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Optimization of the Path of Inner Reinforcement for an Automobile
Hood Using Design Sensitivity Analysis
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Abstract

Optimization technique to find a path of an inner reinforcement of an automobile hood is proposed
by using design sensitivity informations. The strength and modal characteristics of the automobile hood
are analyzed and their design sensitivity analyses with respect to the thickness are carried out using

MSC/NASTRAN.
response functions is discussed.

Based on the design sensitivity analysis, determination of design variables and
Techniques improving design from design sensitivity informations are

suggested and the double-layer method is newly proposed to optimize the path of stiffener for a shell
structure. Using the suggested method, we redesign a new inner reinforcement of an automobile hood

and compare the responses with the original design.

It is confirmed that new design is improved in

the frequency responses without the weight increasement.
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Fig. 1 FE model for the outer panel of an
automobile hood
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Table 1 Geometric and material properties of

the hood
Outer Panel 1.2 mm
Thickness |Inner Panel 1.2 mm
Reinforced 12
Bracket < mm

Young's Modulus

2.07% 10* N/mm®

Poisson's Ratio

0.29

Mass Density

7.82x10® kg/mm’

Fig.2 Initial FE model of the inner panel
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Table 2 NASTRAN input file for modal design sensitivity analysis

MATL 1 2,07E+8 0.29000 7.82E-6 1.17E-5 0.0 0.0 MATO0OL
PSHELL 10 1 0,35000 1 1.00000 18.33333 0.0 PSHOO10
PSHELL 1 1 0.35000 1 1.00000 1833333 0.0 PSHOOLL
CQUAD4 10 10 25 19 1 5 0.0

CQUAD4 11 11 20 26 2 00

$ DVSET ...DVID .. TYPE . FIELD .. PREF . ALPHA ...PIDL ...PIDZ .......

DVSET 10010 PSHELL 4 1.0 10 +T000010
DVSET 10011 PSHELL 4 1.0 11 +T000011
$ DVAR ....VID .. LABEL .DELTAB .. .VIDl ...VID2 .......

VAR 10010 PSHOO10 002 10010

DVAR 10011 PSHOO11  0.02 10011

DSCONS 1061 MODEL  FREQ 1 0.0 MAX

DSCONS 102 MODE2Z  FREQ 0.0 MK
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’ - FE input modell

v

’ - Modal analysis ]

v

+ Modal sensitivity analysis
- Determine the direction & step size

v

- Update design
+ Modal analysis

no
_

yes +
Optimum design

Fig. 3 Optimization process generating the path
of inner reinforcement
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Fig. 4 Optimum path under free
boundary

Fig. 5 Optimum path under fixed
boundary

ARz 4A43ta 92 & F9 FAE WA
ZA = BEFHE AEddnh o HFHE o
23t wEAHA FAHS TG 2, A
W g 57 27 F8lo] FREH B 2
o BARRE 4& 4 JdAoed, EI of A
Az HF B2 T2ER dASS A 7
ZEY dAd e 2d 2 A9 S ¢ F
At

HA3 PEe 23 33 ARE €A T
dstz] aiA AATES 3y 1 & e e
W, A STHFE FHTHE o & Foh
HR)E 50%2 SRT HAMFE 448 39
27) AL 0.5mmE FFos S AuxE
Z71%A9 29)(1.0mm), X+ 0.00lmm=E A4
A, AAZAL AR7Z A(free boundary)}
T 7 Al(fixed boundary)®] F 71X =71& A&
gt A5 st
B39S ol&dtd ¥Z oy AdR(ach)S

2 =9 i’”ﬂ'i HANM & lﬂ%ﬁf’-

T2 AMSE 7zt a4
ﬂ%%fﬂllr—ﬂaﬂt} S 2o s —?

o] &% AFTAFE HAAZ HHMLA 67

Table 4 Comparison of the modal analyses

Original | w/o Inner | Optimized

Model Reinforce |  Model

Weight 233 kg | 208 kg | 23.0 kg

Free | Mode 1| 126 Hz | 106 Hz | 146 Hz
Boundary | Mode 2 | 48.8 Hz | 41.0 Hz | 49.5 Hz
Fixed | Mode 1.| 324 Hz | 358 Hz | 378 Hz
Boundary | Mode 2 | 562 Hz | 52.1 Hz | 580 Hz
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Fig. 6 FE model of optimized

inner reinforcement

7

FE model
inner reinforcement

Fig. of original
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