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ABSTRACT

In this study, a robust design procedure using the FRF-based substructuring (FBS) method was
proposed for vehicle vibration performance. In the robust design procedure, global sensitivity analysis
was used to obtain the design information of elastomers in structural systems considering
uncertainties. The global sensitivity method combines the random balance design method for var-
iance-based sensitivity information and the FRF-based substructuring (FBS) method for the calculation
of vibrational responses, which establishes an efficient tool even in complex real structures.
Moreover, a multi-objective optimization formulation was applied to obtain the optimal design of
elastomers that give robust vibration responses. The objective functions were set to the mean and
variance of the vibration responses. The Pareto optimal front was calculated using the non-dominated
sorting genetic algorithm-II (NSGA-II). The genetic algorithm design variables were screened using
the global sensitivity analysis results for the elastomers. These formulations were applied to a pas-
senger car problem to obtain the optimal design of the engine mount systems. The numerical results
showed that the newly introduced feature enhanced the calculation performance and the proposed

procedure can be applied successfully in real complex structural problems.
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Table 1 Definition set of design variable

Joint Dir. ]?emgn Joint Dir. ]_)es1gn
no. variable no. | no. variable no.
X 1 X 16
1 Y 2 6 Y 17
Z 3 Z 18
X 4 X 19
2 Y 5 7 Y 20
Z 6 Z 21
X 7 X 22
3 Y 8 8 Y 23
Z 9 Z 24
X 10 X 25
4 Y 11 9 Y 26
Z 12 Z 27
X 13 X 28
5 Y 14 10 Y 29
Z 15 Z 30

Table 2 Elapsed CPU time for FRF analysis

Model Program CTPU
time
FE Full system FE model | MSC/Nastran | 1630.59 s
model
BIW FE model MSC/Nastran | 4742.51 s
FBS Center member FE model | MSC/Nastran | 65.05 s
model Cross member FE model | MSC/Nastran | 53.52's
Engine FE model MSC/Nastran | 1.47 s
FBS Calculation Matlab 6.68 s

* HP Z440 Workstation
CPU= Inter® Xeon® CPU ES5-1650 v3 @ 3.5 GHz
Memory = 16 GB

quency response (Sol.108)E Al&35}%lom Ful4
SHEE 7 FErEdAdNe] AL Matlab
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Table 3 Assumed distribution of elastomers

. Design Lower | Upper A
{f]):)nt variable |Direction| bound | bound DISttn blemon
" | no [%] [%] UL
1 X
1 2 y -30 +30
3 z
4 X
2 5 y -25 +25
6 z
7 X
3 8 y 25 +25
9 z
10 X
4 11 y -30 +30
12 z
13 X
5 14 y -20 +20
15 z Beta
16 X (a=b=2)
6 17 y 20 +20
18 z
19 X
7 20 y -15 +15
21 z
22 X
8 23 y -15 +15
24 z
25 X
9 26 y -15 +15
27 z
28 X
10 29 y -15 +15
30 z

* Percentage to the current value
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Table 4 Results of multi-objective optimization

Initial S variable 30 variable
f1 (mean) 588.99 508.92 508.50
S5 (variance) | 524.96 475.69 400.49
Final generation - 79 110
Time ) 580790 s 828 850 s
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