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Motivation
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Optimization
for
Crashworthiness

Multi-material structure steel stampings

< MAZDA : SKYACTIV-BODY> < 2017 Acura NSX BIW Structure >
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Motivation

» Target Component

* Front Side Member
- 50% of the force is generated by the
front side rail structure

Lower Path

» Base Design

KN * Plane

80mm Thickness : 2mm - Crash analysis

- Shape & Size optimization
for initial design

- Initiator design (Crash box)
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1000 mm Héﬂiﬁfh HyperCrash HyperStudy
< initial specification > < Analysis > < Optimization >
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’I Crash analysis

» Analysis model
* Assumption

Rigidl wall (350kg)

Rigid mass

velocity (56km/h—16m/s, NCAP)
empty vehicle weight (1400kg)

(D Engine compartments can not absorb energy.
@ Only one-half load is supported by front side member.

(® The load is divided equally into each member

* Result(0~10ms)

Fixed condition
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’I Design of Experiments (HyperStudy)

» Design of Experiments

» Design variable

E Assembly Higrarchy

E}—é Companent [1]

: - Bd Fort_Side Member 1 [l
Dresign Yariable (2]

Je shapel 1

J+ shape2 2

-—iﬂ Dormain [41)

EH @ Hardie [25]

Sig Shapei2)

shape2 23
Lo shapel 13

B Thel

< Hypermorph >

Label Warname Lower Bound
Thickness  m_1_varmname_1 | 1.0000000 ...
shape2 m_1_shape2 -1.0000000 ...
shapel m_1_shapel -1.0000000 ...

* Response
- Internal Energy
- Mass

Thickness of shell

Initial

20000000 ...
0.0000000 ...
0.0000000 ...

Shape 2

Jpper Bound
2 0000000
1 0000000
1 0000000
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< Linear Effects Plot >
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Optimization (HyperStudy)

» Formulation < Objectives >
f|nd X Lahel Yarname Type Apply On
Objective 1 obj_1 Minimize * Mass(r2) =

to maximize  f_..(X) < Constraints >

Subject to Einternal (X) > EO Label Warname Type Apply On Bound Type | Bound Value
| Constraint 1 cl Deterministic + Energy (r_- » »= w 13061.000
ower upper

X <X, <xm, k=1---,3
4&
» Result (Global Response Surface Mothed) M Thickness : 1.5754mm
‘} 250mm
Thickness shapel shape? Energy Mass Obje&tiThitial &%‘gvgﬁ 1>

1 2.0000000 0.0000000 0.0000000 13061.332 35428012 35428012 13061.332

2 17607514 -0.9999992 0.0999979 14915441 353.77362 353.77362 14915441

3

[

[
[ ! 1000 mm
o < Optimum design>
80mm .
Thickness : 2mm
—> ¢ 350mm
50mm
Thickness shapel shape2 Mass IS
Energy ‘ 350mm
>
Initial 2.0000 0.0000 0.0000 4.2801 13061.33 -
Optimum 1.5754 -1.0000 1.0000 3.3763 13008.09 I:H
reduced 21.23% - - 21.12% 0.41 I 1000 mm "

< Initial design >
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Optimization

» Result (Comparison)

N2772 - X

==
e“”"“-‘. The optimum design is better than the initial design?
Yes? or No?
. 1 - _y/"/
\\\//
High internal energy !!
l— - -
| Is it good performance for crashworthiness?
L""‘-‘.‘ =
"8
Yes? or No?
i
, =
1
i 14000
: 2 12000
! < 10000
o
‘ Eg 8000
Thlc:nes shapel shape2 Mass IE;eer?;)ll LI_J 6000 —Optimum
Initial 2.0000 0.0000 0.0000 4.2801 13061.33 g 4000 Initial
Optimum 1.5754 -1.0000 1.0000 3.3763 13008.09 E 2000
reduced 21.23% - - 21.12% 0.41 0 0 2 4 6 8 10 12

Time (ms) HANYANG UNIVERSITY 8
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Conclusion

Good point
= Optimization about crash analysis that is highly nonlinear

= Shape optimization using HyperWorks, not NFX
(HyperMesh, HyperCrash, HyperStudy)

Bad point
» Insufficient analysis (More constraints, Crash box, Reinforcement)

= |nsufficient understanding for theory

» Unaccustomedness about program
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