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Topology Optimization

• Bending

• Torsion

• Crashworthiness

• Multiple load cases
Optimal DesignInitial Design

Design Space
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• Reference Model

Li, C., & Kim, I. 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.



Modeling
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Seward, D. (2019). 레이싱카 디자인 (권태화, 역). 노이하우스. (원저 출판 2014)

The information for calculating loads is based on the Genesis G80.



Single Material Topology Optimization - Bending
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SMTO - Bending
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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% 감소



SMTO - Torsion
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771750M N mm= 

771750M N mm= − 



SMTO - Torsion
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Compliance [Nmm]
Volume Fraction

(Steel)
Mass [kg]

Initial Design 3.40625E+01 0.3 7.772E-02

Optimal Design 2.04965E+01 0.3 7.772E-02

39.8% 감소



SMTO - Crashworthiness
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35kph



SMTO - Crashworthiness
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SMTO - Crashworthiness
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Iter : 0Iter : 4

Iter : 14Iter : 18

Iter : 7Iter : 11



SMTO - Crashworthiness
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SMTO - Crashworthiness
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Compliance (MAX)
[Nmm]

Volume Fraction
(Steel)

Mass [kg]

Initial Design 1.91E+4 0.3 7.772E-02

Optimal Design 1.81E+4 0.3 7.772E-02

5.2% 감소



SMTO - Multiple Load Cases
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Iter : 14

0.8e 

Load Case Weight



• Setting
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Multi-Material Topology Optimization(MMTO)

Bending Torsion

aluminumsteel



MMTO - Bending
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• Result

Compliance [Nmm]
Volume Fraction

(Steel)
Volume Fraction

(Aluminum)
Mass [kg]

SMTO 2.449E+02 0.3 7.772E-02

MMTO 2.448E+02 0.193 0.136 6.207E-02



MMTO - Torsion
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• Result

Compliance [Nmm]
Volume Fraction

(Steel)
Volume Fraction

(Aluminum)
Mass [kg]

SMTO 2.05E+01 0.3 7.772E-02

MMTO 2.05E+01 0.284 0.008 7.418E-02
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SMTO - Multiple load case

• Setting
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SMTO - Multiple load case

• Result



MMTO - Multiple load case
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• Result

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



MMTO - Multiple load case

23

• Result

Initial Value
(Steel)

Volume Fraction
(Steel)

Initial Value
(Aluminum)

Volume Fraction
(Aluminum)

Mass [kg]

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



- Manufacturability of MMTO

- MMTO + Crashworthiness

- Link with Other Program (ex. Hypermesh + Matlab)

Future Work



Thank you
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