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» 2D structure example:
compliance minimization problem
volume minimization problem
eigenvalue maximization problem

> Practical example: automotive control arm (with manufacturing constraint)
volume minimization problem
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TOPOLOGY OPTIMIZATION

Size optimization

I:>
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Shape optimizatjon

mE> X1 XX3

Topology optimlzation

BIW design for
weight reduction

Underbody design using
light-weight material

B steel
B aluminum
magnesium
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TOPOLOGY OPTIMIZATION
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« Combined load vs. Multiple loads

2001, O. Sigmund, “A 99 line topology optimization code written in Matlab”, Struct. Multidisc. Optim., Vol. 21
2008, F. Wein, “Topolgy Optimization Using the SIMP Method”, Presentation at LSE
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3D STRUCTURE
AUTOMOTIVE CONTROL ARM
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Double wishbone
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BMW NEW 5 SERIES

Rear: Macpherson type

Front: Double wishbone type

W

Steering tie rod

)

Lower trailing link
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BENZ E CLASS

Front: Modified Macpherson strut type ‘ : } Rear: Multi(5) link type

Stabilizer bar BB\ Stabilizer bar link

Toe control link Lower arm

Lower trailing link
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0f| X|: AUTOMOTIVE CONTROL ARM

Constraint( dof =32

[ 1 00N 4
Fig 1 Finite element analysis Fig 2 results of the Topology optimization
D e
Objective: Minimize volume.
Constraints: SUBCASE 1- [ The resultant displacement of the point where loading is

applied must be less than 0.05mm.

SUBCASE 2 - | The resultant displacement of the point where loading is
applied must be less than 0.02mm.

SUBCASE 3 - [ The resultant displacement of the point where loading is
applied must be less than 0.04mm.

Design variables: |Element density (and corresponding stiffness of the element) of each
element in the design space.
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> [TOPOLOGY OPTIMIZATION SUMMARY]

> ITERATIONS TOTAL H 4

> OBIECTIVE FUNCTION  : 1.989E-001

> DESIGN VOLUME FRACTION : 1.989E-001

> CONSTRAINT VIOLATION % : 3.881E-007

> AVERAGE ELEMENT SIZE : 1.705E+001

>

@

| ®i ~170~170 2 =27, 5~451,804 Z:-40, 6001 ~50,0181

[ G:l13 s : N-mrn-kg-sec-) v | e




a
=

a2
=

yTy, Tz 7

AN 7t

HEXUC=E



37tX| 2] o

|
=
Ko
10
o
RO

=
&)

X 4
=
Eq|
=)
1
Tl
0
il
K
iqr
_|_|
€l
2
=
[l
oo
H_UI __n__.._ .........

{1}
ST e KO o K
ul g S W gy S ul g
-l -l -l

- [ R
”u_.wa..m o 9 o 9
Eﬂ ﬁ_ p ...... r|_ p ...... fI_ _w
i _W_H_ _W_H_ [»-=
&v_H_ ...................... _H_ ...................... |
e

41

Copvriaht © Computational Desian Lab. All riaghts reserved.



x -
_ >
) > | [ > E
i o <
mﬂ = TF
|
ol O
- o it
|E = A | L 5
ENES - up B RS | E )
w0 @0 . ]
| @ @
%_ " 5
LA -
<0 g X @ mE W
g N0 T 3 T mM a i)
b i =] Fil
= [
x -
_ >
) > | [ > E
i o <
mﬂ = TF
|
ol O
- o it
o = g0 F 5
ENES - LRI )
o =
] wet 75}
Rl @ @
%_ " 5
2 T
<0 g X @ mE W
g NOCE K E o ow B i)
b i =] Fil
= [
x _
_ )
) > | [ 2 E
0 - 4
m_. = TF
b
ol O
- - o Fi
2= = FONE R &l
INE - ulp (B E = 20
™ =
0 &0 ]
| O] 2
4 —u =
of ﬁ iy =
20k X @ wE W
g W0OE g E T og @ o3 @ i)
fni [&] a0 _@

HAM

42

Copvriaht © Computational Desian Lab. All riaghts reserved.



[smso12 z7p82 St S5
e HOIL £
_Q.%.____ﬁd_____________________________I
LZIEEF—EE A% HE5)A Jlo ¥ METE) ST HAE R E g
B HEHOI2 &F
HHME HHME HIZHHE MHEHODI~ HH FIM=E30220 [0
S S S S S -
@ so Y HEE 25 (=%
-8 2% I sa|ca et | M ELTHE I
& BAZHHE- pIEE=SE-E 247 I
o EEEIE e e e
& BHEME-T
b SHEEHIE-2
b FHEHIE-3
2 =
'__—.&WE*#L-'E_-I______,
| =< E=as i
L_.Z.%E_E*Eﬂg‘z________l
O HE HEH0IA 2
B =& 4 BEfl4
R T
[ o i STER e b o o e
| o% E=nE 1
=L FIEHE-3 1
L_.g.%é_ﬁﬂ._________
| B 8 N N
‘ 0 I #s Yl &6 [ siE2AZHE.
|
C== sz )L 58 ]

Copvriaht © Computational Desian Lab. All riaghts reserved.

Axe ZRs MY Y
M 7|8 9% X3}, 21
x| 2o} Mk

ofel &9 S 0| &ot0]
MEAHO|A 27 F7F M4
A ot MES 231 &

=S|
=1

43



Z|FSHH 0] &~ FIHHE

e HOAEH
=

U?L

HHHE

e H ER ]

MEHD L 2F -
1
MEHDO| 2 HH |=]3\1E31IDI¢:E"EI- o)

5%

20|12 2 M= 0]
~ R Of t xS Sof #e|
eI

- x4 005 0I5}

I
4o
13
o

IHEER
s
i e
o588 A% 22
£ 23
-k BEGIE
sk 3HE
sk 9tE
sk 31E
= =
a4 Hoj
EH A%E
HSEH B
) B9
B9 2F
A
P EE AL [1OE =)
*

*|w!

m
m

[EEEERE EEEN
SEfETIL
T I= TS
& ZHZAME
oL IHEE
b FHEHE-
2 o=
B e R T
EE: s HEH A
L]
T EER
& ZHZAME
o BNEHE
L FIEHE-2
R ©s
SR FRIEE 11
SEECELE
B it l ]
]| [ o 7o [
£
EH H=EA
q HeFz 2 BHY
== OEE]
! BT A
B HA ZA
i P EEAM- (105 ==)
| *

4|

1,

44

Copvriaht © Computational Desian Lab. All riaghts reserved.



O ODEEdeida ===

Rl =2 =02 zmsoas  smmeses sds o

midas NFX - [control_arm_test_ta]

[Fziso] guscirg-@ERa - @ Easa L ASRES 24 B &84 - | yamEs o TEER
Higeoaz [ werias - JF ewsy - g woin=s @ o= v ISR Ho/H: |2 22
FhuE - @RIy - RELAZR) - @ FREE  goius eusEgy B oE) PEER USOH [ SAFAED -
EEL 23 S4z%3 2017 /237 ==

y - — -
¥ ea. a@QACC+ B IIOIHT @ @ vaE. - unlmemmsalee N RE ot 7(RE[
EEREE=r v & X . - . P & E X-”9|
A L] EEN - 30 S| B®®|o i
Ex = At NERGY T
= [2] ITER= 46 (OBJ=2.278. ELATIVE DENSITY , Mone
= =1 4I5°j°+1.uuuuc|e+uuu
=1 ITER= 47 (0BI=2.277 o o TSRO0
L) MELE +8.350242-001
4.

- 2 ITER= 48 (OBJ=2.276
i EEF

B B A4S (25

=21 ITER= 48 (OBI=2 276

L mA ey

B x22 Ed v

B ves e w

B2z Ea v

L) £2EL2 von-.

22 SE/zA | o 2 A

b
7.52536e-001
6.4%
6.70047e-001

o

b
+5.8755%-001
o

b
+5.05071e-001
10, 1%
+4,22583e-001
10.5%
3.40095e-001
10, 1%

" +2 57607001
.\. 10, 1%
To—

X

A [DATA] to, TOPOLOGY RESULT, TTER= 46 (ORI=2.276e-001), [UNIT] M, mm S .
HEO ! ‘
EELES S LR s NI - Dzxezaas
ES) EREE _ |
,\!; ! ;EOI I | 0 A EH OIT] 0 maxeig 0 MFXD4 @ control_arm_test_to = 0 Bl @ 20|y 3= =207
= HE
HEo —— @71Fz oy O 712 ors
3
£0/7| False -
=07
e FFFERF > OPTIMIZATION COMPLETED Oaer =07 L
uem 1

>

> [SYSTEM INFO]

> NUMBER OF THREADS @ 6

> MAXIMUM MEMORY USAGE : 500 M8
> AVAILABLE MEMORY  : 52145 MB
> TOTAL CPU TIME  : 333.032 sec
> WALL CLOCK TIME  : B8.676 sec
> TOTAL WARNINGS : 0
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AUTOMOTIVE CONTROL ARM
(VOLUME MINIMIZATION PROBLEM)
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« The steering column bracket holds the steering column at two points
(the solid black circle above). When the maximum moment is applied to
the steering column, the bracket must react loads at the attachment R
as shown.

« Determine the optimal shape of the steel bracket to maximize the

stiffness under loads R. The bracket is flat (w=0) and at most 100mm X
100mm
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« The van shown is supported on three wheels with the fourth
wheel unsupported. This condition applies a force downward at
the left front suspension (F=4000N). We wish to maximize the
stiffness under this load condition for a fixed volume of structural
material. The structure is made of a set of interconnected steel
beams which are enclosed by the area shown.

« Determine the optimal shape for the four conditions shown below.

H
H LH
..
F=4000N F=4000N

Suspension attachment: (1) at corners (2) mid-way up edge

W
H L W, H

: : . : 50
Copvriaht © Computational Desian Lab. All riaghts reserved.



