Topology Optimization for Front Crossmember

Computational
C Design
Lab



' CDIL gz
Outline

- Motivation

- Modeling

- Topology Optimization
- Future Work

HANYANG UNIVERSITY




n - CC: D L %g;:lational
Motivation
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’I/ Motivation

Design Space

Topology Optimization

 Bending
@  Torsion
 Crashworthiness
Multiple load cases

Initial Design
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’I Modeling

Model Info: D/HyperMesh/project/project_mmto/project_mmtohm

 Reference Model

Longitudinal beam
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Model Info: D/HyperMesh/project/project_mmto/project_mmto.hm
H8 mesh size=5
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Li, C., & LTr’ﬁ,xl. Y. (2018). Multi-material topology optimization for automotive design problems. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of
Automobile Engineering, 232(12), 1590-1609. HANYANG UNIVERSITY
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Modeling
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The information for calculating loads is based on the Genesis G80.
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’I Single Material Topology Optimization - Bending
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min : C

s.t : Volume fraction £0.3
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’I SMTO - Bending

M e X

Contour Plot
Element Densities(Density)
1.000E+00

[ 8.900E-01
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1:Model
Design : Iteration 34 : Frame 25

Compliance [Nmm]

Volume Fraction
(Steel)

Mass [kg]

Initial Design

1.11022E+04

0.3

7.772E-02

Optimal Design

2.449E+02

0.3

7.772E-02

97.79% &A™
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’I SMTO - Torsion

M =771750N - mm

z
¥ X

M =—-771750N - mm

min : C

s.f : Volume fraction £0.3
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’I/ SMTO - Torsion

Contour :

Eiment Cpgadaipansi) R el Contour Plot 1: Model
0008 Element Densities(Density) Design : Tteration 20: Frame 25
S0t

[ 200 1.000E+00

g o 8.900E-01
5600

I 7.800E-01
- — 6.700E-01

[ 2001 [ 5.600E-01

o 4.500E-01

3.400E-01
2.300E-01
1.200E-01

1.000E-02
No Result
Max = 1.000E+00
3D97
Min = 1.000E-02
3091793

Volume Fraction
(Steel)

Initial Design 3.40625E+01 0.3 7.772E-02

Compliance [Nmm] Mass [kg]

Optimal Design 2.04965E+01 0.3 7 772E-02
39.8% Zta HANYANG UNIVERSITY 10
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’I/ SMTO - Crashworthiness

A HFHE FEE
lter : 4 lter : O

lter : 11 lter : 7

Iter : 18 Iter : 14 HANYANG UNIVERSITY 13
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SMTO - Crashworthiness

__Initial Design 20 Optimal Design
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min=A(0. . min=A(0,2 :
maxcA(0.085.1.91e+04) 1o Maxeh(0 084 B1e+04) Time

Compliance (MAX) Volume Fraction
[Nmm] (Steel)

Initial Design 1.91E+4 0.3 7.772E-02

Mass [kg]

Optimal Design 1.81E+4 0.3 7.772E-02

5.20% ZtA HANYANG UNIVERSITY 15



’I/ SMTO - Multiple Load Cases ChLs

Load Case Weight

¢ Crashworthiness: 2f 50%

Iter : 14

e Torsion: < 30%

¢ Bending: 2f 20%

p. =20.8
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’I Multi-Material Topology Optimization(MMTO) c

e Setting
. - Mulfiple Mals W steel 1 B +am Solver Keywword: OESOBJMING
mm - mass MUHDIE MEIEIiEllE: M alenals I # I g ¥ Aharnirum 2z . AT Name: ﬂhjEtti'ﬂE
* D 1
st:CsC steel aluminum nelude: [Main Model]
: - Dbjective Typa: Minimize
E: 200000.0 E: 00000 3 Fesponse Id: (%) mass
;3 5
ML 0.3 MU 032
RHO: £.55e-{19] AHO: 2 Te-09
Bending Torsion
solver Keyword DCONSTH ;
Name: comp Name: comp
D: 1 0. |
Include [Main Mode!] Inciude {Main Mocgal]
* & Response: (1) comp % ¥ Rasponse: (1) comp
C - 2449 + List of Loadsteps: I Loadsteps C — 205 ¥ List of Loadsteps: | Loadsteps
Lower Options: <OFF> Lower Qptions: COFF)
= Upper Options - Upper Options
Upper Options: Upper bound Upper Opfions: Upper bound
Upper Bound: 244 9 Upper Bound: 205
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’I MMTO - Bending

 Result

::::::::::: our Plot
Material Type(All)
3.000E+00

| —
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B Non-Design(steel)
Design(steel)
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Design(aluminum)

Volume Fraction

Volume Fraction

Compliance [Nmm)] (Steel) (Aluminum) Mass [kg]
SMTO 2.449E+02 0.3 7.772E-02
MMTO 2.448E+02 0.193 0.136 6.207E-02

320.1%

HANYANG UNIVERSITY
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’I MMTO - Torsion

 Result

Contour Plot
Material Type{All

3.000E+00
[ 2.667E+00
2.333E+00

— 2.000E+00

[ 1.667E+00
1.3336+00

1.000E+00
6.667E-01
3333801
‘0.000E+00

No Result
Max = 3.000E+00

3097
Min = 0.000E+00
3D 126753
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B Non-Design(steel)

Design(steel)
Design(aluminum)
-
Compliance [Nmm] VOIUT;;SCHW Voéxm?nli:rzﬁ(;i)on Mass [kg]
SMTO 2.05E+01 0.3 7.772E-02
MMTO 2.05E+01 0.284 0.008 7.418E-02 \L 4.6%

HANYANG UNIVERSITY
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’I SMTO - Multiple load case

 Setting 356

M=T71750 N-mm
P=8820N

123456 ﬂ
356

v L{ X

M=771750N-mm 123436

HE =0, Ct21 22 7= B|&& otLte| Ate = HA|E == QICH
¢ Crashworthiness: 2F 50%

e Torsion: 2 30%

Loadstep ID Weight

 Bending: 2 20% : 0
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’I SMTO - Multiple load case

 Result

Contour Plot 1: Model

Element es(Density) Design: Iterati Frame 25 Contour Plot 1: Model
1.00! Element Densities(Density) Design : Iteration 33 : Frame 25
l 8.90 1.000E+00
7.80 l 8.900E-01
| 7.800E-01
| I — 6.700E-01
'} ;Zg — 5.600E-01
I 230 — 4500E-01
1.20 3.400E-01
1.00 2.300E-01
Ne I 1.2006-01
Max =1 0 1.000E-02
Mo Result
Max = 1.000E+00
3D97
Min = 1,000€-02
3060713
z

Contour Plot 1:Model
Element Densities(Density) Design : Iteration 32: Frame 25
[ vooor Solver Keywaord: DCOMNSTR

7.8200E-01
| R MName: comp
— 5.600E-01
— d.DQE:lﬂ ID: ]

% Include: [Main Model]
( ™ 5 84 7 # Response: (1) comp
- - .
Lower Options: <OFF>

= Upper Options
Upper Options: Upper bound
; Upper Bound: 5847
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’I MMTO - Multiple load case

 Result

our
aaaaaaaa

Cont:
Iy
2.0
[ 2,66
233
— 200
— 166
= 133
1.00
6.66
333
0.00
No
Max = 3/ 0
3097
Min= 0. o
3D 4107:

111111

uuuuuuu

Contour Plot
Material Type(All)

3.000E+00
I 2.667E+00
2.3336+00
— 2.000+00

— 1.667E+00
= 13338+00

1.000E+00
6.667E-01
333301

0.000E+00
No Result

Max = 3.000E+00
3D97
Min=

in= 0.0
3041073

V\L’x

1:Model
:Frame 25

Compliance [Nmm]

Volume Fraction
(Steel)

Volume Fraction
(Aluminum)

Mass [kg]

SMTO

5.847E+02

0.3

7.772E-02

MMTO

5.843E+02

0.219

0.116

6.698E-02
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B Non-Design(steel)
Design(steel)

Design(aluminum)

313.8%

HANYANG UNIVERSITY
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MMTO - Multiple load case

‘‘‘‘‘‘‘‘‘‘‘ Contour Plot 1:Model

Material Type(All) Design :Iteration 30: Frame 25
l 3.000E+00

I 2.667E+00
| e 2.333e+00
— 133 — 2.000E+00
1.00 — 1.667E+00
6.66'
I 3.33
0.00

= 13336400

1.000E+00
6.667E-01
333301

0.000E+00
No Result

B Non-Design(steel)
Design(steel)

Max = 3.000E+00
3097

Min = 0.000E+00
3041073

Design(aluminum)

1 Model
nnnnnnnnnnnnnnnnnnnnnnnn V\Ly X

{_
Initial Value Volume Fraction Initial Value Volume Fraction Mass [kg]
(Steel) (Steel) (Aluminum) (Aluminum) 9
MATINIT=Default 0.5 0.219 0.5 0.116 6.698E-02
MATINIT=0.3 0.3 0.156 0.3 0.358 7.245E-02

HANYANG UNIVERSITY
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Future Work

- Manufacturability of MMTO
- MMTO + Crashworthiness
- Link with Other Program (ex. Hypermesh + Matlab)
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