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ABSTRACT

In this paper, a sensitivity analysis technique is presented for performing effective structural optimization of bus
system. Design sensitivities are analyzed on natural frequency of bus substructures using super-element. Vibration
modes of substructure, which large affect on the global vibration mode of bus BILW.,, are found through the
sensitivity analysis using the chain rule. And design variables, which are determined from the sensitivity analysis,

are changed through optimum design.
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Fig. 1 1st torsional vibration mode of B.IL.W.
(16.42Hz)

Fig. 2 1st bending vibration mode of B.LW.
(22.25Hz)
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Fig. 3 Roof structure of bus
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Fig. 4 l1st torsional mode of roof structure

Fig. 5 1st bending mode of roof structure
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Fig. 6 Design sensitivity for roof structure

B2 AH F2EY 54 ITE=d Wi FETZRY
AFEE 7|9EE YeRle BT E o 4lA vepd
uigh o] £83 AP S ALY =84 T2 HEY
T ok

A, A, x, A, ox A, o,
or, ~ ox, or, + ox, = or, R ax; = ar, ®

A DX 4,2 A 729 n WA JFRE=Y 1HA,
T,& B8 72 n A JTE=Y IR/A, xE W
A AANSE Yehdnh

A (D€ ol g3t WA F2EY 13} vlEY ATEES
dE FZo 13 HEY, 134 ¥9 % 2% HEY JAFEE
of d¥ A= Y AFHE Fig. 7 dehAden, HA
TEEY 12 39 ATE=d U #2913 HEY, 1

151 Torsion

2nd Torsion
-3.884762688

181 Torsion i 131 Bending |
[ -12.65301052 | 1

Fig. 7 Sensitivity analysis results for 1st torsional
vibration mode of B.LW.
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Fig. 8 Sensitivity analysis results for 1st bending
vibration mode of B.ILW.
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Table 1 Comparison of natural frequencies

Before After Change of
pptimizationpptimizationy  frequency
Ist torsion| 1642 Hz | 1641 Hz -001 Hz
Full structure -
st bending| 22.25 Hz | 2246 Hz +0.21 Hz
Roof structure|1st torsion| 328 Hz | 334 Hz +0.06 Hz
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Fig. 10 1st bending mode of frame structure
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Fig. 11 1st torsional mode of frame structure
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Fig. 12 Sensitivity analysis results for 1lst torsional
vibration mode of BIW.
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Fig. 13 Sensitivity analysis results for 1st bending
vibration mode of B.IW.
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Fig. 14 LH side structure of bus
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