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ABSTRACT

In the early phase of vehicle development, CAE is conducted as tool for vehicle performance

assessment. To maintain acceptable road noise performance, solution for reduced vehicle sensitivity is

required. Chassis interface dynamic stiffness characteristics are key component to isolating vibration

and noise of road from the vehicle interior. This research provide how to set up the optimized dy-

namic characteristics under noise effect through DFSS study. CAE-based DOE is performed to build

prediction math model, CMS process involves DOE to achieve very fast run times while giving re-

sults very comparable. Minimized 95th percentile of performance distribution is applied to minimize

vehicle sensitivity and road noise levels variation during the optimization process. Finally, the results

of optimization were reviewed for performance and robustness.
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K : Stiffness matrix

M : Mass

matrix

A : Eigen value

u : Displacement vector

7] PHES exterior DOF(degree of free-
dom)9} interior DOFZ ¥-RFa|A tThr] Azlshd

Step 1. Super Element Creation

{ Receive Det

ailed Model ]

Create Nastran Super Element
and Store Da
External File

ata Base on

External
Database
Storage

Step 2. Super Element Residual Run

Assemble Super Elements and
Detailed Models into One Model

l

Run Static or
Dynamic Solution
in Nastran

Fig. 1 Superelement build process

Table 1 External storage and containing data

Included file Containin
to residual d g Remark
un ata
Included anywhere in
*.asm Exterior grid the “Bulk Data”
’ section before the first
* Pch file is included
Boundary grid Nothing can come
interior grid after the first
*pch PLOTEL included *.pch file,
element except more included
QSET * pch files
Only if the
* master Superelement “ESTSEOUT” option
' database “MATRIXDB” is
used
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Fig. 2 Total vehicle model with superelement model
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Table 2 Superelement & full FE model comparison

28~29)]
Model type Frlrlll; dl;E Superelement model
No. of node 1,761,786 494,125
No. of element 1,654,296 321,819
No. of CPU 4 2
Solving time(sec) 36,530 3,363

Road Noise Simulation Result
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Fig. 6 Road noise plot & main contributor

Table 3 Noise factors and boundary

Noise factor Lower boundary | Upper boundary
FRT SPRING
Young’s -15% +15 %
modulus
RR trail X-dir
dynamic -15% +15 %
stiffness
RR trail Z-dir
dynamic -15% +15 %
stiffness
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Fig. 12 Road noise overall level improvement

Table 4 Signal to noise ratio comparison

S/N S/N S/N S/N
(40 Hz) (56 Hz) (70 Hz) | (103 Hz)
Base -32.02 -25.22 -31.38 -17.12
Normal | 766 | 3966 | -43.02 | -21.16
optimization
5%dle | h794 | 3258 | 2460 | -21.18
optimization
Main Effect Plot
Not Best, but
Best, but ’
&T Not Robust ! Robust|
< A 4
SZ \ —
5@ 1

VAR o (+15%)

< >

\ 4
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Fig. 13 Rear trailing arm bushing main effect plot

O]

Ao disl uFa] B, 95 %-ile FH XA A
ANE AL 4F, Fig. 137 29] rear trailing
arm 749 Aol dAl ALY Oin] SUHEeEH
2E wo|27} AE FUIHAY, ARAE TSI
HeoA A7 FoE A HHgS
ALt o] AMZHE o= o]z
AstaA Ao 23 T4l

o oM
o
x> 2
e alo
o H ooy A

4o oy
ox T rE
o
R

o

l -1
FagozA AR AAGA 57



5834 7|4k DFSS 17

oo (2N
e
td

12 95 %-ile 3% 47 7ol ol §3te] %
24 AAZ SR, of Al dg AEe
ofehst @t

(1) 95%-ile 7|WS A& 20 HAEAE +
gt Avy, 1A e A o] AlS o Fa
S

FdENe S

) 43 HA HAAE F9 rear trailing arm F
A EEE T A AT e, ol
TN WHAHE 2ol /AT = S 718 E Al
I3}

3) 23 Ags FYst
9 Ul FEEREFTHEES
elementE AMS-FOZA, B4 Auje] HIAEE f
APAA SiAel] 285E AR 17102, CPU A}
S WMo =Y 4 Utk 53] AATF2EY
AU cavitys &4 ko] & 719 superelement
A= 7189 EQjow, dom 43 34 Al
2 58] oftHrh

52 1
O

(1) Lee, K. H. and Park, G. J., 2005, A Global

Robust
Approximation Model, Transactions of the KSME,
Vol. 29, No. 9, pp. 1243~1252.

(2) Sacks, J., Welch, W. J., Mitchell, T. J. and
Wynn, H. P., 1989, Design and Analysis of Computer
Experiments, Statistical Science, Vol. 4, No. 4, pp.
409~435.

(3) Jones, D. R., 2002, Variable Screening and
Robust Design Using Sequential Latin Hypercube

Optimization Using the Kriging Based

Sampling and Kriging Response Surfaces, GM CAE
Conference.

(4) Mallikarjuna, B., 2009, Superelement, Compo-
nent Mode Synthesis and Automated Multilevel
Substructuring for Rapid Vehicle Development, SAE
International Journal of Passenger Cars, Vol. 1, No.1,
pp. 268~279.

(5) Sim, H. J., Park, S. G., Joe, Y. G. and Oh, J.
E., 2009, Design of Low Noise Engine Cooling Fan
for Automobile Using DACE Model, Transactions of
the Korean Society for Noise and Vibration
Engineering, Vol. 19, No. 5, pp. 509~515.

(6) Sim, H. J,, Park, S. G., Kim, H. S. and Oh, J.
E., 2008, Analysis of the Front Disk Brake Squeal
Using Kriging Method, Transactions of the Korean
Society for Noise and Vibration Engineering, Vol.

18, No. 10, pp. 1042~1048.

ZASNNSEEI=2&/421 3 A 7%, 20119/681





