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« OIX =X

» 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

l > XA

Shape optimizat'pn

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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222! Create > Material

Name > steel

EHE A == (E)

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

Mz 4

Create > Property
Card Image > PSHELL
Material > steel
T>1mm

Name > 2D
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2D > planes > 47 line
0000000000000 00000055000000000000 Eﬂ > Create

Elem size > 5 > recalc
all > mesh > return
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Create
update

FORZE =1.000

s global systerm |
- magnitude = | -1 . 000
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Load Collectors
Name > SPC
BCS > Creates >

Constraints
kL

Load Collectors
Name > load

BCS > Creates > Forces
7t20 BEO vyRbe tH

-

StE (-1N) 2

Load steps
Analysis type
> Linear Static
SPC > SPC
LOAD > load
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DESIGN VARIABLE SETTING o
@Analysis > optimization >
¥ topology

— Design variable

Create

— Responses
— Objective
— Dconstraints

— Opti control

esvar = W
aftice optimization
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RESPONSE SETTING (1)

Analysis > optimization >

@ Responses

— Design variable create

— Responses

— Objective

— Dconstraints

— Opti control

. . . . 13
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RESPONSE SETTING (2)

— Design variable

— Responses
— Objective
— Dconstraints

— Opti control

_________________ 1
response = :| W oom p 1

3 BN ] |mmmmm—m— e —————————— |
- weighted comp 1 loadsteps I4 i
____________________ — h__________&:_________a
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Analysis > optimization >

@ Responses

Create
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OBJECTIVE SETTING XHHI 2R
@Analysis > optimization >
» Objective

— Design variable create

— Responses

— Objective
— Dconstraints

— Opti control

. . . . 15
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CONSTRAINTS SETTING

Analysis > optimization >
® Dconstraints

— Design variable

— Responses

— Objective

— Dconstraints

— Opti control

________________________________

@ constraint = l woo |of 1 response = | v o I f rac :
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o i o o i
L|7 upper baund = 0. 30 D:

|I:| YWicomp |
I:I wolfrac |

. . . . 16
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CONTROL SETTING

— Design variable

L

Analysis > optimization >
Dconstraints

Create

— Responses

— Objective

— Dconstraints

— Opti control

v DESMAX= | — so) i~  osmo= | 0.005 |
T MINDIM= sooo . DELSIZ= 0500
|— MATINIT= | 0.500 [ DELSHP= | 0.200
I __ MINDENS= | 0.010 _ - DELTOP= | 0.500
: v DISCRETE= 3.000 1 [ GBUCK= | 0
:_:—__ CHECKER= ___________1_: [ MAXBUCK= | 10
- MMCHECK= 0 |_ DISCRT1D= | 1.000
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export options: e unoptions: memaory options
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Iso
® Current value > 0.3

Apply
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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

. . . . 21
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1
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:El @ Load Steps [2)

I gh loadstepl
L + oadztep
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‘wicomp
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Mame
Salver Kepword
Mame
[
Include
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List Of Loadsteps
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Loadstep Weights

DREPORT
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Weomp
1
[Master Model]
weighted comp
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Loadsteps

o -

= Analyziz type
SPC
LOaD

g select Loadsteps X
mTme———T
E loadstepl 1 1

L ——

1 zelected.

Cancel
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Linear Static
[1]15PC
[£] load

load step &9

Loadstep1 check

optimization
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EI 4. Load Callectars [3)
W SR 0
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E Analysis type Lirwear Static _$_ 7H 9_| load Step g g
R L1 SPC (1) 5PC
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Iu:uau:lstem

= Analyziz type
SPC
LOaD

1 + loadstep2

EII

"""""X""'"'

@—?—WP_I load step 4

= Analyziz type

Linear Static

Loadstep?2 check

SPC []5PC
LOAD (3] load2
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-3 Titles [1) w
b4
Marne Walue
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Include [t azter bodel] q |
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List Of Loadsteps Loadsteps Ii. Ioadste
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‘Wecomp
Wi volfiac

‘g Froperties [1]
-3 Titles (1)
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Solver Kemyord
Marne
10]
Inchide
Response Type
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List OF Loadsteps

= Mumber OF Loadsteps

Loadstep Weights

DREPORT

+ create -

C  update

pinizatn Resperses (2

Value
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Wicomp

1

[t aster Model]
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PROP_TOTAL

ﬂi Select Loadsteps *

MName D
---------
Ioadstepl 11
loadstep2 2 1
_________ ]

2

5

global system

I:% l:B ‘:“6 2 selected.

Cancel

4|0

magnitude =

y

Multiple loads (F1:F2=1:1)

Loadstep1,2 check

> optistruct

Of2iZ load 27| 22 H

> optistruct

_
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Combined load

]

Single load 1 Single load 2
-y — .
" _
i _
Multiple loads (F1:F2=1:1) Multiple loads (F1:F2=1:2)
| ; I
A ‘ A -
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2D STRUCTURE
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7|2 -500 N 22

FORCE =500.0

(v cCreate - - nodes I

" update

global svstem _I_________ S
magnitude = | 1 - 500 00 0

- W-EXIS

4[4

. . . . 30
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DESIGN VARIABLE SETTING o
@Analysis > optimization >
¥ topology

— Design variable

Create

— Responses
— Objective
— Dconstraints

— Opti control

esvar = W
aftice optimization
PPPPPPPPPPP g A o g
d R PSHELL 1 | hasdthickness = 0.0
grouping
p

[ e o e e e o e e -
I ~O 0 I
1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
Y e e T J

. . . . 31
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RESPONSE SETTING (1)

Analysis > optimization >

@ Responses

— Des'Qn variable Volumefrac > create

— Responses

— Objective

— Dconstraints

— Opti control

. . . . 32
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RESPONSE SETTING (2)

L

— Design variable

— Responses

— Objective
— Dconstraints

— Opti control

FORCE =500.0

no regionid

Analysis > optimization >
» Responses

YEISHdof2) B > create

response = T 0 s 1] 1 = |
tesponsetype T [ e mm e ———————
1 static displacement 1 nodes I‘ I ,_C_QQU___I

S ———— - "T--HJHEETS -------------- L & dof? 1

& total disp

IS T T

dofd
dofh
dofh
total rotation

Sy e e e ety TP S~



OBJECTIVE SETTING XHHI 2R
@Analysis > optimization >
» Objective

— Design variable create

— Responses

— Objective
— Dconstraints

— Opti control

. . . . 34
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CONSTRAINTS SETTING

Analysis > optimization >
Dconstraints

— Design variable

Y-displacement > -0.Tmm

— Responses create

— Objective

— Dconstraints

— Opti control

_ _ [ o e e
constraint = I d i s p 1 1 response = d i s p :
_______________________ ff. " e e
1w loweer bound = -0 . 100l 1 loadsteps I4 :
*—- ------- wﬁﬂjﬂm€= ------- f --- 1--ﬂ-wﬂ-g-+-?ﬂ- o o o o - Y----
I
I
I
P
: 1 v loadstepl :
1 |
Loy |
L |
: - J
|
I

. . . . 35
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CONTROL SETTING

— Design variable

L

Analysis > optimization >
Dconstraints

Create

— Responses

— Objective

— Dconstraints

— Opti control

v DESMAX= | — so) i~  osmo= | 0.005 |
T MINDIM= sooo . DELSIZ= 0500
|— MATINIT= | 0.500 [ DELSHP= | 0.200
I __ MINDENS= | 0.010 _ - DELTOP= | 0.500
: v DISCRETE= 3.000 1 [ GBUCK= | 0
:_:—__ CHECKER= ___________1_: [ MAXBUCK= | 10
- MMCHECK= 0 |_ DISCRT1D= | 1.000
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@ topo2 fem - Hyperwerks Solver View - o x G h I k
Solver: | optistruct_2017.2 wingd exe @ (Convergence history for <topo2.fems X rap clic
Input file: topoz.fem Job completed IGEFD?—TS :—ZHU-E—-O;I 5-08-5
i R b peseecacRamcm0s = o
i
Run command: ../hwsolver tcl -solver OS -screen ./topo2.fem H i - —_
e . : : 2SS 30| 5 5§15 9
1 : : - 1 3371 = - .
Messages for the job: T T WaDier PR RTT 0.0 i 1
n 0 0bjFun:HininizeYOLFR 0 05 : 1 1
TPTIMIZATION HAS CONVERGED. 1§ lesonstrviol () R , ,
FEASIELE DESIGH (ALL CONSTRAINTS SATISFIED), 12 B geifunMininizesLFR 5 gemse ' '
13 T MaxDisp 474 -0.0097767 0.8
13 0 ObjFun:MininizeyOLFR o 0.515085 H H
13 0 MaxConstriial (%) 1) 1) ' 1
< > 1 1
Run summary H i
- : : isol =13e]|
O | | Displacement(y) =72
This run will use in-core processing in the solver, DBt -------Bgm - e e PP B
OPTIMIZAT IOH HAS CONYERGED, ! b
FEASIBLE DESIGN (ALL CONSTRAINTS SATISFIED), : :
0.515 h "
=== End of solver screen output === ! '
====Job cowpleted ==== i .
2 4 6 8 10 Iter,
T T T T t T T T — T T ]
Resuits View -~ Close Lin ||<||;||:| |ObjFun:Minimize\-’0LFR v| Subcase: 1 | Close

Hia @ Lt e D A&

Tt Qidnla- : 9 & B
Design History

LY LR S T R Y.

B Bov It

Iso = -9.978E-02
Max = 0.000E+00
Grids 5

Min = -9.978E-02
Grids 47




Entities D ) Include
-l Aszembly Hierarchy
‘& Components (1)

v+ Design Variables (1)
- 1 ]
4. Load Collectors (2]

1m0
. :@ 0
‘gh Load Steps (1)
+ lnadstepl 1 ]
‘& Materials (1)
- Objectives 1)
]y objective 1 i
I disp 1 1}
G Optmization Contrals (11—

- [ optiztruct_opticontrol 1 ]
w0 Optimization Responses (2]

: wi volfrac 2 i
gl dizp 3 0
f&g Properties (1)

BB Titles (1)

Mame Value
Sokver Keyword DCOMSTR
Mame digp
1D 1
rclide _ _ _ _ _JMosie Mgl _
J Lower Bound 01
ToperBourd
Responge [3] dizp
List of Loadsteps 1 Loadsteps
FROE

Sobkver Kepwond
M arne

o]

Includs

Lower Bound
Upper Bound
Responze

List of Loadsteps
PROB

DCOMSTH
disp

1

[Master Madel]
0.2

(2] dizp
1 Loadsteps

Mame
Sobkver Kewword
M arne:
D
Include
Lower Bound
Upper Bound
Response
List of Loadsteps
PROEB

Value
DCOMSTR
disp
1
[Master Model]
0.3

(3] dizp
1 Loadsteps
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— (0.000E+HI0
w— -1.109E-02
-2.217E-02
-3.326E-02
-4 435E-02
-5.543E-02
-6.652E-02
— -7.760E-02
— -8.869E-02
o— -9.978E-02
B o result

Iso »-9.978E-02
Max = 0.000E+0

Grids 5

Min = -9.976E-02

Grids 47

Contour Plot
Displacement(Y)
Analysis system
— 0.000E-+00
v -2.214E-02
-4 429E-02
-6.643E-02
-8.856E-02
-1.107E-01
-1.329E-01
— -1.550E-01
— -1.772E-01
— -1.993E-01
B Do result

tax = 0.000E+00

Grids 5
Min = -1.993E-01
Grids 47
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Contour Plot
Displacement(’Y)
Analysis system
— 0.000E-+I0

.
-6.655E-02
-9.982E-02
-1.331E-M
-1.664E-01
-1.996E-01

— -2.329E-01
— -2.662E-01
— -2.995E-01

W No result
Max = 0.000E+00
Grids 5

Min = -2.985E-01
Grids 47
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2D STRUCTURE
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A M
FEE B
v dofl = 0 0 oa
v
] v dof? = 0 0 oa
v
[w dofd = | 0 0 oa
[ dofd = | 0 0 oa
[ dofb = | 0 0oao
[ dofb = | 1] 0 oa
load types = | S P C
!
~
HH 2E
AL
Tz, Rx, Ry 7+
|
|
[ dofl = | il ooan
[ dof2 = | il ooan
[ dofi = | il ooan
[ dotd = | n oo
[v dofs = | n oo
[ dofs = | ] oo
load types = | 8P C
1
|
!
3Same Value
Sobver Keyword___ MATT Material > Rho > 7.85e-9
t ame sheel .
ID 1 =7t
Color O I
Iriclude [ aster M adel] :
Defined I
Card Image MaTI |
Uzer Comments Hide: In Menu/E =port |
E Z10000.0 |
c |
i | Ny p—— | b S pp———— I
I AHo 7.652009 oy
I
|
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Agzembly

Expand All
Collapze All

Beam Section Collector
Beamsection
Elock

Configure Browser

Companent

Contact

Contact Surface
Cross Section
Curve

Feature

Field

Group

Include File
Laminate
Load Collecto
Load Step

Material
tultibody

Azzembly

Expand All
Collapse Al
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Contact Surface
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Curve

Feature

Field

Group

Include File
Laminate
Load Collector

I aterial
Multibody
Output Block.
Parameter
Plat

.

e ———————
ame Value 1
Solver Keywaord ElGRL :

| Mame EIGRL 1
1 D ? :
: Color B 1
1 Include [Mastar Madel] 1
I Card Image EIGAL "
: User Cormmments Hide In Menu/Export 1
v :
: Y2 I
| MND 3 I
I MsGELVL "
| MAXSET I
I SHFSCL :
: NORM MASS I

ame Walue 'I
Solver Keyword SUBCASE ]
Mame lnadstepl :
D 1 1
Include [Master Model] 1
|dzer Comments Hide In Menu/Export :

= Subcase Definition 1
= |Ana|_l.Jsis tupe :
SPC 1

MPC <Unspecified: 1

METHOD [STRUCT) [2] EIGRL :

FMETHOD [FLUIDY) <Unzpecified> 1

STATSUB [PRELOAD) <Unzpecified> :
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Create > Load Collector

Name > EIGRL
Card Image > EIGRL
ND > 6

Create > Load Step

Analysis type
>Normal Modes
SPC > spc
METHOD(STRUCT)
> EIGRL
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DESIGN VARIABLE SETTING o
@Analysis > optimization >
¥ topology

— Design variable

Create

— Responses
— Objective
— Dconstraints

— Opti control

esvar = W
aftice optimization
PPPPPPPPPPP g A o g
d R PSHELL 1 | hasdthickness = 0.0
grouping
p

[ e o e e e o e e -
I ~O 0 I
1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
Y e e T J
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RESPONSE SETTING (1)

Analysis > optimization >

@ Responses

— Des'Qn variable Volumefrac > create

— Responses

— Objective

— Dconstraints

— Opti control

. . . . 44
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RESPONSE SETTING (2)

Analysis > optimization >

@ Responses

Frequency > create
Mode number > 1
Loadsteps check X

— Design variable

— Responses

— Objective
— Dconstraints

— Opti control

_________________ 1
@ response = freq 1 S no regionid

response type

freguency I Mode Mumber: 1 :

[ FRF based mode identification

4|0

. . . . 45
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OBJECTIVE SETTING XHHI 2R
@Analysis > optimization >
» Objective

— Design variable create

— Responses

— Objective
— Dconstraints

— Opti control

response = | f r e q

loadstep

. . . . 46
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CONSTRAINTS SETTING

@Analysis > optimization >
Dconstraints

— Design variable

Volfrac £ 70%

— Responses create

— Objective

— Dconstraints

— Opti control

@ constraint = I vol trac 1
G

o lowerbound=_ R O O Y-S -
=|_7 upper bound = | 0 70 D:

. . . . 47
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CONTROL SETTING

— Design variable

L

Analysis > optimization >
Dconstraints

Create

— Responses

— Objective

— Dconstraints

— Opti control

v DESMAX= | — so) i~  osmo= | 0.005 |
T MINDIM= sooo . DELSIZ= 0500
|— MATINIT= | 0.500 [ DELSHP= | 0.200
I __ MINDENS= | 0.010 _ - DELTOP= | 0.500
: v DISCRETE= 3.000 1 [ GBUCK= | 0
:_:—__ CHECKER= ___________1_: [ MAXBUCK= | 10
- MMCHECK= 0 |_ DISCRT1D= | 1.000

Copvriaght © Computational Desian Lab. All riaghts reserved.

48



LELE P M T A LR

i LA AR T igdat O O il PR DS Er A

Design History

Eigen Mode =9I

Session  Results %

P

- 09 @ BOF: W ISGLIUZYO LD %S L28E:0-00000

Undeformed shape:

Deformed shape: Resalved in:
Fiesult type: [Eigen modk [+) =] [GloblSystem (proj norel =] | Show [Edges -

Scde: Seale factor - System 1L Color. |Comporent | BBl
Type Uniform -l I™ Move with racking system

Walue: 0.050000
Apply I

Fles D@ @
& 110 <

———————————— - - ——

Iteration 13 v;
|Subcase1 [loadstepl] - Mode 1 - F = 5.757303E+03 VE
1
v@——-——-——-——-——-——wv
B B S - % - 1

|Entities @ 0l@ e
I

|

|

|




x| 3} @ﬂr.

LA

1 1p2<|> €

5757 5832 6304

&
0t
0t
0Z

g
2
By
_|"_"_|
+

. . . . 50
Copvrioht © Computational Desian Lab. All rights reserved.



2D STRUCTURE
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Analysis > optimization >
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Pattern type > 1-pin sym
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3D STRUCTURE
AUTOMOTIVE CONTROL ARM

1
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XA 2 2

Double wishbone

R 4 - AR - 1a

Trailing arm with twisted(torsion) beam

Taniyge.
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BMW NEW 5 SERIES

Rear: Macpherson type

Front: Double wishbone type

. . . . 57
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BENZ E CLASS

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

Stabilizer bar B\  Stabilizer bar link

Lower trailing link

Toe control link Lower arm

Steering tie rod

Coil spring, Shock absorber, Strut

[ e
U o o o o o e e
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O| X|: AUTOMOTIVE CONTROL ARM

Constraint( dof e

F=1000N

Fig 1 Finite element analysis

EHEA =H A=t
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 o
@Analysis > optimization >
¥ topology

Create

— Design variable

— Responses
— Objective
— Dconstraints

— Opti control

R
* create desvar = :ﬂ s o | i d 1 I props .ili
; — " S 4 LT -----------------
update [ lattice optimization |
"  parameters |
 draw :
~  extrusion |
¢ pattern grouping :
" pattern repetition rmEmmmmmmmEmm——————— ';
1] o
i [ O nondesign
- - :
| w [ design i
1 1
I| 1
Iy 1
e — !

. . . . 63
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RESPONSE SETTING (1)

Analysis > optimization >

@ Responses

— Des'Qn variable Volumefrac > create

— Responses

— Objective

— Dconstraints

— Opti control

. . . . 64
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RESPONSE SETTING (2)

Analysis > optimization >
Responses

— Design variable

|
|
| total disp
|
|
| create
— Responses ;
|
|
- - I
— ObJeCtlve FOREQBQEUTJHJDUD i
‘ORCE =1000.0 I
. |
— Dconstraints }
|
|
— Opti control i
|
|
|
|
|
|
|
$I no regionid
|
| dofl|  dofd
ST Tmmbore ¢ dof2] © dofs
.i"._d.afi|___ © doff
|f" tDtﬂI'dlsp ¢ total rotation



OBJECTIVE SETTING XHHI 2R
@Analysis > optimization >
» Objective

— Design variable create

— Responses

— Objective
— Dconstraints

— Opti control

Easmm————— L g e e e -
. L]
| L rrin 1 response = f vo |l froa )

. . . . 66
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CONSTRAINTS SETTING

Analysis > optimization >
Dconstraints

— Design variable 3702| constraints

|

|

| Brake < 0.05

| Corner < 0.02
R !

Responses | Pothole < 0.04

| ZFZF AH A

] 171 OO

|

|

|

— Objective

El jig Dptimization Congtraints [3)

— Dconstraints e

|
— Opti control i
I

@ constraint = I cons tr1 1 :----IESTJD-I"I;E: ------ | d i s p :
o e e e e e e

rl:— lower bound = __—__1_.__D_£_I]__e_+__2_ﬂ_= 1 loadsteps 4 :

v upper bound = n . 50
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1 comer

: [ pothole
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CONTROL SETTING

— Design variable

L

Analysis > optimization >
Dconstraints

Create

— Responses

— Objective

— Dconstraints

— Opti control

v DESMAX= | — so) i~  osmo= | 0.005 |
T MINDIM= sooo . DELSIZ= 0500
|— MATINIT= | 0.500 [ DELSHP= | 0.200
I __ MINDENS= | 0.010 _ - DELTOP= | 0.500
: v DISCRETE= 3.000 1 [ GBUCK= | 0
:_:—__ CHECKER= ___________1_: [ MAXBUCK= | 10
- MMCHECK= 0 |_ DISCRT1D= | 1.000
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AUTOMOTIVE CONTROL ARM
(VOLUME MINIMIZATION PROBLEM)

M= =4 F71



@Analysis > optimization >
» topology > draw

Draw direction
: First node > Anchor node

yA=13=13
o o
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~— " "ORGE = 1000.0
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T W ivivivivivivivivivivivivivivivivivie N 20N
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XA 2 2

HAEXAH SIS Extrusion(z), no twist

Obj = 0.0867 Obj = 0.1780

Draw single(z) Draw split(z)
Obj = 0.1662 Obj =0.1294




XAl 2 =
=X|: 2D £H|

« 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

73
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XAl 2 =
=X|: 3D &H|

« 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
Y
F=4000N F=4000N

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

W
H L Wv,H
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