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Reliability-Based Optimal Design of Pillar Sections
Considering Fundamental Vibration Modes of Vehicle Body Structure

Sang Beom Lee*, Hong Jae Yim"
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| Abstract

-
|

This paper presents the pillar section optimization technique considering the reliability of the vehicle body structure consisted
of complicated thin-walled panels. The response surface method is utilized to obtain the response surface models that
describe the approximate performance functions representing the system characteristics on the section propetties of the
pillar and on the mass and the natural frequencies of the vehicle B.LW. The reliability-based design optimization on the
pillar sections is performed and compared with the conventional deterministic optimization. The FORM is applied for
the reliability analysis of the vehicle body structure. The developed optimization system is applied to the pillar section
design considering the fundamental natural frequencies of passenger car body structure. By applying the proposed RBDO
technique, it can be possible to optimize the pillar sections considering the reliability that engineers require.
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Fig. 1 Illustration of first-order reliability method
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Fig. 4 Ist bending vibration mode(42.95Hz)

Table 1 Mass and natural frequencies of B.LW.

Total mass 290.9%g
Natural frequency of st torsion mode 31.51Hz
Natural frequency of 1st bending mode 42.95Hz
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Mass

1* torsion frequency > 33.0Hz
1* bending frequency > 46.0Hz
Reliability > 99.5%
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Table 2 Design variables and change limits

unit: mm
. Design Initial | Lower | Upper
Section variables value | bound | bound
loner panel ) - 675 | 050 | 150
thickness
FBHP Reinf. panel
upper thickness Ta{ 160 | 010 | 2.00
Scale vector | SV,| 1.00 | 1.00 | 1.50
tner panel | - 103 | 050 | 1.50
thickness
FBHP Reinf. panel
lower thickness Tz | 1.60 | 010 | 2.00
Scale vector | SV, | 1.00 | 0.80 | 1.50
toner panel -\ 7 | 300 | 0s0 | 150
. thickness
B-Pillar Reinf, panel
middle thickness Ts | 140 | 010 | 2.00
Scale vector | SV.| 1.00 | 0.80 | 1.50
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Table 3 Comparison of mass and natural frequencies

" Percent
Initial RBDO change
Mass(kg) 29099 | 284,05 24
Ist torsion mode
31.51 33.50 +6.3
frequency(Hz)
Ist bending mode
4295 46.19 +1.5
frequency(Hz)
292
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Fig. 5 Convergence history of mass

111

a7

Frequency(Hz) Frequency(H2)
8 8 8 &% &8 K B & 5

w0
o

(b} 1st hending mode

"

"

g 1 2 3 4 5 8 7 8 9 10 11 12
(a) 1st torsion mode
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Fig. 6 Convergence histories of natural frequency

Table 4 Comparison of design variables

Unit: mm
. Design e Percent
Section variables Initial RBDO change
Ta 0.75 0.53 293
FBH}: Ts 1.60 0.78 513
uppe 7, 1.00 1.50 +50.0
T 075 0.53 293
TBE T 1.60 035 78,1
© A 1.00 123 133
. T, 1.00 0.99 10
in‘zglf Ts 1.40 0.15 894
V. 1.00 0.83 -16.7
1.8
18
1.4
1.2
1
0.8
06
04
02
1]
Tt T3 V1 Tt T3 8Vt
FBHP 8 PILLAR MIDDLE
{Upper Party {Lower Part)

Fig. 7 Comparison of design variables
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Fig. 10 Comparison of B-pillar middle
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