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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 dynamic 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 results very comparable. Minimized 95" 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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2.1 CMS Process
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Step 1. Super Element Creation

Receive Detailed Model

Step 2. Super Element Residual Run

Fig. 1 CMS Build Process

Table 1 External Storage and Containing Data

Igﬂ;ﬂiﬂrgﬁ:}o Containing Data Remark
Included anywhere in the
*asm Exterior Grid “Bulk Data” section before
the first *.Pch file is included
Boundary Grid | Nothing can come after the
* pch Interior Grid first included *.pch file,
' PLOTEL Element | except more included *.pch
QSET files
Super element Only if the “ESTSEOUT”
* master option “MATRIXDB” is
database used
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K : Stiffness Matrix
M : Mass Matrix
\: Eigen value

u: Displacement vector
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T : Transformation Matrix
¥& : Truncated set of general modal coordinate

Craig-Bampton Method®l] w2, Exterior DOFE
5 uAAZ]2 g Componente] Normal ModeZS
=}, o] A¥= Constraint Modeol] 2]3] H.kslA =
1), Constraint Mode®t Z} Exterior DOFol| 9] <
Z 7}slar YA Exterior DOFE 14 3F Abejol Al
Ao ModeZ UZEth EE Exterior DOFOll sl
o] #1E& whaslH el Wyt 7hsixl Exterior
DOFo| 234 o = A¥te Interior DOFRFO] 0¢] of
s @A 2E o]&dth o] 22 AHE S
Component Level2] Normal ModeZS A4 &Ht.

o] ZAellA wgkeld T g3} o] A%

ne g

I 0
MFe o @

-1
Gie =-[Kee] [KiE] : Redundant Static Constraint Mode



Fe : Fixed Exterior DOF Normal Mode
1 : Unit Matrix
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Table 2 CMS & Full FE Model Comparison

Model Type Full FE Model CMS 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 (CAE)

dBA

—Full FE Model

==-CMS Model

40 &0 a0 100 120 140 180 180 200 Hz

Fig. 3 CMS Model & Full FE Model Result Comparison

Fig. 4 Control Factors
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3. DFSS Study
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Fig. 6 Road Noise Plot & Main Contributor
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Table 3 Noise Factors

Noise Factor Lower Boundary Upper Boundary
Ygsng’ssppiéyjus -15% +15%
Dynamic IISt)l(ffilerss 15% +15%
oyramicStfess | 5% +15%

3.4 Parameter Diagram
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Structure®] Road Noise Response SensitivityS S5+
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0'};:‘3"2' Le;‘el Chassis Spring Material - Young's Medulus
e I Front Cradle Mount Type - Isolated, Rigid Mount Type

60KPH Coarse Road
Spindle Force

Road Noise Sensitivity =
(Road Input) x (Vehicle Sensitivity)

P=F*PF

Output

SPL @ DRE (dBA)

Noise Factors

Material Deviation & Isolator variation based on typical
production variation (+15%) :

1.FRT Spring E's

2.RR Trail Arm Bushing X

3.RR Trail Arm Bushing Z

Fig. 7 P-Diagram(Parameter Diagram)
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Fig. 8 95%-ile of Performance Distribution Optimization
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Final Results
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Fig. 9 DFSS Process
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Fig. 10 Normal Optimization Result
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Table 4 Signal to Noise Ratio

SIN (40Hz)| SIN (56Hz) | SIN (70Hz) | SIN (103Hz)

Base -32.02 -25.22 -31.38 -17.12

Normal | o766 | 3966 | -4302 | -2116
Optimization
95%-ile

Optimization| 2% -32.58 -24.60 -21.18
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