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Robust Design of Vehicle Interior Noise using Taguchi method
and Substructure Synthesis Method
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ABSTRACT

This paper presents a robust design of vehicle interior noise using Taguchi method and a substructure synthesis
method with a hybrid model. Firstly, the proposed method identifies the critical process of the concerned interior noise
through a TPA (Transfer Path Analysis). Secondly, a strategy for a robust design is discussed, in which the major noise
factor among uncertainties in the process is quality distribution of rubber bushes connecting a cradle and a trimmed
body. Thirdly, a virtual test model for the process is developed by applying a substructure synthesis method with a
hybrid modeling approach. Fourthly, virtual tests are carried out according to the predefined tables of orthogonal array
in Taguchi robust design process. The process was performed under 2 sub-steps. The first step is sensitivity analysis of
31 panels, and the other step is weight optimization of mass dampers on sensitive panels. Finally, two vehicles with the
proposed countermeasures were validated. The proposed method reduces 87.5% of trials of measurements due to the
orthogonal arrays and increases robustness by 8.6dB of S/N ratio and decreases S dB(A) ~10 dB(A) of interior noise in
the concerned range of RPM.
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(a) Schematic illustration of a substructure synthesis
(b) Hybrid modelization of a trimmed body
Fig. 1 Substructure synthesis with a hybrid modelization
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Fig. 2 Process diagram
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(a) Position and shape of a cradle mount bush
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Fig. 3. Probabilistic characteristics of a cradle mount
rubber bush

Table 1. Noise factors

Factors Level 1 Level 2
N1 |K and D of the front left bush u-3co u+3o
N2 K and D of the front right bush u-30 u+3o
N3 K and D of the rear left bush u-30 u+3o
N4 1K and D of the rear left bush u-30 u+do
2o} Q1 2} (control factor)e ZA 2 FFZAM Ei.fﬂ
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Table 2. Control factors
(a) 1st design for selection of sensitive panels

Factors Level1 | Level2
Ci,i =1, 31 |Mass damper at the 00 | 1EA
# i-th position on panels

(b) 2nd design for weight optimization of the mass

dampers on the selected panels with cradle reinforcement
Factors Level1 | Lewel2 | Level3

Reinforcement of the front

C1 member

of the cradle

Mass damper

Ci,i= 26 latthe #i-th position 0.0 1EA 2EA

on the selected panels

Baseline| Reinf.

A 2 AojAzte] thdt A wujd
A48d L9 Fig 4. @)% 23 UE Y
4

Outer array
for noise factor

Inner array
for control factor

(a) Arrangement of the inner and outer arrays

Array .
Step Inner array | Outer array Design target
1stdesign Ly, (2*") Ly (2*)  |Panel sensitivity
2nd design | Lz (2' x3°%) L (2*)  |Weight optimization

(b) Orthogonal array for inner and outer array
Fig. 4 Orthogonal arrays
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Table 3. Comparison of the number of real tests

Armray] Total num. of tests Ratio
Step Curent | Proposed| (%)
1st design 256 32 125
2nddesignf 144 18 125
Measurement
. Prediction
A e el

Sound pressure (dB)
<
T

1P

Frequency (Hz)
Fig. 6 Comparison of noise transfer functions and input
point inertance between measurements and the proposed
method of a hybrid approach
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3.6 Step 6. Validation
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(b) Interior sound level under driving condition
Fig. 7 Validation of the proposed design

Z71 ek Alqkgl Al A AlE (prototype)l
gt SN dlet BHEYUEES(PDF:  Probability
Density Function)E H] 23] R Fig. 7. (a)3 Z T}
Alokd dAte] SN v E oﬂiz‘sﬂ B 27} AA
QF div) 6.7dB 7} Ftste A@E FEA A
B 86dB FI5te e B ? k. o] AH=
REl Aerd MAre]l %7 HA¢H oy mEE .
FEAAe] disiM ZAAst D RS A F Y

-138-



o} o, Aa FRAEE T ARASY A
MErg fls Bl Flg 7. () #oew A
RPM F7HA 5~10dB(A)7F ARE AL ¢
Ak

4. 4B

1) 4* |ge WANNE a8 ZZALE

FHAEES
o] %

-Ff Zﬁ?’é BYE A
EA 98 AA
2 st

AzugH SN HE Hlas BH
Aekel AAke /N w7p 27 AR div] 8.6

< & F A

PANEe s Addns MY
2 F2% RPM 73 oA 4 ~

(1) Kim, H. S., Kin, C. B. and Yim, H. J,, 2002, “Quality
improvement for brake judder using design for six sigma with
response surface method and sigma based robust design”,
Internal journal of automotive technology, Vol. 4, Num. 4,
pp-193-201.

Fels) nw 08 2

(2) @84 5, 199, S RHENE L o] 8 77
o] ZAMA», WRALFHE EATEUI=E,
pp.743~748.

(3) Lee, S. B, Baik, S. and Yim, H. J,, 2003, “Optimal
reliability design for thin-welled beam of vehicle structure
considering vibration”, Internal journal of automotive
technology, Vol. 4, Num. 3, pp.135-140.

@) o838 F, 2004, “HFHEE ol 8 FAHH oo}
W o] 7+ A 7", Trans. Of KSAE, Vol. 12, No. 2, pp.131~138.

(5) &ed F, 2003, “tb7A HEE ol &E B Mo

B FHES 444, F3ELITHEA 20 A 10
%, pp. 164~168.

(6) WA@Y 7, 2005, “GH7H LEALYE ol &
2 WAE covering shelf o FA44EA”, d3AFHF

&3 A=

(M A9 5, 2001, F3585
Mg ol8E A Auzg A,
ANd 435

(8) Lee, D. H., Whang, W. S. and Kim, C. M., 2001, “Noise
sensitivity analysis of an engine mount system using the
transfer function synthesis method”, SAE 2001-01-1532.

(9) Ren, Y. and Beards, C. F, 1995, “On substructure
systhesis with FRF data”, J. od Sound and Vibration, 185(5), pp.
845~866.

(10) Sakai, T., Terada, M., Ono, S. and Mas. P, 2001,
“Development procedure for interior noise performance by
virtual vehicle refinement, combining experimental and
numerical component models”, SAE, 2001-01-1538.

%}, KSAE05-S0123, pp. 765~770.
g@re FETEHY
225 TAEA,

-139-



