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Motivation
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Reduction in weight by 700kg per aircraft
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Optimization formulation

Optimization Process

> Cost and constraint functions

A 4

Initialize design

: I
msin z(s, u(s)) = w1 F(s,u(s)) + wyPreg(s)

v

Calculate response

\ 4

Calculate performance measures

s.t.:  gi(s,u(s))<0,i=1,..,N
= i(5,u(s)) s

No

A 4

Compute design sensitivities

!

Optimize (update design)

Converged?

Optimized design
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Classic TO approaches have drawbacks

Analysis models

» Three types of analysis models

Density methods Body fitted analysis mesh

Immersed analysis methods
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Level-set optimization uses isocontour to describe geometry

Geometry definition

» Design variables employed as coefficients for
level-set field discretization
» Geometry implicitly defined by isocontour

Q¢, of a level-set function ¢

a O
¢(x) > ¢y, Vx € Qg

¢(X) < ¢t, Vx € ()_
d(x) = ¢, Vx €Ty

g

Level-set function and resulting isocontour [Van Dijk 2012]
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Method of Moving Asymptotes available in MEFEM

» MMA is a first order non-linear Rosenbrock
programming technique

» Used to update design variables 1000
throughout the optimization process

» MPI capable version of MMA
available in MFEM N 200
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Level-Set Topology Optimization

Design mesh and level-set field

Non-conformal mesh

mesh morphing

>

PDE based conformal

Conformal mesh
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TMOP-mesh morphing

Mesh morphing through Target-Matrix Optimization Paradigm

/

FO) = [ m(T)do+ vy ) xs)?

Q SES

~

» w(T) element quality

> W, interface fitting weight

» TMOP adapts meshes to conform to an implicit

geometry

» TMOP aims to preserve element quality
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Result

2D-Cantiliver Beam
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Mesh quality

» Mesh quality vaties based on element type |

. 1 (det(FM))mim
and subphase assighment Hel = 107 /ﬂ E Tidim ™ ZM 2 df2e.

Level-set field ¢

Element Quality pq

Homeomorphic Mesh a.) Conformal Mesh a.)
a)
-1 0'1 - b} -
10° 10" 10% 10° 10* 10°
Element Index
Homeomorphic Mesh b.) Conformal Mesh b.)
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Optimization tools

Optimization Graph

» Design variable filter

» PDE-based mesh morphing

» Island detection

» Physical analysis

» Level-set regularization
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Helmholtz type filter

Optimization Graph @
» Increased convergence of TO problem PDE Filter [[ R (;¢) =0 ]]
» Mesh independence RP(¢sp: ¢) = ]
» Promotes smooth filtered LS field with smooth gradients ¢ = f(¢s0)
» common miniapp RM (M g ]
x=x

Ri(Gi9) = [ (7owr2 v+ ow(§ - ))as [mx}: |
na

Desgn field | Filtered design field
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Level-set regularization

Optimization Graph @

» Distance field computation: comzzon miniapp [R (¢:¢) =0 ] Distance Field

» Promotes consistent fitting

RP(¢psp; ) = | (Véw | VopsplP~2Vepsp — 6w) d2
na

5 oI\ d N a
Jouwe (6-8) O [ w,|vé - vPdes
de ¢%ndd‘od de 24

Filtered design field
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Stabilization

Optimization Graph

» Instabilities through disconnected subregions

» Island detection

p

RT(6;x) = j (V6w kVO + sw(8 — 1)) dQ2
Q

-

Temp
. Irl.o

RP(dsp; 0) = }

'25 = f{f}"’SD}

T.emperature RM (@M §) —
Field
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Structural analysis

Optimization Graph

> Structural islands are stabilized

a N
U : E
R (u;x,0) = | Se(w):o(u)dQ— ,[-QI Switydl + 6wursﬁ0 dQ
0J Iy 0
o /

Displacement
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Multi-material mesh morphing

Multi-material mesh morphing through TMOP

I=ZZiHl-
i=0

> 2N number of subphases:
» User defined subphase index:

» Subphase index

1 9 Icustom

Table:

p

/

(%s)

2
iEN¢ SES¢i

u(T(x))dQ + wy,

]

F(x)

.
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3D Bracket with assembly requirements

3D Bracket

material non-design domain

design domain

» Enables modeling of fixed components

» Enables enforcement of assembly requirements
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2D Cantilever

> Evolution of the structure

» Evolution of level-set fields

W _____ =,,,. = W _
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3D Multi-material cantilever

3D-Cantiliver Beam

» Topology optimization for external structure and

internal material layout
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Summary and outlook

Summary

» Presented solely PDE-based level-set TO approach
» Utlized PDE generated conformal analysis meshes
» Highlighted selected material-void applications

» Discussed multi-LS formulation

» Presented multi-LS TO with single design field results
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Thank you!

Any questions?
schmidt43@llnl.gov

Serac MFEM

LLg Lawrence Livermore
National Laboratory
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United
States government. Neither the United States government nor Lawrence Livermore National
Security, LLC, nor any of their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States government or Lawrence Livermore National Security, LLC. The views and opinions
of authors expressed herein do not necessarily state or reflect those of the United States
government or Lawrence Livermore National Security, LLC, and shall not be used for
advertising or product endorsement purposes.
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