xR 2
Altair Hyperworks

Topology Optimization

Computational Design Laboratory
Department of Automotive Engineering
Hanyang University, Seoul, Korea

S Computational
@ 1wy CDLE
".-,.‘_‘._-" HANYANG UHIVERSITY Lab

Copvriaht © Computational Desian Lab. All riaghts reserved.



—oUTLINENEEENEENR S S

 Lecture Goals

v 2D & 3D tX=0| AE2lo|AdA Gl Bo| XA =Xt 1|7 Fut
ZlcH2t 280 Chet {IA X XM3E ot A datE A otC}

« Contents

v’ 2D structure examples

: compliance minimization problem (single & multiple loads)
: volume minimization problem

: eigenvalue maximization problem

: symmetric condition problem

v 3D practical example

: automotive control arm optimization (volume minimization)
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Name Value

Siena 5D

Kegwors371_R80

Madmo?d

MarcD

NastaritsT

[PamciashaG2016

‘eeotiobh - B@| Customize user interface:
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S Application: Hypertdesh M
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Gistance © Default [Hypertdesh)

points.

- & AOES_ [Radioss2m7 v
L Ot |
 Abagus IStandard?.D -
© Actran
 Ansys
" Exodus Sierra_SD 1%
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 Marc b arc30 12l
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: @OptiStruct MEY
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Post
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Lty ] Model]
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EEXY T
| Enter Search Sting... Q ¥
w - @IS @IE %)a o - w - % E % @1 £ Lruaseoweer 5 u
- @ Components (1)
Entities 1D Inchude B 2 Mateials (1)
[#-Ige, Assembly Hierarchy | E el Tm v
i -3 Titles (1]
[-lgga Components (1]
E| = Materials (1) Assembly
[E: steel 1 D il Espand Al Beam Section Collector
: - Beamsection
Q=] Titles (1) Collapse All Elock
Configure Browser Component
Contact
Contact Surface
Cross Section -
Name Value Curve
Feature
Field
Group
Include File
Laminate
Load Collectar
Load Step
Material
Multibady
Output Block
Parameter
Plat
Fly
Region
Rigid Body
Sensor
h g
Mame Valug -
Salver Kewwaord AT
-
Name steel 1 Name Value
o 1 1 -Hv—i—_\.—mﬁ—-PGHEEL———————————————'
Color O 1 I Name 20 1
Include [Maszter Model] 1 1 D 1 1
: Defined 1 1 Colar D‘ 1
1 Card Image MTAT‘I : Include [t aster bModel] 1
1 |Jzer Comments Hide In MenusExport i I Defined 1
1 E 21000c.0 I | Cardimage FSHELL 1
1 1 ] Material [1] stesl 1
1 MU 0.3 . 1
1 I User Comments Hide In Menu/Export
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QL Z¢2l Create > Material

Name > steel

EHE A == (E)

>210 Gpa (210000 N/mm?)
ZEOFSH|(NU) > 0.3

Mz dd

Create > Property
Card Image > PSHELL
Material > steel
T>Tmm

Name > 2D

Component0] 4 &3



@zwl 501 pXFY QAT A

2D > planes > 47l line M
i > create

S0000000000000000005 000000000000

Elem size > 5 > recalc all >
mesh > return

SP0000000080000000

0000000 N0000000000

000000000000 3000000000000000000

B R o PP B @ o -e-9- g8 By
[

edge L - p———— set: edge
1
I clemsize= 000 elem density = 1
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XA 2 2

@Load Collectors
Name > SPC
BCS > Creates >

Constraints
nk<E

Load Collectors

Name > load

BCS > Creates > Forces
20 370 A0 veret
CHR{SHS (-1/3N) Y

Load steps
Analysis type
> Linear Static
SPC > SPC
LOAD > load
& create | w | = | nodes 4| |
update : :
: ; global system | :
| - equation= | -1 ¢ 3 i
| 1
1




DESIGN VARIABLE SETTING e

Analysis > optimization >
topology

— Design variable

Create

— Responses
— Objective

— Dconstraints

Bsvar = W
attice optimization T T T ———
parameters T .
d I~ PSHELL 1 | basathickness = 0.0
grauping
p
________________

— Opti control i

: : . : 12
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RESPONSE SETTING (1)

Analysis > optimization >
responses

L

— Design variable
Create

— Responses
— Objective
— Dconstraints

— Opti control

response = v ol frac I

4 i{lr i%

1

1

1

1

1

1

L

&

g

Io

1

1

1

1

1
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1
1
1
1
1
1
1
L
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RESPONSE SETTING (2)

Analysis > optimization >
responses

L

— Design variable
Create

— Responses
— Objective
— Dconstraints

— Opti control

__________________
@ response = !| W om p 1
__________________
I T — AEEONS SIUIE e o s s | i e
- | weaighted comp : loadsteps 14 :
,---------------l _________________
: v loadstepl | 1 0 0aq :
| 1
1 1
| |
| 1
1 1
| |
M —— I
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OBJECTIVE SETTING

Analysis > optimization >
objective

— Design variable
Create

— Responses

— Objective
— Dconstraints

— Opti control

: : . : 15
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CONSTRAINTS SETTING

Analysis > optimization >
dconstraints

— Design variable

— Responses i
— Objective i
— Dconstraints
— Opti control E
| S N T MR

IJ'_- |ower bound = -1 . 000e + 20

upper bound = o . 30 0y

:I:l YWeomp

10 volfrac

I

1

1

1

1

bmmm——— S
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CONTROL SETTING

— Design variable

— Responses

— Objective

— Dconstraints

— Opti control

DESMAX: Maximum number of design iterations

DESMAX= 50 1
| 7 T T ¥ © 5% & & & 1 ]
MINDIM= 0.000
MATINIT= | 0.600
MINDENS= 0.010
DISCRETE= 3.000 |

-
I TEN KN

CHECKER= 1 j
MMCHECK= 0

I

|
OBJTOL: 0.5% change in the objective function

-
0.003 1
4

L

Analysis > optimization >

opti control

-

DELSHF=

0.500

DELTOP=

0.200

GBUCK=

0.500

MAXBUCK=

0

DISCRT1D=

10

1.000

DISCRETE: Higher values decrease the number of elements that remain between 0 and 1.

CHECKER: Checkerboard control option. (0 = no checkerboard control)
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export options: LIRS o memaory options AnalySIS > OptIStrUCt

optimization

L3

- | all memory default

[ include connectors options: [
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|

Seszion Resultz = . D'. .
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Result type; J Selection; Aler_a@g_mgtlﬁd:_ Walue filker:

|
|
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|E|ementDensities [5) j - | Components | L] | || PiJrE______ v-i' Mome = :
[Density ~|  Fesovedin I wariation< | 10 (%] :
Dresign Layers: - “'\:::"}" | j Averaging Dptions.. : XH E EIEI E7|- 1 0" 7|-77|-%_JF%
|
|
|
|
|

o —— Suystem = St THE ] 2 A o
Iteration 25 1 ™ Use comer data - | | Ermvelope trace plot: Cache S -9- ?_I. J-Ll-— E-l-—l— = T (/?JI\ =
S - - - [T Usze tracking spstem |N0ne j

¥ Shaw midside node results

Optimization summary: 1| Graph |1
I -l

@ Convergence history fr <week10_1_1.fems> X
| Iteration=25 valuex0 000286442

0.005+-
0.0044
0.0024
0.002

0.001

0.000286

Lin |[<|/®
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Iso
Current value > 0.3

Apply

- Q8hm -9 -Ghd WioPL bk F LD K
Fesult type: _I Selection: Averaging method: Eunentvalue:&ﬂ-.?..-.-“-j

IEIementDensities[s] j vll Caormponents ||{| IN.;.ne j &
| Density | Resolved I™ Variation < | 10 (%) 0.00939393978 1

Lavers; I v X‘? I j Averaging Dptions...l Increment by: I 1

System | Nl Show values: |Sbove »| [ Color EH

Iz

[T Use comer data Uze Contour Settings

[ Usze tracking system
¥ Show midside node results I Apply !
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ZX 2| [3] EXPORT CAD FILE

Post > OSSmooth >
Select model>

2 | Select madel || « </ tes t 10 _ 1 _topo. . e 1
resultfiles: | « <ooth/test10_1_1topo 5 h == : : fem .sh |A_-|E—I|.I >
- | Geometry : I Geometry > STEP >
output: b | STER | units: b | mrm | [w : : threshold: 03 >
v isosurface threshald: | 0. 300 ;! .
—  connedtion detect : | Check iso surface
[ drawrecovery 1 :
____________________________________________________________ J
|
|

@- @?None MEh s OSSmooth

parameters... | I

|

- load geom |
papn

1 - none I |

¥ |

|

N T FE->surf 22! > save&exit

-
Features: feature angle: | 30 . 000D @ !_:

Surfaces: = | tMesh-Based Auto Tol
Surface Complexity: & ol &
< 1 3 e - ddE step T =0

€ test10_1_topo_menu
1| ] test10_1_topo_oss.step |
e o - - -

| test10_1_topo_s1
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CtS oS =4

« 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

: : . : 23
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1 FOREBROE #0.500
1
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1
1
: & create v | v | nodes I
1 © update

¢ global system |

hd egustion= |1 72

v | y-anis |

FOREEROZH0.500

F 2 & create

©  update

nodes N

4
4

Ak

global system I
equation= | -1 e
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= Analyziz pe

SPC
[ e ——
|E| * Load Stepz [2] :/ L0
: gl loadstep 1 a

_'_____________.K_______I

= Analysis bype
SPC
LOAD

. Nptimization Responzes (2 =

= Woomp 1 Dl
i ———————— -
~glis walfrac 2 0

+ “tiga Properties (1)
EHCR Tites (1)

Linear Static
[1]5PC
[3] laad2

v
MName Value
Solver Keyword DRESF1 ﬂ Select Loadsteps w0
MHame Weomp
D 1 v
Include [t aster Model] l
Response Type weighted comp N ———m—=
Property PROP_TOTAL =2| Ioadstep] 1 1
List Of Loadsteps Loadsteps L — _'
= Murnber OF Loadsteps 1
Loadstep Weights J£53]
DREPORT [}

EBER 1 selected.
Cancel
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3.92¢-004

Linear Static:
[115PC
[£] load

Iteration=11 value=3.92001e-005
O O | NN, SIS B
00034 -b - T
L T Brsnenn foeaeees
0001 -  EEEnCCEETELTER R EE R EEEEPR A
A : 6 o Iter
T T T T T T 7
ObjFun:MinimizeWCOMP ~ | Subcase: 1 Close

Lin || </ x |>

¢
'

i optimization
|

load step ‘4

Loadstep1 check
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A

EIE Load Collectors [3]
- @M sFC

[ X
HOE

o

0

. 9_',2_7H9| load collectors ‘48
2t 2t forces A4

I
|
|
|
I
FOREEROE 3500 I
|
I
|
|
|

r
1
1
1
1
1
: & create v | v | nodes I
1 update
B global system |
- enuation= |1 72
v | y-axis I
1
|
|
|
|
|
|
|
|
|
|
|
|
|
FOREEROZH0.500 |
|
|
F2 |
& create + | ~ | nodes N
©  update
s global system |
hd equation= | -1 72

hd | y-EXiS |




EI *'Lu:uadSteES_LEl______________‘/
1 ]

1 + loadstepd
|
L + loadstep?

= Analyziz pe

SPC

i LOAD

ol

"""""'X""""

= Analysis bype

Linear Static

SFC [115FC
LOAD (2] load?
z o Properties (1)
G- Titles (1) v
b4
Name Value
Sobver Kepword DRESF1 ﬂ Select Loadsteps %
Mame Weomp
D 1 r—~
Include [Master Model] | - V|
Responze Type weighted comp e e L o e e e
Praperty PROP_TOTAL | loadstepi 1 1
Ligt OFf Loadsteps Loadsteps |:| lnadstep? 2 1
= Mumber OF Loadsteps 2 o= = e -
Loadstep Weights ;.‘:n
DREPORT [}

H 3 &

1 zelected.

Cancel

Linear Static:
[115PC

[£] load I
|
|

Loadstep1 check

o

@ Convergence history for <week10_2_2 fem> x

0.000243

Iteration=27 value=0.000242944

Iter

—t——F—————F——————

Lin || <||x

> ObjFun:MinimizeWCOMP | Subcase: 1 Close
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= Analysis type Linear Static @ _'|:_7H2| load Step Acljkoﬂ

& -#,LDEE'_SLEES.LEJ.______________I/ spC 5P
at g loadstepl o] LOAD (2] load |
Ly + loadstep2 I:I: :
= Analysis bype Linear Static Loa d ste p2 C h ec k
SFC [115FC
LOAD (3] load2
E| ¢ Dptlmlzatlon Hesponses [2]
Wcomp D..
i} e
: fig Properties (1]
B3 Tites [1) v
b4
Mame Walue
Salver Keyword DRESF1 ﬂ celect Loadstens %
Mame Wioomp 4
D 1 =
Include [t aster Model] | ~ v|
Responze Type weighted comp o 55 " s s s s -
Froperty PROP_TOTAL D loadstepl 1 1
List Of Loadsteps Loadsteps | loadstep? 2 ]
= Mumber Of Loadsteps 2 mEmEmm—m————
Loadstep Weights ;.‘:.:.
DREPORT [} B

@ Convergence histery for <week10_2_2fem> X

Iteration=27 value=0.000242944

I:% I:B ‘:“r:‘ 1 selected.
Carcel

—

000243 | B I — —Fij — O er
Ln < x = ObjFun:MinimizeWCOMP | Subcase: 1 . Close 28
Copvriaht © Computational Desian Lab. All riaghts reserved.




g AN BRI RE Bl

& Wwoomp
- —

1 Dl
—————————

*F vilfrac 1]
t “tige Properties (1)
-3 Titles (1) S
b
Name Value
Solver Kemmard DRESF ﬂ Select Loadsteps %
Mame Wioomp
D 1 =)
Include [t aster Model] | ~ |
Response Type weighted comp MName |
Property PROP_TOTAL @ oadstepd 1
List Of Loadsteps Loadsteps |§| loadstep? 2 1
B MNurber Of Loadsteps 2 . ————
Loadstep Weights £23)
DREPORT [
I:E: I:E: ';2',:’, 2 selected.
Cancel
Salver Kepword DRESP1
Marne Woomp
D 2
Include [t azter Model]
Responze Type weighted comp
Froperty FROFP_TOTAL

List OF Loadsteps 2 Loadsteps
=l Mumber OF Loadsteps
Loadstep wieights

DREFORT

1 1
I=]é?il._l

| =

g Mumber OF Loadsteps

T Loadstep ID Weight |
L1 - S
2|1

Multiple loads (F1:F2=1:1)
—.

-y

F

Multiple loads (F1:F2=1:2)
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Loadstep1,2 check
> optistruct

Ot2i %5 load 27| 22 HEF
> optistruct

Iteration=31 value=0.000814766

I

10

=
ObjFun:MinimizeWCOMP | Subcase:

0.000815

fter

Close

Iteration=22 value=0.00123024

Iter

20

ObjFuNMinimizeWCOMP | Subcase:

Close
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= SA0| M8t 420 f
s A1t7F Lt 12, Multiple
loads8| 4% Z4Zo] 5t 2
50 cHet XMzt ZAutot Lt
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Single load 1 Single load 2

- Sl

Multiple loads (F1:F2=1:1) Multiple loads (F1:F2=1:2)

e J Yy
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create
update

v|v| nodes |H|
.

-

w

global swsterm _ e
equation= W - 500 / 3




DESIGN VARIABLE SETTING e

Analysis > optimization >
topology

— Design variable

Create

— Responses
— Objective

— Dconstraints

Bsvar = W
attice optimization T T T ———
parameters T .
d I~ PSHELL 1 | basathickness = 0.0
grauping
p
________________

— Opti control i

: : . : 33
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RESPONSE SETTING (1)

Analysis > optimization >
responses

L

—> DeS'Qn variable volumefrac > create

— Responses
— Objective
— Dconstraints

— Opti control

response = v ol frac I

4§|> i%
1

1

1

1

1

1
L
&
g
Io
1
1
1
1
1
1
L
1
1
1
1
1
1
1
1
1
L

: : . : 34
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RESPONSE SETTING (2)

@Analysis > optimization >
responses

— DESIgn Va”able yd I-'c'>'l=(dof2) H2| > create

— Responses

— Objective
— Dconstraints

— Opti control

response = i 5 | no regionid |
FESOONSETYOE e e e e s e e o e o
i static displacement I| nodes I4| O dofl o  dofd
Eommmm s s s s s s s "["rmr'nb'er's """"""" 1 & dofz ¢ doff
S TRA T r doff
" total rotation

total disp
|
I
|
|
|

By e e e g oy ezt -



OBJECTIVE SETTING

Analysis > optimization >
objective

— Design variable
Create

— Responses

— Objective
— Dconstraints

— Opti control

: : . : 36
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CONSTRAINTS SETTING

Analysis > optimization >
dconstraints

— Design variable

Y-displacement > -0.1Tmm

— Responses Create

— Objective

— Dconstraints

— Opti control

@ constraint = I d i = p 1

S i —— 4
||-7---------Ic:-wgrgu-ur::ﬂ-= _______ | =T
e mm==== pREEmTE === === s e et

37
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CONTROL SETTING

— Design variable

— Responses

— Objective

— Dconstraints

— Opti control

DESMAX: Maximum number of design iterations

DESMAX= 50 1
| 7 T T ¥ © 5% & & & 1 ]
MINDIM= 0.000
MATINIT= | 0.600
MINDENS= 0.010
DISCRETE= 3.000 |

-
I TEN KN

CHECKER= 1 j
MMCHECK= 0

I

|
OBJTOL: 0.5% change in the objective function

-
0.003 1
4

L

Analysis > optimization >

opti control

-

DELSHF=

0.500

DELTOP=

0.200

GBUCK=

0.500

MAXBUCK=

0

DISCRT1D=

10

1.000

DISCRETE: Higher values decrease the number of elements that remain between 0 and 1.

CHECKER: Checkerboard control option. (0 = no checkerboard control)
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Contour Plot  convergence istory for <dsplem x
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Contour Plot Convergence history fo <dispfem x
Displacement() SR
Analysis system
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[w dofl = | 1] 0 oa
[w dofZ = | 0 0 oa
[w dof3 = | 0 0 oa
[ dofd = | 0 0 oa
[ dofb = | 0 0 oa
': [ doff = | 0 0 oa
1 load types = | S P C
’ T
|
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HH 2H
AL
{ Tz, Rx, Ry 5
|
|
[ dofl = | il ooan
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[ dofi = | il ooan
[ dofd = | 0 o oo
[ dofs = | 0 o oo
[ dofs = | ] oo
load types = | 8P C
i
|
3Salme Value
Solver Keyword MATH Material > Rho > 7.85e-9
h ame zhesl .
= 1 =7t
Color O
Irclude [Maszter Madal]
Defined
Card Image AT
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Agzembly

Erpand All
Collapse All

Beam Section Collector
Beamsection
Elock

Configure Browser

Companent
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Contact Surface
Cross Section
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Field

Group

Include File
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Load Step

Material
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D
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Include
Card Image
Uszer Comments
41
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MD
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ame
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MName
D
Include
User Comments

Value

EIGRL

EIGRL

2

[l |

[t azter Model]
EIGRL

Hide In Menu/Expart

20

MASS

Walue

SUBCASE

loadztepl

1

[Master Model]

Hide Ir benu/Export

=l Subcase Definition

=] |Analysis tupe

Mormal mo

SPC

MFC

METHOD [STRUCT)
METHOD (FLUID]

STATSUE (PRELOAD)

1] zpc
<Unzpecified:
[2] EIGRL
<Unspecified:>

<Unspecified:>
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Create > Load Collector

Name > EIGRL
Card Image > EIGRL
ND > 20

Create > Load Step

Analysis type
>Normal Modes
SPC > spc
METHOD(STRUCT)
> EIGRL
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DESIGN VARIABLE SETTING e

Analysis > optimization >
topology

— Design variable

Create

— Responses
— Objective

— Dconstraints

Bsvar = W
attice optimization T T T ———
parameters T .
d I~ PSHELL 1 | basathickness = 0.0
grauping
p
________________

— Opti control i

: : . : 45
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RESPONSE SETTING (1)

Analysis > optimization >
responses

L

—> DeS'Qn variable volumefrac > create

— Responses
— Objective
— Dconstraints

— Opti control

response = v ol frac I

4§|> i%
1

1

1

1

1

1
L
&
g
Io
1
1
1
1
1
1
L
1
1
1
1
1
1
1
1
1
L
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RESPONSE SETTING (2)

Analysis > optimization >
responses

L

— Design variable

Frequency > create
Mode number > 1
Loadsteps check (X)

— Responses

— Objective
— Dconstraints

— Opti control

_________________ -
response = L—'req_ .! no regionid

response type

Alr

4|0

freguency Mode Number: | 1
-------------------- [ FRF based mode identification

: : . : 47
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OBJECTIVE SETTING

Analysis > optimization >
objective

— Design variable
Create

— Responses

— Objective
— Dconstraints

— Opti control

response = | f r e q

loadstep

: : . : 48
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CONSTRAINTS SETTING

Analysis > optimization >
dconstraints

— Design variable

volfrac £ 70%

— Responses create

— Objective

— Dconstraints

— Opti control

@ constraint = g v ol froac 1
— J

g [ =~ =11 1 s I pp——— R T

: : . : 49
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CONTROL SETTING

— Design variable

— Responses

— Objective

— Dconstraints

— Opti control

DESMAX: Maximum number of design iterations

DESMAX= 50 1
| 7 T T ¥ © 5% & & & 1 ]
MINDIM= 0.000
MATINIT= | 0.600
MINDENS= 0.010
DISCRETE= 3.000 |

-
I TEN KN

CHECKER= 1 j
MMCHECK= 0

I

|
OBJTOL: 0.5% change in the objective function

-
0.003 1
4

L

Analysis > optimization >

opti control

-

DELSHF=

0.500

DELTOP=

0.200

GBUCK=

0.500

MAXBUCK=

0

DISCRT1D=

10

1.000

DISCRETE: Higher values decrease the number of elements that remain between 0 and 1.

CHECKER: Checkerboard control option. (0 = no checkerboard control)
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MODE TRACKING

INITIATE

V.

' DESIGN
| VARIABLES | Extracted Modes ®y Reference Mode @ ref
N ® BISiasa s
. SENSITMITY DEPMTE jsEtairh ez :
| CANALYSIS JECTIVE
! FUNCTION
! $ T I e s aa s

' S — JSSSSSEratinis iad H

i N | EEEECHITE HE
Er— CHECK MAC [ >

DESIGN | . s 2 % y
VARIABLES MODE WA i
- | !Exm.au:noml ettt T /' Check MAC (@ ret., ®k )
AT SAMPLING |
3 POINTS | 1)
_“CONVERGENCE T /
: CHECK " NO Objective Mode M ob.
YES
- e -
sToP .
- ¥
|¢l:,lll‘;;| @, = ®; such that max [MAC{@M,QH],
MAC(®,.0;) = ;
( a ﬂ)[ b 1'3'}

k et I_._21 0 -.‘WTHJ‘

Kim, T. S. and Y. Y. Kim (2000). "Mac-based mode-tracking in structural topology optimization." Computers & Structures 74(3): 375-383.
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MODE TRACKING SETTING

response = | w f r e q

= response type

- 1 weighted freg I
o e e e e 2
@- tode Weight |
[ T 1. 000 |
| z T 000e-270|
| 3 T . 000e - 20
[ 4 1 0 00e-20 |
| 5 T .000e-220 1
| T T 000 |

response = w w f r e q i

4 A|CH3} Al, weighted
7t 220 X7 E £ of

freqll 42 min2 2 X|7d
A= (1/f)
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optimization > responses
> weighted freq 1 &4

L

Mode: 1,2,3,4,5
| Weight: mode 10f 1,
1 0]2f 1e-20 ¥H
|
|
|
|

@optimization > objective >
“min &4 > wfreq 4E4
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MODE TRACKING SETTING

PARAM ZtE 0| M
MODETRAK M3 >
MODET V1: YES

L

@@J PARAM 1 0

|
|
= MODETRAK i (mode tracking ON)
MODET 41 YES |
|
|
|
5 TRAKMETH @PARAM 7FE 0| A
VALUE 1 ' TRAKMETH M3 >

VALUE: 1
(MACSR A EH)

T
VALUE: 0 (defaulty ~CORC(2" 1 #1) = (-i-““ 1]) M (F) g (k)

(0 1) 3B

VALUE: 1 MACSR(®* Y &) =
* B0 |30
(B 1) 30 ]’
VALUE: 2 MAC(3* Y, $H) =
=0 [

: : . : 55
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RESPONSE HIJ__"_ R 2 E

response: frequency

fesponse - [ T renq frequency vs. weighted freq
S response type o St 747 o
- | fraquency | -|-|—A|'<|3’_|' EJ_l- EE

Max freq 1: 5483
freq 2: 5532

freq 3: 6088

freq 4: 8373

freq 5: 10156

response: weighted freq

response = | w f r e q
response type
weighted freq I

4|0

Max freq 1: 5488
freq 2: 5517

freq 3: 6091

freq 4: 8354

freq 5: 10182
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MODETRAK: OFF

Freq 5 Mode tracking ‘OFF" Z 1}

8000

Walue

Freq 3

6000

Freq 2

000

=/ / Freq 1

Max freq1: 5488

1 H H 4 5 [ 7 [ Q 10 it 12
Reration

MODETRAK: ON, TRAKMETH: 1 (MACSR)

/ Freq 3

Mode tracking 'ON’
TRAKMETH ‘1" Z1}

Mode switching

Freq 5

Freq 1

Max freq1: 6435

&
lteratian

: : . : 57
Copvriaht © Computational Desian Lab. All riaghts reserved.



ADDITIONAL RESULTS

Maximum frequency: 1, 2

Max freq 1: 5971
Max freq 2: 7092

7
teration

Maximum frequency: 1, 2, 3, 4, 5
1,2,34,5% D 730bs Z[TY

g 21t

Freq 4

nnnnn

nnnnn

nnnnn

Max freq 1: 4783
Freq 1 Max freq 2: 6542 C
Max freq 3: 10556
Max freq 4: 14830

: : . : 58
Copvriaht © Computational Desian Lab. All riaghts reserved.



ADDITIONAL RESULTS o

Mode shape H|il (maximum frequency: 1, 2, 3, 4, 5)
1A} B E 2Kl B
Initial iteration Final iteration Initial iteration Final iteration

3kl 2 E 4X} R E

Initial iteration Final iteration Initial iteration Final iteration

5X} B E

Initial iteration Final iteration




2D STRUCTURE
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Analysis > optimization >
topology > pattern
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3D STRUCTURE
AUTOMOTIVE CONTROL ARM



XA 2 2

Double wishbone

: : . : 65
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BMW NEW 5 SERIES

Rear: Macpherson type

Front: Double wishbone type

¥
Lower trailing link Steering tie rod

)

: : . : 66
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BENZ E CLASS

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

Stabilizer bar BB\ Stabilizer bar link
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0f| X|: AUTOMOTIVE CONTROL ARM

.000E-01
1.000E+00D

17 28 g4 =t

e T

Constraint( dof S1239<

F=1000N

Fig 1 Finite element analysis

2%

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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DESIGN VARIABLE SETTING e

Analysis > optimization >
topology

— Design variable

Create

— Responses
— Objective
— Dconstraints

— Opti control

+ create deswvar = =||=5 o i d i o I
C update ™ latiice optimization s ——— skttt sl Ll L L a—l
" parameters

" draw

" extrusion

~

~

pattern grouping
pattern repetition

I
" [] nondesign i
v [ design ;
1
]
1

: : . : 72
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RESPONSE SETTING (1)

— Design variable

— Responses
— Objective
— Dconstraints

— Opti control

response = v ol frac I

o=

[ [ nondesign
W[ design

"
1
1
1
1
1
1
[
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Analysis > optimization >
responses

L

volumefrac > create
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RESPONSE SETTING (2)

Analysis > optimization >
responses

L

— Design variable

|
|
i total disp
|
i Create
— Responses :
|
|
|
- - I
— Obijective ropEeRsEmmee  f
"ORCE =1000.0 |
. |
— Dconstraints |
|
|
|
— Opti control |
|
|
|
|
|
|
|
e! no regionid
| duﬂi ¢ dot
T onambers £ dofel ¢ odofs
I__dDﬂL-- © doff
I ¢ total rotation
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OBJECTIVE SETTING

Analysis > optimization >
objective

— Design variable
Create

— Responses

— Objective
— Dconstraints

— Opti control

___________ e —
| 1 mmin 1 rESpONSe = § vol frac,)
L F H A L B . S |

: : . : 75
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CONSTRAINTS SETTING

Analysis > optimization >
dconstraints

— Design variable 370 2] constraints

Brake < 0.05

|

|

|

|

|

I Corner < 0.02
— Responses | Pothole < 0.04

JEIEIRNES

|

|

|

— Objective

EI 1ot Optimization Constraints [3)

— Dconstraints

— Opti control

@ constraint = r]r con s tor 1 1
L R a

A Jowerbound= 10 00 e v 2 O
1 [ upper baund = D05 01
T T T T T T ¥ ¥ T T T T 31ttt 1t Tt TS F ]

[ cormer
1| pothole
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CONTROL SETTING

— Design variable

— Responses

— Objective

— Dconstraints

— Opti control

DESMAX: Maximum number of design iterations

DESMAX= 50 1
| 7 T T ¥ © 5% & & & 1 ]
MINDIM= 0.000
MATINIT= | 0.600
MINDENS= 0.010
DISCRETE= 3.000 |

-
I TEN KN

CHECKER= 1 j
MMCHECK= 0

I

|
OBJTOL: 0.5% change in the objective function

-
0.003 1
4

L

Analysis > optimization >

opti control

-

DELSHF=

0.500

DELTOP=

0.200

GBUCK=

0.500

MAXBUCK=

0

DISCRT1D=

10

1.000

DISCRETE: Higher values decrease the number of elements that remain between 0 and 1.

CHECKER: Checkerboard control option. (0 = no checkerboard control)
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I

« Topology Optimization Manufacturability

» Member Size Control

» Draw Direction Constraints

> Extrusion Constraints

» Pattern Repetition
» Pattern Grouping

» Combine Pattern Repetition and Grouping
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XA 2 2

@Analysis > optimization >
topology > draw

Draw direction
: First node > Anchor node
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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
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