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Abstract

Recent attempt to enhance the safety against collision reshaped the simple shell structures into the

integrated complex shell structures.

Moreover, due to various regulations continuously tightened for

environment protection, weight reduction of automobiles becomes an increasingly important issue. Auto
parts lightening is mainly accomplished by more reasonable design, adoption of lighter materials and
miniaturization of the auto bodies. Focusing on the locally enhanced design approach among the above
three ways, we here attempt to develop a patching optimization method, and also to determine the
thicknesses of an integrated shell structure, both bringing a specified amount of stress relaxation. We

first select a cross member as a patching optimization model.

Based on the finite element stress

calculations, we relieve the stress of cross member by patching in two ways—nonuniform thickness
patching and optimized uniform thickness patching, the latter of which is more effective in a practical
point of view for the preset amount of stress relaxation. Selecting a box type subframe as another
finite element analysis model, we then determine the thickness of each part by axiomatic design approach
for a preset amount of stress relaxation. The patching methodology and the axiomatic approach adopted
in this work can be applied to the other complex shell structures such as center member and lower

control arm.
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Table 1 Boundary & loading conditions of parts
at sudden brake (see Fig. 5)

Boundary
conditions

Be, Dc Ac (A) Ge (G') |Ee
Cross |\ g DY | F | F, |F| B | F, |F|F
member

all fixed |-645(1191{-82(-220(-978|-81| 48
B, G D As (AS) Gs (Gs")
Subframe (&'a CS's Q') Fx Fy Fz Fx Fy Fz
all fixed [-640|1191|-87;-2201-977| -81

Parts Loading conditions (kgf)
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Table 3 Original thickness of each part

M GP Upper

Parts | No. 1| No.2 Bracket | Bracket | Member

Thickness| 2 | 0 | 20 | 26 23
(mm)

12
1.10
0.85
o
5060 r"——NQ 1 .....
¢ —{+ No.2
—/— CMB
035 1"_o— GpB
—&— Upper
0.9 1.2 1.5 1.8 2.1

(tp/to)vaer
®
Fig. 14 Variation of maximum stress in each part for

changes of (a) No. 2 thickness (b) upper
member thickness
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Table 4 Thickness and maximum stress of each
subframe model

Optimized part

Model subframe thickness model

Parts Thickness Maximum Thickness Maximum
stress stress
mm) | vpay | ™™ | (mpg
No. 1 2.3 64
No. 2 2.0 71
CMB 2.0 146
GPB 2.6 129
UM 2.3 314
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Fig. 15 Equivalent stress distribution in the subframe
model with optimized part thicknesses at
sudden brake

Table 5 Weight and maximum effective stress for
each patching type

Patchi Weight Maximum| gatio of stress
atching type stress
6D | ey | (Om/0))
1

Mode 16.10 | 429 136
cross member
Non-uniform
thickness patch 16.20 225 0.70

Uniform
thickness patch 1627 190 0.60

Table 6 Weight and maximum stress for each
subframe model

Maximum| ..
i Ratio of stress
Model type “Eilg)ht stress (Gn/0))
¥ | (Mg | N Om%
Model subframe | 24.15 314 1.13

Subframe model
with optimized | 20.23 224 0.81
part thicknesses
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