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Deformation Function:
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w periodic ‘Y ‘ 0
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Step 1: Apply macro strain Step 2: Solve displacement field Step 3: Get response stress

_ , 1 _
Macro Deformation w(F) = min WJ y(Vw + F)dX  Response Force
periodic 0
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HOMOGENIZATION
Past Works

Infinitely small deformation
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HOMOGENIZATION
Past Works

Infinitely small deformation

_ . | _ .
w(F) == min_ —J (Vo + F)dX .®. y/ Linear Elasticity
w periodic ‘Y ‘ O °

Tangent Poisson's Ratio

0.4
: 0.2 -

k 0.0 -
X —0.2 -

_0.4 -

&

lorigin) 007

_0.8 | | | | I | |
0.000 0.025 0.050 0.075 0.100 0.125 0.150

Exx
[Neves et al. 2000]
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HOMOGENIZATION
Past Works

Infinitely small deformation

_ 1 _
y(F) :== min [ w(Vw + F)dX
w periodic ‘Y ‘ 0

| »
g :?: U/ Nonlinear Elasticity Model
 Corotated
& e Saint Venant-Kirchhoff
\origin « Neo-Hookean
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Flexible
e —

HOMOGENIZATION

Past Works
Infinitely small deformation A few sampled biaxial strains Along uniaxial stretch path Trajectories through strain space

& & & &

{origin} {points} {aline} lacircle}

[Neves et al. 2000] [Behrou et al. 2021] [Clausen et al. 2015] [Schumacher et al. 2018]
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HOMOGENIZATION

Past Works
Infinitely small deformation A few sampled biaxial strain Along uniaxial stretch path Trajectories through strain space

& & & &
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[Neves et al. 2000] [Behrou et al. 2021] [Clausen et al. 2015] [Schumacher et al. 2018]
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HOMOGENIZATION

Choose Strain Domain
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HOMOGENIZATION
DhegsdBivain Domain Adaptive Subdivision
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Exx
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Interpolate displacement field @*
HOMOGENIZATION 1

Interpolation w* = arg min [ w(Vw + F)dX
Q2

\ w periodic ‘Y ‘
) {

C xy

Strain 10% -
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Interpolate displacement field @™
HOMOGENIZATION 1

Interpolation w* = arg min [ w(Vw + F)dX
Q2

\ w periodic ‘Y ‘

gazy §+I=FI |

1. Efficient to evaluate the accuracy
(no need for ground truth)

8 2. Accelerates nonlinear solves
L X (provides high-quality initialization)

Strain 10%
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HOMOGENIZATION

Interpolation Interpolate displacement field @™

| _
W™ = arg min [ w(Vw + F)dX
w periodic ‘Y ‘ 0

Linear Interpolation ( I O
w* /

Evaluate at every center of tet

Check for the residual only

-k
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HOMOGENIZATION

Interpolation Interpolate displacement field @™

| _
W™ = arg min [ w(Vw + F)dX
w periodic |Y ‘ 0

10% —— Linear

=

o
w
1

Sample Points

102 -

1074 1073 1072

Subdivision Tolerance €
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HOMOGENIZATION

Interpolation Interpolate displacement field @™

| _
W™ = arg min [ w(Vw + F)dX
w periodic ‘Y ‘ 0

Powell-Sabin Interpolation ( I 1
( Nk ) /
W,

oF

f

derivative with respect to
the macroscopic strain
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HOMOGENIZATION

Interpolation

Adaptive Subdivision

Strain 10%
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HOMOGENIZATION

Interpolation

&

Strain 10% Stress Domain
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DESIGN PROBLEM

woo— '/_jtgt

\P/

linear

$:§ l/_jtgt Linear Elasticity 7 T oo,
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VY, . (F)= 55: C:¢ K DR |
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\

fourth-order elasticity tensor
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DESIGN PROBLEM

l/j —_

Change geometry tg t

Zhan Zhang UC DAVIS 40
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DESIGN PROBLEM

Shape Derivative

€ ‘37' ‘ rel rel

N
> < D E RZONZS
/ \

Topology Q( p)
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DESIGN PROBLEM

Shape Derivative

min
Q

Derivative of fitting objective

with respect to mesh node positions

w \ .
~ T 1,
/‘1_ _1\
R
S
ToReloay

Zhan Zhang

1 2
.
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Derivative of mesh node positions

with respect to shape parameter

Oy (F) y
oX

X

GWZVVdX

(%%ZVVdX
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DESIGN PROBLEM

Collision Removal

1 2 7
min W (_ — ) +w_ || -, dF
O | 9‘ J'g; e\ ¥V tht o] Y tht ol
Y
Strain Domain Stress Domain

Red for high collision area  Blue for low relative error
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DESIGN PROBLEM

Collision Removal

, 1
min J We(

rel

\/
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DESIGN PROBLEM

Collision Removal

 tw, |A@*(F) + FX; Q)| dF

rel

. _

Discrete Strain Domain Stress Domain
Red for high collision area Blue for low relative error
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LARGE-SCALE VALIDATION

Isotropic Linear Material Design
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Isotropic Linear Material Design
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LARGE-SCALE VALIDATION
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RESULTS

Young's Modulus & Poisson’s Ratio
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Physical Tests
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