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Abstract: The fuel sloshing noise from the fuel tank after car braking would make driver and passenger uncomfortable.
Using damping elements for the tank is a convenient method to reduce the fuel sloshing noise. Through theoretical
derivation of the force translated from the tank to the car body when the fuel sloshes, it is concluded that the damping
effect of the damping element is mainly determined by the mechanical admittances of the tank and car body as well as
the flexibility of the damping element. According to the transfer path analysis method, the transfer function measure-
ment experiment and the vehicle braking experiment are designed to calculate the force on the damping element. Based

on the result of theoretical research, the design method of damping element for automotive fuel tank is proposed.
Key words: fuel sloshing noise; damping element; transfer path analysis
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Fig.1 The model for no damping element between car body and fuel
tank

TR SEB AR T2 S =il ) Fy AR
B RS RR &N my my, SFRNIEEN Ky
kl, %i&ﬁﬂ)ﬁy\j Ci~ Cy» ')_lﬂﬁ

F (t)=mi+cx+kx+m¥+c,x+k,x ()

xR F(O) 1SR, B

F(6)=Fe” 3)

Al LA

xX=

F

-m@’ +iowe, +k,—m,@ +ioc, +k,
5 52 3 438 )1

Fx(—mya’ +ioc,+k,) 5
—-m@’ +iwc, +k,—m,@’ +iwc, +k, (%)

FE TR IR T N R 42 B b AR AR, fnl] 2
FtoRs o A5 SRR BRI E

RGHAREN M TR AT A

Fl [m 0 )'c'l+c10 5‘1+k1+k3 —k; [ x,
0] [0m||%] [0c]lx] | & k+k]|x

(6)

4)

E):

£ ==

E T
==
W | m

TE. = »

B2 75 Sl 2 I AR T I A
Fig.2 The model for having damping element between car body and
fuel tank

A DAL«

.

_xj )

i F (-m,@’ +ioc,+k,+k;)

(—m@ +iwe, +k+k, ) (—my@’ +iwe, +h, + k) —ky
Fk,

| (- @ +ioc, +k + k) (—my@’ +iwe, +ky )~k

5 2 B8 )1

F=

0

Fky (—m,@ +icc, +k, )

®)

(-m @’ +iwe, +k +h ) (-my@’ +ioc, +hy+ky)—k

1 1
M= My,
—-m@” +iwc, +k, —-m,w” +iwc, +k,

M=l WITLLESS). RO FIEA:

— FM]
1%'_A4f+ﬂ42 ©)
— FMI
B=3 401, (10)
Kk, StEEFRN

K M+M,
TR=F =% M+ M, (1D

JHEHZ TR J& My My M, IR, M. M,
S TH FE R 25 B 190 = 3R e N5 R0 21 i LU AE, 2
BB BT B FONHUR SN, M 2k o kNI
FERIEIEL, B, 52, WRIo IR SR
REEMERESES . WA RIS 9 &
o HEG MR SHE, WENTr YL
SY B, JRIRTCAT (1 P AR ek R R T
REAPEIRTCAF BT R TR, T DA ER
(1) A3 O B R FEIE A TR Te A

MR PGSRBS 75 s HS, B AR IR Stk
K& 20dB, HA ifEiEE N 0.1, 4T 20dB 1)
L, WIEH I K RE EH N 99%. 4



1M BCAREE: R AR o Bt w7t 71
M +M M H H, ---H
=0.1, N 1 2_-0.1, 39, 1n-"12 In
TR=0.1 ”ﬁjL+Mﬁ%@ 0.1 E]]MlJerg Hp

kAR IO B R B A B R A S AN R 9 A
I, JiRER K RESIA S 20 dB.
MR 20(7)IE AT LR IR T A 52 J R
Fy=ti e (12
3 tM,+ M,
PR TCAT 52 3 1) I RN B Pkl T I 42 5 52 3
Mt id ) —HER.

2 AR Bl 1 Sk

26 1 TR, FAR BRI KN A Bk T
I 194%35 3 5 Jo iR Te A I A% Ty 2 L MR 22
RGP E & IR T . IRRTT i
RIS B R TARIR A2 016 00, B fR AR
2 NEGA R FBURIRTCIF R Bk, Ryafeid
BEAR T IR B, R SR R R SR A T A
7 IR X 2 B B 7T KD o
2.1 ARSI EERE SRR

TAR IR AN e B, EARIE LA S R 5%
fih (o7 B Dy AT B IR IR IO B, b AR X e oy B K
Wil SR EE B 5 o Wil AR FIAE 4 57 A IR Bl
P, 3 s AL 2 BRI /1 e A AL A AR B RE
BELE (ARSI R S RT RE A A7 B 52 21 A Bl 0 AR
RN, B JIAREh R R o< R I 3 R

PRBh

B3 WRh AT AR B BL O FR

Fig.3 Relation between excitation force and vibration response
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Fig.4 Tank damping pads and bandage positions for experiment
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Fig.5 Acceleration sensor arrangement on car body
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Fig.6 Vibration signals at measuring points on fuel tank surface
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Fig.7 Excitation force at the position of damping pad 1
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Fig.8 Excitation force at the position of damping pad 2
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Fig.9 Excitation force at the position of damping pad 3

0
-10
20
30 |
:40 _,,,m !; ‘.“J ‘H‘F‘ur

gg W WWW *;%f:ﬁﬁ\’?., %%m M '"W | ’ga»“mwﬁ'n "
80 " ‘Y | WﬂlmM"
90 |
-100

0 100 200 300 400 500 600 700 800 900 1000
AR Mz
10 9Ky 1 4 B AR 11

Fig.10 Excitation force at the position of bandage 1
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Fig.11 Excitation force at the position of bandage 2
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Fig.12 Mechanical admittance of car body
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Fig.14 Frequency spectrum of force transfer function
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