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Motivation

- oY
. Optimization time integrator is stable but requiresf'nt = — 0_
X
of, I
_Implicit plasticity leads to — # — in general.
ox;  0x;

* (Goal: use optimization time integrators to simulate general plasticities with
large time steps.



PlasticityNet

* |Learning an energy for plastic

forces.
— 1

 Compatible with optimization
time integrators.
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Implicit Time Integration

Return mapping for plast|0|ty

Plastlc Reglon ,,,,,,,,,,,,,, \
Momentum conservation N
M(Vn—'_l_(vn—l_gAt)):Atfn_'_l ..................................... ElaSth ReglOn ’,:
fr?‘l'l — Z V .I(Z(FE tT))FE JIr TFP n_vaz_q /I/
q “* Plasticity /
) Elasticity ///



Optimization Time Integrator

Integrability Condition (Li et al. 2022)

e

OF . T(Z (F))F_T Without Plasticity ( £ =

With Plasticity : €

N4

v T = argmin,, —HV — (V" + gA) |3, + ZVO (F,)



— Y

OV (B Fo)le_p, = 7(Z(Fo))Fy | UL
, = 0 2
{ 86\1:5190 .......................................... RQd +1 WQ R

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

E : : * Please see the description of the hardening state
.. ................................................................................................................. : in the paper.

Uy(F,Fo) = NNo(F,Fo) — (VENN(Fo,Fo) — 7(Z(Fo))Fy; ') © F

O P
o (F-Fo) —T(ZE)FT)

“*Training: £() = Er,Er




ptimization Time Integration with PlasticityNet

Fixed-point lteration
v It — argming = ||v — (V" + gAt)||lm + Z VI Uy (F,, F! for j=0,1,2,...,

Stability Regularizer
1
Uy (F,Fo) = NNo(F,Fo) — (VeNN(Fo, Fo) — 7(Z(Fo))Fy ) © F +{5 ul[F — Fol %

Non-regularized Regularized Non-regularized  Regularized




Learning Return Mapping

€2
Elastig Region Neural Return Mapping:
y(2) >0 / . A
‘ y(ZY <0  079(X) = min{NNy(%), [|€[}
/ :
/ exp(€ — 09 ey ) y(X) >0
y > : Z@E(Z) — €]l
< 1 > y(X2) <0
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Ground Truth
t=1e-5
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StVK Elasticity + Drucker-Prager Plasticit




Ours
t=1e-3




Snow

|OU error plot
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Neo-Hookean Elasticity + Cam-Clay Plasticity



Ours
dt = 1e-3
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2D Metal
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E=1e10
dt = 1e-2
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Learning Metal Plasticity Return Mapping
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Neo-Hookean Elasticity
Learned Von-Mises Plasticity
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3D Examples







dt = 1e-3






Thanks for Watching!



