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An example

Taken from Sigmund and Bendsge 2004

Figure: a hanging device for a lamp

Andew Seagraves, Lei Qiao



An example
Taken from Sigmund and Bendsge 2004
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Figure: modelling
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Background

Goal: To determine the optimized 'shape’
© the first step to design a mechanical component
@ to identify the holes in a given domain
@ a constrained optimization problem

@ object functional, such as weight and elastic energy
@ constraints, such as BCs and volume fraction

]
min elastic energy

st. V.o4+f=0,¥xeQ
o-n=t, xel
u=0, xerly
fQ].Qmath <V.
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BCs and constraints

Figure: modelling
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basic functionals

°
ac(u,v) = /Cijkl(x)€ij(u)€k|(V)dX ,
Q
where elastic energy equals %ac(u, u,
°

[(u) :Q/fudx +/tuds.

It
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original formulation

min_ Zac(u,u)

ueu,C
st. ac(u,v)=I(v), WweU,
C (S Cad 5
°
U={ueH(Q):ul, =0}
°

Cag = {Cijkl eL>™: Cijkl = 1Qmatci?k|, 1Qmath < V}
Q
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relaxed formulation

@ original
Ci(X) = Lomar (X)Ciiy(X) , ¥x € Q

/ 1Qmath <V
Q

@ relaxed
Cijkl(x) = p(X)CiJQH (X) , VX € Q

/p(X)dX <V ,0 < pmin <p(x) <1
Q
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discrete formulation

N
min F(p) =UTF=UTKU = Y (pe)Pul keUe
L e=1
N

st. D peVe <V
e=1
O<Pmin Spe S 17 e:1727'“7N

@ Vectors K, U and F satisfy
KU=F.

@ Exponent p is used as penalty. Usually p = 2, 3.

@ Solver adopts Method of Moving Asymptotes by Svanberg
2002.1

Thank Prof. Svanberg for his MMA code!
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Model to show the numerical difficulty

Cantilever Domain
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Numerical difficulty of mesh dependence

Figure: 264 x 40,p = 2

2This figure is got by the code of Sigmund 2001.
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Numerical difficulty of mesh dependence

Figure: 3128 x 80,p = 2

3This figure is got by the code of Sigmund 2001.
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Use filter to control the result

In computation, we use the derivatives after filter instead of the

original ones

= N

oF 1 F

(p) _ ZHefPfa (p)
dpe N 1 ' dps
Pe z He,f -
f=1

where

Her = max{0, ry, —dist(e,f)} , e,f =1,2,..,N;

dist(e, f) is the distance between the centers of e and f, ry, is
the radius of filter.
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Example, bridge like structure

£

Figure: computational domain

Andew Seagraves, Lei Qiao



Example, bridge like structure

Figure: result from literature
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Example, bridge like structure
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Figure: 691 nodes, 1272 elements
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Example, bridge like structure

Figure: 1476 nodes, 2790 elements
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Example, bridge like structure

Figure: 5690 nodes, 11,058 elements
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Example, cylinder under pressure

Figure: cylinder with unit pressure at outer boundary
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Example, cylinder under pressure
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Figure: a quarter with unit pressure at outer boundary
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Example, cylinder under pressure

Figure: cylinder with unit tangential traction along outer boundary
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Example, cylinder under tangential traction

V4 4
A A avars AV vy vy,
VAN AKANAIAA
S

XéVAVAV

A
PN
AYAVAVAVAY
OO0

VAVAVAVA'
NN

NOSINISININN,

A
i

\VAVAVAVAVAY
KK
N

Eﬂq

NANNNSNNN
AVAVAVAVAVAYA
AN AV% ;AW
K/
K]

VAVAYAVAY

QAN
Seendd
Veavav SYAVAYA Vi vay, LV
\WAVAVOAVAVAYAVAVAviYAY
AYaYaYaVAVAVAVAVAVAVAY.
YAYAVAVAVAVAVAVAVAVAVA'
IVAVAVAVAVAVAVAVAVAVAV

Figure: a quarter with unit tangential traction along outer boundary
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Conclusion

@ Interesting and challenging theoretical/computational
problem
@ Important practical applications:

@ Optimal design of structural components/supports
@ composites
@ microstructures

@ Computational topology optimization increasingly
important

@ Achievable with simple MATLAB routines
@ Two new structures optimized
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Thank you!
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