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Prediction and Control of Structure-borne Noise
for Fuel Cell Vehicle Based on FEM/BEM

GUO Rong, YU Zhuoping, ZHOU Hong
(College of Automotive Studies. Tongji University. Shanghai 201804,
China)

Abstract: In this study.the FCV (fuel cell vehicle) structure-
borne noise reduction by the control of body vibration based on
FEM/BEM is studied. As to acoustic analysis, in order to get
the dynamic behavior of the auto-body structure,a frequency
response of body structure is calculated by using FEM. And
then, the pressure response of the interior acoustic domain is
solved by boundary element method(BEM) . Test results show
good agreement with simulation results and the error analysis
between those is made. As to body panel noise contribution
analysis (PNCA) , the thoughts and principles of PNCA are set
forth and analyzed. Then, the governing principle of selected
frequency is determined. Based on the above analysis, PNCA is
carried out to point out the direction for body panel

improvement. At last, constrained damping treatments are
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adopted to control body panel vibration. Based on PNCA
results, the panel modifications are developed and validated
virtually by the above-mentioned method. The simulation
results show that the amplitude of low-frequency interior
noise reduces and the control of rear seat and front floor

improves in FCV structure-borne noise reduction.

Key words: fuel cell vehicle; finite element model (FEM) ;
boundary element model ( BEM);

prediction and control; panel acoustic contribution analysis;

structure-borne noise

damping treatment
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Fig.1 FCV structure-borne noise analysis flow chart based on FEM/BEM

FEM/BEM J5 ¥: | i 7 1% 8 [n] &8 (acoustic
transfer vector, ATV) & y:087 ATV 2AE 3 S R A
SER PR ST Z BN T — P XN K R FE/NE T
PAELLT W] LA 75 By B R 4o vE i, Rt AT A
TEH A CHLIRES 18 2% 1 b B B 3D A s G v
SRS TR 2Z [ T 2R DG 2R . G 235 ) 2 1 25 7
B BRASBTT AR S Z BT DG R AT AR N

p = Hymv, (D
Kb p A RS He 1) 6 s Hana R F5 4% 338 0 B
(acoustic transfer matrix , ATM) ; v, N 45 #3515
A7 1) b BRI E . 3R TR AR R sl
p = [Hyv(w) "y, ()} (2)
T Hary 75 (5380 [0 1 bR G o AR
LMS/ sysnoise it i 7 1 32 6] 4t 45 75 37 v L A



1486 7 B K A B D

% 38 %

ALk 7 5 R R A% ) i Bl o R 2 TR ST T KR
ATV (¥ B SCAT LR Sy BT s AR E R
B A B A a5 B R B R T L A A 3 1)
SRILYELE S € RO LS PIN LN 2 NIOE
e THT R A PR B0 - AN B s @3 s i s @
TR OF A B P PSR R V3 RS

FERA TR AR TR . 4 5
MRAF TR BN SE Vo Co) 5 BE T 00 A AS R 11 A2 4
ST AL (97 2 2R G e A S i al LR
ATV FOR AT 22 TB0RS 2A 00 50T L » LA R8P =7 ]
IO SR A (IR ] 5 382 = 70 B sl 6.

2 BRTEBFMARTERET

2.1 ARTKRBET
SRR 4 B A R AR b e A A
Ji PRLA PR TG S AR R - ThT 52 0T Herp 3222
AP DU 5000 T RAEAS B i R 12>
VIS I 3 8h T R A E TR R
APRATIGE P R L, A 1 2 B BT A S At s AT
Ja WSS . A FROC RS i B v % 22 5 B A
B B BARMIRE ) SRR ML N YR #EA T 1 i 4k . LA 40
mm 2 321 4 B RE BT R /N B BRI T B
21 937/ ORI 4= 7 B AT BROTRE B NI4T 2 s

o

@)

B2 ZFE54&HMNERTEE
Fig.2 Finite model of body structure

2.2 HRTEBEL

WA 3, 7€ hypermesh FR3E HHE ST T 1 A7 JEfi A
R 25 B S5 40 0 FOeR Y. I R etk AT
7 T00I o K 2 B 235 4 Jr A 2 1) b R T 1 R S
o TIPS PR A A I TR R R D A i ST
T AR 2 SR AR AR R L 4 B Y R
BE LR SR H 2 B AE 42 fok IR 5 AE — 2
PR A SYSNOISE Hr 22 )5 € A1 RHE 7 LA &
SRy BT

~Domain 000001(SET)
ub-Domain 000002(SET)
ain 000003(SET)

B3 wEENGEHARTER
Fig.3 Boundary model of body structure with seat

3 #-T FEM/BEM HU#A ¥ th E 45
A4 75 T 53 4

3.1 ZEHISMER M R 53 4
HR AT 53 A BRAE » 4544 B 20 19 52 3% i Ji; 7] LA
SIBUR o2 =) VG | N |
{uCw)} =[] « (Mg (w)} 3)
K cu BEEH RS [ QRS S 5 a4
AR s Mrse () RIS 22 5 BB LY 1) o
VLR B LRS [n) B w FE 52 2 45 40 2% T R I 2 T
] b 3l AT DAAS 2 45 0 () 4R sh e o
{(Valw)} = jw[ 2] » My () (4)
K o EEFGIR B [ 3 B 2 40 1 A0 Sl e AR TR
T i SRR ; (92, 12 45 M i PR S S TE S5 4
FERLTT 0] 110 43 1] 2t 2B ) 4
TEHEAT 4 B G AR 3 3200 1 43 BT Z 17 A& 4, 5
£ Patran Hisg e 258 0 1 43 B 1) A7 8% 29 R 251 (&
O™ M B & (ER <O B S F 44
PSR A R B R 6 S B R E R
%, [A) IR AR Rl B R 58 5 4 B i AL it i
RIS RAF AR F1 (=D, M SRR 77t mT 3
PRI THAEAS 2, $E 58 Nastran SR A 25 A4 551 52 1 7
AR 7 A3 BT VT2 R 2 5 A9 B 245 SO
% 06, HAg X FE 3Ry + . fre B {E 30 F oo K B 1y
Wi 50 FTLIAE Patran R F L 164N IE SR
TS ZE A BRITRIR A A 1 2 A
3.2 FWEZMmEF
Hy 2 (2) A F00I 2 PN 7 2 e s LA 3 U I
1) TAENZS : OZ5H- A3 2 0 1 53 B » 75 380 2 T 4 2l
JE @7 2% ATV K, 15 8] 75 1Lk 1) &5 Q5 5
ATV ¥RE R AR B 22 R 25 1. e g is
B 25 By FRH R B N AT AT ATV SR A



%10 58 5.4 BT FEM/BEM MR ol ATF 42 28 4 A B A 1487

e —— i
3 am,
e » ]Ac '3

LML L O st
! | 0 Bt

it

Z 100 z
R R
¥ 102 13
: :
1 -4
g W
10°¢ 50 100 150 200
B / Hz
c ZERIER A
z z
= =
= 1
IR i
& H
10—6 1 1 L ]
50 100 150 200
W% / Hz
e FARNEREM f AJEER

B4 SIS TR DR ZGIRE

Fig.4 Boundary condition setup for frequency response analysis
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Fig.7 Comparison between test and simulation results
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Fig.8 Acoustic response under unit force input
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Fig.9 Panel acoustic contribution
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