc.)
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Other Applications:
Meshfree Simulation of Grain Boundary Migration
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Future Directions

e Problems Involve Moving Interfaces:
— Microstructure evolution
— Fluid-structure interaction
— Solidification, welding
» Failure and Damage Processes:
— Highly explosive penetration
— Under ground/water explosion
— Earth moving processes

— Maetal cutting

e Multiple-scale Problems:
— Meso/micro/macro-scale bridging in computational material science

— Nano systems, MEMS
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