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Optimization of car interior low frequency noise based on sensitivity analysis

GAO Shu-na, DEDNG Zhao-xiang, HU Yu-mei
(The State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400030, China)

Abstract: A finite element model for the car body including doors and windows, a finite element model

for the car interior acoustic field, and a coupled structure-acoustic model were built and the car interior

coupled acoustic field was predicted. A sensitivity analysis model was built for the car interior acoustic

field, and the acoustic pressure sensctivities of the admittance of the acoustic field boundary and the

board vibration velocity were studied. According to the sensitivity analysis results, the ribs and the

thickness of the key boards were optimized, leading to reduction of the main peak values of the car

interior acoustic pressure level by 2~3 dB(A).
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Fig. 1 Relationship between sensitivity and pressure
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Fig. 2 Finite element model of BIW
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Table 1 Comparison results between the analysis and experiment modal of BIW
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Fig. 3 Finite element model of whole car including

the doors and windows
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Fig. 4 Finite element model of car interior acoustic field
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Table 2 Acoustic modal of car interior acoustic field
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Fig. 6 SPL curves of reference points
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Fig. 7 Admittance sensitivity analysis boards
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Fig. 8 Admittance sensitivity of five key boards
Wt 5 3 A 8 o A T ARG {ELXS R AR 200 Hz AN
AR A 75 A4 R AN B I X — 4508 5 SCHR[9 ] —
QWL 2 RL,7E 67 Hz M .5 A4 1S
2 % H0RE 349 PR K 46 L U P A 8 i S 4 ]
HH X5 22 MR AR 67 Hz BT 14 75 1
4.2 EBERRDIEENFERSE

HRAJE 4 N 75 37 3 B 45 2R 108 BORT 22 I P R 4
SR S5 R A AR AP RIS Al S Al S
M B TS AR RE D HE AT BE AR IR 20 1 Y 7 T R
BT, 5 REE AR AR R A
BROGHE AT SRR 0 B B 0 D Rl 5 28 Gt 20 e G
WA TR 9 Fion . WA LA
e

COTEA [R5 3 Ak 2% A A 64 75 T RAEUE A I
A B U I G INAR Bh 3 5 i 7 A R 20 AR Ak T

(2) 0 AR R 6, X F 00 5 FL, #8110 Hz Al
158 Hz B I 4iR 3 A P T 52 85032 268 X {EL 29 HE K 5

0.60 +FL 0.60f  +fFL

0.40 —RL 040p —RL [ A
i - 2 Pt
y 020 | TAIRRELY W [ |
= o.00fl LN AT L = o000 ..l( m“-l-l |
A & IR 1|
~ 02014 ~ 020 vl \m le
~0.40 l -0.40 \
Y1) S N —— -0.60
40 80 120 160 200 40 80 120 160 200
fHz fTHz
(a) MR AT HR (b) Huf
0 upy L0
o030 | =RL 0.80 —RL
s 020 I\ = o4
0.10 ' S5
Z 0.00 JI < 0.00
-g:ég \ Al 040
—0.30 ﬁ,l' V .80
~0.40 L~ - s
40 80 120 160 200 40 80 120 160 200
fHz fHz
(c) HutR 51 (d) Mt 2 &0

9 HWIREHMAIRIEENFERGE

Fig. 9 Pressure sensitivity of boards velocity
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Table 3 Optimization results of the boards thickness

T A AR S / mm J5 Mo AR RS/ mm
Eub Rl 0.8 0.7
LA 0.96 0.77
152 % fif 1.0 0.8

IHRARALE A E GBS KRN, Ik E
4 B 1 [ 000 5 R IR B 35— i A fk, Hop
DA b Al Sy % B0 IS AR R AR (R R
ISR A AR JE RS BT I, S BURUR BRI L 4R
I D OR 2N R IV 22 N (1B = AR S T N N
AR,

THA PR I 25 % e, 32 BCRS A~ 0 A5 7
JEG M4, A&l 11 PR, PN 5 FE 45 %% 58 Hz Al
67 Hz B Y 75 i (H PR AIE 2~5 dB(A) . H 3

80
70 F : iy In‘ %
) 1 ply
60 F ’” 37% R b i!”j‘j
- . W ¥ [N}
-0 f f"wﬂm & &
Z 40} ; :
=
& 30 pdn - Initial
20 f' = Improved
10 f

0 L L L L L L L L )

20 40 60 80 100 120 140 160 180 200
fTHz

(a) B AFLFS LR Le

80 1 . ,
T ¥ - o
1 R Tl
2| e
=3 | ' "
§50 e
= 40 .
= . Initial
—  Improved

20 40 60 80 100 120 140 160 180 200
fHz
(b) # L RLFS FEZEA L
B 11 KR e A= ERT L i &

Fig. 11 Comparison curves of measure points SPL



« 1136 -

THRRXFFROT F R)

% 39 A&

A BR 5130 Hz BT 89 7 TR RIEE R L 2 dBCA)
5475158 Hz A1 180 Hz kI Y 3 % 0 - 25 A% 3
dBCAY A4 . AT WL A A T 000 A5 78 P U0 5 2 Py g
7 A 8 B W ROR

MR 4% 7 B o3 A 25 SR kAT S5 M AR Ak, A & X
P b, ] e SRR 4 T 2 K 1Y) 3 S AR A 4 4R Bl
JE S AT AT R AR 4 P 7 R, AT 36 8 BRI 42 P9
Mg Y H Y

5 4% ®©

(DARYEZE R -7 R A BRI T T N
T, & S AL AR F 4750 r/min B, ZE Py R
FER ASIPLIEEFISIE ;4750 r/min DL B EE
X 3 42 Py Mt s B P B AR 5 1k

(2) 38 75 33 B 9 R 200 Hz LA Y
AT M 7 255 SR AN B 5 ) R 0 ) A KRR
R B3I 3 3 B R A R RGP s

(3) MR HE 78 A5 43 B 465 SR 00 Ak O B A R A
SR P RIUEEEE L AL AR IS 4 N 75 e ) T B A R AR 2
~3 dBCA) , g % B G5 A AR MR 75 e TR i 1 — b
AIAT I 2 BT 7 1

Sk

[1] LeeD H, Hwang W S,Kim C M. Design sensitivity
analysis and optimization of an Engine mount system
using an FRF-based substructuring method [ J ].
Journal of Sound and Vibration, 2002, 255(2) :383-
397.

[ 2 ] Lee Doo-Ho, Hwang Woo-Seok. Parametric optimi-

zation of complex systems using a multi-domain

FRF-based substructuring method [ J]. Computers
and Structures, 2003,81(22/23) :2249-2257.

(3] MEE, BIRME. A IRE NI A GBS 501 L
MBI, VR4 TR, 2003, 25(1):74-77.

Sun Ling-yu, Lii Zhen-hua. Discussions on modal a-
nalysis of interior acoustic field J]. Automotive En-
gineering,2003, 25(1).74-77.

[ 4] Sung S H. Automotive applications of three-dimen-
sional acoustic finite element methods[ C]// SAE Pa-
per 810397,

[5]LiuZS, LuC, Wang Y Y. et al. Prediction of noise
inside tracked vehicles [J]. Applied Acoustics.,
2006, 67(1):74-91.

[ 6 ] Mohanty Amiya R, St Pierre Barry D, Suruli-
Narayanasami P. Structure-borne noise reduction in
a truck cab interior using numerical techniques[]].

Applied Acoustics, 2000, 59(1):1-17.

7] 3R, Wik, ZEE, 5. 5L NI )

HFE ol ot 5 [J]. p EALM TR, 2005, 16
(16):1489-1492.
Ma Tian-fei, Lin Yi, Peng Yan-hong, et al. Simula-
tion and experimental study of car interior low fre-
quency noise [ J . China Mechanical Engineering,
2005, 16(16):1489-1492.

[8]Kim S H, Lee ] M, Sung M H. Structural-acoustic
modal coupling analysis and application to noise re-
duction in a vehicle passenger compartment [ ] ].
Journal of Sound and Vibration, 1999, 225(5) :989-
999.

(97 BoREk. e SRah S TRFIIMI Jbat. fl
ATl L 2002,



