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Sound Radiation Analysis of a Car Front Side
Window Glass Under Equivalent Boundary
Constraints and Wind Excitation
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Abstract: To study the mechanism of sound radiation induced
by vibration of a car side window glass excited by wind
turbulent pressure fluctuation, the front side window glass of
a test car was considered in this paper. First, based on the
equivalent principle, the boundary window seal was set
equivalent to series of spring constraints to realize discrete
Then, a Matlab-Abaqus
optimization platform was built to obtain the best equivalent

modeling. joint  simulation
spring stiffness, so that an equivalent model of boundary

constrains of side window glass system was established. After
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that, the power spectral density of the turbulence pressure
fluctuation on the side window glass surface was calculated
using the Corcos model, which was used as the excitation of
the equivalent model to calculate sound radiation in driver’s
ear position with FEM. Finally, a laser vibrometer system
was applied to obtain the vibration velocity distribution of the
side window glass surface, then the radiated interior noise
was calculated with BEM method (semi-simulation) based on
the test data. A comparison of the calculation results of these
two methods shows that the frequency spectra characteristics
of sound radiation agree well with each other above 200 Hz,
which demonstrates the usability of the calculation method of
sound radiation based on the equivalent simplified model of
side window glass system and the Corcos model as excitation

source.

Key words: front side window glass system; equivalent
boundary constraints; Corcos model; pressure fluctuation;

sound radiation

TR R A TR  BRE O W S Ab L 25 3 B3 55 43r
B AL B SRS 3 BRI I A B R v R g Bk sh
ORI IR B0 1) 4 AR S A AR A % JR il Y & 75
T A% 325 30 2 PR R AR 75 2 . TR ke 0 5 00 1 26 XL A
WAL 1R A PR A AR R A LB, X T e/ 7
PR R TR S e dT Al M A E B . A SRt
G T EE ST ph 0 B R ) B S R DR
FRBITT 16 2 P9 4 S5 A 4 T A

REMBE PR BB FAW, EHA SR ER
T R SRR K B A HR TR R AR LI RE
SRR SRR A B TEE ARSI E
BB, AR BA TLMARLYE AR AR 2
TR DN I 4 1 BB 3 R A AR B ) ST
BORME. T E B AR A TR ST
PRI I . T 200 B B AR HEAT SF AR IR AL AR BE. L5,

B—EE: MEZ 9720, &, M B4 W, T#E L, FEIR AR E R SIRaiEh.

E-mail; heyinzhi@tongji. edu, cn



E3H

BT, 4 AT BRI IR BT W B PR R AT 383

ASCHF Corcos #5884 28 1y /8 X+ 58 i Ik 3l e
JIW 43 A5 . A D O B B B R A 09 B, T S
LT

HENANE A — 2= B X 3 A 49 1R Ak DL
Corcos BERIEAT T HHBESE. X FIIE RE R4k,
Tuncer 85 iz FI S RO AR 7 Bk IS S B S0 AR,
BRI B4 BEE T 4 B 45 AR SN A =
4340 (W2 ; Dikmen 850 38 2l #E 57 22119 B SR 1 #E
PR A SR I 42 1) 4 3h 25 e 5 g S i SR
¥ -SSR A B B AR R T AR R &
S5 1 1 4 00 B0OHE e R N L TR AT T SR L
BN ERRGEBENA S X T Corcos A,
Coney 25 i 120590 A 3, SR SN 6 R T A K )
ksl 4370 BUHiE » 8 % Corcos B & IR 2450, AT
W B IS A I B H PR 3hma . Han 2556
Corcos #RIERFT T 75 FE 11 Bk sh il T Ak 2544 0 3
SRR FR ST, $8 H Corcos BRI & A TR 5]
B4 B T B PN T AL

ASCUABES B AR M o R 50 42, | Sl it
SRR K AW BB R E RN L, X H AT
BRI IR A A . #2278 A Corcos 17
EEFOLM 5 2% 180 P Bk sl » 45 B0 e ) D R % B L AR R
A SRR A Al TR R N TS S A0
DUHRASC T 0 ) 6 7% 1 2R BE A A BCHE, B TR T
(BEMD 1k CEF B, TR BB IRSVBH B E AN
7, H- 53T Corcos HEAY WA BRIC(FEMD 4545
ST e, R B SR R A B 5 Corcos 12
TR XUBUR T 78 200 2 35 358 75 o S0 038 PR

1 EUEE KSR A SRR

AT S RESF 25 R 2 LA K B A R i VR -1z
Ho & 28 T LA B0 — R pR ks R, B R 2%
SRR 2. R 2 T 3845 Bk Y Matlab-
Abaqus BEE5 H» DUBLZS 0 I 45 (900 17 2% B 14T A
Ry BARMEL, L6 A8 S BRI BE. LU R 43U
B L5 FCSLA G B 4% B B R B L RSB ni) oR 2, 36 UE
SRR B A S B PT SR
L1 RSO

R i B BB R G B s g
I HL25 T SCRS BB NI B2 40L& S 43 B A fEL, XoF 5K
1 5 LI BRT F A0 5T S5 SO ok vk R AT RS i
TREG SR FH 22 Rl B s e 7 A 7 k. A O B
R HIAR B 34 R A B AS 3 i wk

PRl R SRR 55 W7 E A LA 31 R
7 B B R IR A 8 B A s AL AR,
TR R AR J B e T A 4 o 358 s R e B A
F RAI B R R AL BN 1 FR.

HOTETE A B

Bl NEHERFESREREERENSSTE
Fig.1 Modal test of side window glass system and

distribution of test points on glass surface
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Tab.1 First four orders of natural frequencies and

damping ratio of side window glass system

BES AR/ He BELJELL/ 7
1 40. 8 4.48
2 64.9 3. 66
3 80.9 6. 14
4 106. 0 5. 57
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Fig.2 First four orders of modal shapes of side window

glass system
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Fig.3 Three-dimensional model of side window glass
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Tab.2 Material properties of side window glass

wmE/ kBT /

HRAFR (kg +m®) GPa AL
Lol 2 260 72 0.20
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Tab.3 Stiffness of springs near measured points

FULDS 1) W g
1 0. 819K, 17 0. 598K,
2 K 21 0. 630K,
3 0. 709K, 22 0. 580K
5 0. 685K, 25 0. 644K,
6 0. 678K, 26 0. 543K,
8 0. 637Ky 30 0. 676K
9 0. 658K 31 0.521K,
12 0. 655K, 32 0. 558K,
13 0. 648K, 33 0. 641K,
16 0. 636K: 34 0. 677K1

B4 SHETFLBERIE
Fig.4 Stiffness of springs near pin holes

ARSI L 3800 N T A SRR3R Py B BIOR o SE A
RT3 TAF B ROR, R TIREHIEHN
Matlab-Abaqus BRGF HF & T REENE N 2R
RAAE.
1.4.1 &itHs

FH T 1A A3 4 2 G B A e, S AL LS
FHEPBMARGN RN BB R BN, R E
A BRATHEZ AR A 0 B A HoRE Sk (D) B,
BRSO IR IR B8 B A RT 4 Br A SR 5 05 5 AH
VERRHEZE I AR HEZE BN AR AL S SR e

2 (Xi—XD)?
e ¢h)
KA S HE A SRR HEE; X, W5« B EIA RN
R X A% i B EARRAIRGE; n AREAR
.57 A
1.4.2 Matlab-Abaqus BEG i E -S4

S Matlab-Abaqus Be& 07 BV & #4700 51 3%
W N E AR FE R A Matlab %
Abaqus FFRICEEL I INP 3C#F, IE 8 Abaqus /
cae AT , Abaqus THRELR G KT8 45 5K [0
Matlab #4745 R 58, TEIRAL T B LHAGEKE T
PTG, A N A ERAEED.
HB GO AL IE B 5 B,

ijﬂéfiﬁ FF‘ ’ EE :J:‘Matlabﬂﬁ?@ii/t{%u Abaqus

S =



%3 BT, 4 AT BRI IR BT W B PR R AT 385

Matlab [i] Abaqus 3% data | _[Matlab $ZH
EE?@E}' R e[| GEsct [ g
lma

—| Matlab SUEEH ) INP 304 FJ ggigg

1t

£

5 Matlab-Abaqus BEEHEKIE
Fig.5 Flow chart of Matlab-Abaqus co-simulation
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Fig.6 Fitting results of standard deviation of

natural frequencies
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Tab.4 Comparison of simulated and experimental

natural frequencies

HES D5 H A/ Ha W A A/ He
1 47,2 40. 8
2 64. 4 64. 9
3 79.2 80. 9
4 101.3 106. 0
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Fig.7 First four orders of experimental and simulated

modal shapes of side window glass system
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Fig.8 Comparison of simulated and tested frequency
response functions of test points of side

window glass
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Fig.9 Interior acoustic grid
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laser vibrometer
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Fig. 12 Sound radiation in driver’ s ear position

simulated with BEM based on test data ( semi-

simulation)
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Fig.13 Comparison of interior sound radiation based on

simulation and semi-simulation results
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