Deformable Materials 2

Adrien Treuillle

source: MYller, Stam, James, ThYreyReal-Time Physics Class Notes.
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Deformations
Spring deformed by !X:

C r—>@
1 IX

force =1 EAx

/ / \
stress: " strain: #

YoungOs modulus

HookeOs Law:

o= Fe
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De$ning Strain

¥ Strain is invariant to translation . y

¥Ignore p(x) L L

¥De$ne In terms of local coordinate | 1 Vp(x)=I
system transform: Vp(x).

¥Strain IS Invariant to rotation . g
¥ 1 [Vp(x)]"Vp(x) =1, 1_> V-
¥ Then #=0 e

¥Natural to de$ne strain as:

¥ # = %(Wp(x)]" Vp(x) -1)
¥ 6 DOFs
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GreenOs Strain

® p(xy)
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Stress



Stress

Direct stresses cause compression.

xx,"yy, ZZ

Shear stresses resist compression.

Ixy, IIyz, XZ

source: http://www.efunda.com/formulae/solid_mechanics/mat_mechanics/stress.cfm
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Stress Tensor Interpretation
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Overview

¥From Strain to Stress
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YoungOs Modulus
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Voigt Notation
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|sotropic Materials

{o} = B¢} E 1 R6*6

o Y v v v 0 0 o 7 RN
" o % woov 1-v v 0 0 0 gh 5 df
GZ f: E Y v 1-v 0 0 0 % eﬁé
; nyﬁ (1+v)(1—2v)» O 0 0 1-2v 0 0 ﬁ exyﬁ
# o, o0 0 0 0 1-2v 0 &# g,
o 0 0 0 0 0 1-2v &,

> Elastic Sti&ness
How strongly the material resists deformation.
p
» e | 1) PoissonOs Ratio
"2 How much volume is conserved.
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¥ Discretization
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Discretization

source: Bridson, R., Teran, J., Molino, N. and Fedkiw, R., "Adaptive Physics Based Tetrahedral Mesh Generation Using Level Sets",
Engineering with Computers 21, 2-18 (2005).
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Discrete Strain

Vp=Pand Vu=P -1

| = %(Vu—k Vu]' 4 [Vu]' Vu)
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Simulation Loop

¥ Compute Strain:

- %(vw Vul” + [Vu]” Vu)

¥ Convert to Stress:
o= Fe
df ,
d_A — O dn.

¥ CO m p Ute Face FO rces : source: http://www.emeraldinsight.com/$g/1740200102032.png

fo12="! -Ng12-Ag12
=1 [(P1—Po) X (P2 —Po).

¥ Distribute to vertices.
¥ (e.q. 4th order RK).
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Examples

[ Foom ¥ S
P Goed P I

V' Colbpon Detect
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Question...

¥ Why does the strain matrix have only 6
degrees of freedom?
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