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Experimental research on sound transmission of
car door sealing structure

XU Shiwen', WANG Yigang’, YANG Xiaoyu', WEI Cheng’, LIU Weidong'
(1. CITIC Dicastal CO., LTD, Qinhuangdao 066011, Hebei, China;
2. Shanghai Automotive Wind Tunnel Center, Tongji University, Shanghai 201804, China)

Abstract: The pressure difference inside and outside car body and the local pressure changes of seals cause the sound
transmission increase of the sealed door, when the car is running at high speed. However, there are few related researches
on this problem at present. In the current research, by using the small-scale aero-acoustic wind tunnel test methods and
referring to the interactive characteristics of the seals and the aerodynamic forces of an actual car door structure, the
experimental conditions and the test pieces of the door sealed at a single side and the door sealed around are prepared for
the study of the sound transmission characteristics of the seal structures. It is found that the vertical and horizontal seals
have a greater impact on the sound transmission of the door at middle and high frequencies, the frequency range extends
to low frequencies for the horizontal seal, but there is little effect at high frequency. Acoustic radiation and transmission
characteristics in airflow are further analyzed. The sealing strip compression force has a positive correlation with the
sound transmission of the sealing structure, but it is affected by the four sides supports, internal and external pressure
difference, deformation of the door structure, and the force on the sealing strip. The research has an important reference
value for the design of door sound insulation and sealing.

Key words: door seal; sound transmission; wind tunnel experiment; aerodynamic noise

0 5 5

R TR R R ORE A IR
TR, IELEAERBA G S, Hofrh
PERERON IS HEN B, ZEVR TR RIS IR
B4 4 A LR TR 026 KV R
ERELEHITTR TRRIOTR LI, 25k,

kS BHA: 2020-11-10; &[5 HHA: 2020-12-16

fEZ I RIE0(1968—), T, \WWARMIEA, BIFTFR, BT
ETH,

HEIE1EE: L3N, E-mail: yigang. wang@sawtc.com

1T G5 ah & A1 1 I db A Ky A% S PR RE W L AL
NAE, K2 O TR X 2 T R A (5
Jil) T IR T, CLE A S R Se e (T
Fos B ok Tl =R GRS AL FE A
AT I E B 2R MBS REOR, e
AT BT 2 A A I 2 R e Ok R K LB AR
ERC STy AL 2 i AN o S A R AR 3
SO R AR A . UTEESR, BEE RUIRI R AR
I, BN I -2 M B AR T H 2 5]
AR AL, I AT 00X 5456 I AT A 1 E I 3
2L i T ARSI B B 5t ARG LT
TEFTFREIER, X E S HE IR AT



386 =R

EAN S

2021 4

8D, B RN, MRTEIREAZ .

T BB AT T I 41T B AL S T T
Ry ABEFA N SB)-F 2RI, S HITE S
FEEIT RSN TR %10, sotikieft, =
RLETUAE BN AT 7 7 P18 T % e 4 A 7 14 75
FRFAE, SEAR B TURUR N 2R T TR P A B i g
"%,

1 SEgF 6 STk

1.1 LBIEE

N TRV T IR A, AR
FIA T B 1 Frosi— BN S 8- 75 2 X0 .
EZZ R il 2 Sl = W v R I QB < AN
520 mmx200 mm, #AREA 40 m-s'. KA GLE
RIS BB AT — 2 I b2, BT —x2
(RS AT e 2% 1

B NS
Fig.1 The small aero-acoustic wind tunnel

WX BAARE W SE A R A 2 fr
s I B — TRIFE A 75 Dy T 4L, LR T ik
AT VA AR 2%l IR BOR e 1l H 2 4
F 3 s oY, — MO, kR Ansg -
7, R R oy .
BIE P AT A 4, T 0 & PR 7 Ty
fibo P B 2R T Ah. I ZAe <
WSS, TSN — A g

AT B W B G R A R
HIRtE, 34t T REe Bes a8, AERAE PR
Bz de — MG A, FAIN BRI 2R ELRE

B2 MERBARE . WA R
Fig.2 Layout of test sections, test piece, and
measurement points

15 em, AT FreEim R s . A B4
MHEIE 15cm, MTRHI. 20 BIE&RE
RS FRFEARAE, DRIESRIR S R et . 75i%
SIS, SRR, 5 A B A AR 2
PN, R RIS B N IS IR R A, K L
PERRIE B (5 55N . BAE T 251075 Ik 2403%
RAFRE IR, BB AR L,
AL PR 22 57 SR A BT 2 B S M A% 7
1.2 REHHE

R TTI A RS S5 6 A DUAE Bl 58 2614
TR, SIS T B AR AR, FRE TSR
350 i1 BRI, s gt f7e
R TR THERG T 5 R R M, RN
—H/NEFT IR, HR/MREE TH

N T RRAUAE F AR RS 1 b B R AR R RS 2
U THRCGRTEE JAE 2, ARSI T 508 350 B 421
SRS, SR04 3R 1 10 A4 (VF
T HEARLEERR), 101 3 s« M 3H N 35 ms™!
i, FERTH R 1 046 Y5 N —602~350 Pa, # KA
JEAE LA TR B v B, W & E A
B AHERDBERWTTHEFEE, Kok
I3 V8 9 47 E—602~—30 Pa, %545 My hr B AR
6l N—602~-200 Pa. A T AISL g tfiln, ik
WA MA R R, ISR ORI TR A — &
SRR RRTE, iFE 4 Fras. FHgad i Jmt-Emiak,
fEILRISE %2 BRI I 7E s F A Y, R
K FRAAARLT, oA 5 s . THEEER
I RGEA 35 mes™!, M EB G IR-PAR X 38 77 B K
SRR 5 R SRS, B 43 A1 YE R v —650 ~
260 Pa, FEAFISLAEANY, Aefsamib6E KR

z

}”.-lgg--l |
-602.43 -411.70 -220.97 -30.238 160.48 351.23
& /1/Pa

B3 SRR

Fig.3 Air pressure distribution on a car door

i
|

o)
5, 350 i§
| | | |
LA = [
\ 500 /
AR R (A IA T AN

Fig.4 The external structure size of the test piece




53

IRUESCEE: YRR A S A 1 4% 75 SC BB 7T 387

HIMEAE TR RIANE, B A5G LR E 454,
B RIS AE T AR, R el AN 1

Se—
0] -
=l

=

)
=l

i il

. i I Onm
z -657.55 -449.69 -241.82 -33.960 173.90 381.77
JE /1/Pa
5 RSN E S
Fig.5 Simulation results of aerodynamic pressure on the
test piece

Tw

1.3 REHRENEDNE

N T BAERIR A R ARSI S 585, *
TR 8 {1 7 A R It B 3R T T B A G T AT
M5 o A6 R FE I 2y v RIS i N A 22
R Lo 6 N, Wl 6 Fin. 78 35mes!
KGR, SRR 1 s, &S %
J143 A {6 y—582~—168 Pa, &AL TS24, {HAH%
BN, PTRACHRISEZEAE Y, 32 WHRER

6 RIS s S i B
Fig.6 The test piece and the positions of pressure
measurement points

F1 REHEFRNSHREES(Pa)

Table 1 Surface pressures at different measuring points

of test piece (Pa)
W R WA B AWEAE) WA A
3 -582 5 -339 7 -152
4 -191 6 —264 8 -168

1.4 RIEHBI AT

FH YL B 51 1) 25 7] 2 dF &5 w4 75 ] DL R e
P R, — o B s G TR TR TR I 2 B 25 77
TE 25 B A (U 22 B 51 2 A% 75 B Fl T IR T TAE B¢
B BT RN SR AR (e i) B LR A FE IR, — =2
TRAT BB 5 1T A E 22 S B0 TTARCBE A 3 R0 AR
Sl ERE I INAEAL R . A T AT IR R
R S5 G G P RAE, B T A ISR, —
T & g SR AR 0 B 35 2% 3 LT SRR 7 T (TR R
Bt e B 2% ) A LT 5 B 46 FAT T R TR (TR RR AR

) 25 B 2 L IS UL, 1 7(a) s . SEIR I T H
o — BB 0T, KRR IR 5
— P EE R AR SR B A, L A
TR 350 ZE00 [ TREARTH RS AR, U3 2 3 df
o, BEIEREE, IBUT BT RS RS AR5
B (RIMBAT A o 12485 M T DABIF 90 DY 3 5 e 4% 7 A
PUTARAE AN Z AR R T 148888 it 44 7=, o
Tb)FTR. BE IR K D Blghty,
T 25 A 2228 7 R B 7(e) o

—

(a) BATE(TE FTRIAT SRV 2 3t

(b) T IR (& B A1)

(c) BB Ik J 2 i 5]

B 7 PRI BT
Fig.7 Two sealing methods of the door

2 SREREER Kot

2.1 BIEEIEMREERFE
2GR B RGE Y 30 mes, RPN
R R G0 A W P R Z X S 2, M sRse )
WEFE g . SIEE AT TG B 45 A B (R A
G, FLAURR A % 45 1) 1A A D) R 2 e 4
4 B AR PR AT SR AN (IR 3% A0 ) R IS 1) 75 s
B, XL AR P TS RFAE
21,1 B AL AR
B 8 Sy daf G5 M R R 38 ) 25 25 )k



388 =R

EAN S

2021 4

PRGN CRIZ M FE 1 A TR A S &
SR, BRI TG s R R
THE. WSIMTIEERTEH, HEAN2EE I
% S5 (%) W 75 7 = A — 8 I3 N, JUIAE 4~
6 kHz SABG NGO, HEHAK, HAHE
JUPAAE . NG, BT3B mmrE,
KT 1.5 kHz B om0 X dak g s BE 5 4 o (B A 25
B SRAE ST BN R0 7R 23y AL &, (BT
BRE NN, ORI EIT 10 dB(A), A
WL o T LA 2 J5F 2% BAR A X Hh g A4 75 (1 5]
LT RVE

80
0t -
< 60f X
g sof
3 4of AR
w30 o oo G IRRIRY
20 F m—— g%"ﬁé\‘ﬁmj
ol — sk
0@; o \QQ WQQ v@ %@\@Q% \@‘oﬁ)@
1/3fEARFEAZR /Hz

M8 B SRR
Fig.8 Sound pressure spectrums for the door vertically
sealed and unsealed

2.1.2  HER AL RIE

P19 Jy 0 % Jt b M (s A N A5 1) 2 s 45 WA
PRSI RIZ A RIS ) A SRS H AT RS I
gEIR . ST 45 BTG H 8 B 4 1 2 2 e AM
TR E M TLT- R . BRI, BT
FIHITELE, 76 500~8 kHz ¢ T8 45 [X 1 W 75 14 in B
&, BORnE# 10 dBA), JLHAE 700~5 kHz
BN R R, 5B m A, £ K
XSS, BT 6 kHz LG4RS, M
RO R ZES . Kk, 72535 5 S5 B8Ti Rg
B 3 48 7 DX A X6 5 o

80
_T0f
< 60} ot
S 50l & aaLesta
X a0 & P LS IR
2 o — TR e
BO30F S o oo AN IHAEAN -

20 .“ I *ﬁ%i‘f’ﬁ?ﬁ@ﬂ

G oo- BEEEE

“

QD 8 O O DN DD O
P EEF LSS
1/3(ESRAESNZE /He

FlO BB A A
Fig.9 Sound pressure spectrums for the door horizontally
sealed and unsealed

22 AR R AR R

IFi) B0 b G A SO A R, SR B XU
30 mest, AALERUF RGN 37 43 ik o % 4
A R A AR TR B AR A 5 e &5 M R R AT SR
MRS AN RIS 75 R, 5% BE 23 BT 25 et 5
P AL 7R AT RE REAE o« (B0 T8 R BRI IRRAE B AR SR AE
M T TR ER R, AR E g msz, Aae
PRAIEAMTTERE BRGNS H R . BTRA, SRERIY
By 10~20 kHz A5UT A 1M 75 1R s e A R, ORAIE
THREATEBAEA R T I N 7 3 A 7]
22,1 IR 2 kG g A 7 s

B 10 Ay T8 ah M At A T AR AR s s
FARA ST A ) A AU AT I & 25
Fo LI A IR AR F 5 R MPIRES, BT T TR
N, FL AN AN REAE TR = AR AR T A A S AR
GERR .

110

— WA
2 90 eee HAIIARERM
g 70
iﬁ 0r 0 0%
B30l /7 mE A
e HEE BRSO
o
\q:‘: q(;) g.}Q \Q r\,QQ D‘QQ %QQ\@Q%\%Q‘O%QQ
1/3 5424 /Hz
BRI 10 e e P 25 e 26 AT A5 T TR P 75 90

Fig.10 Sound pressure spectrums for the door sealed around
and unsealed

MM G R0 E H, PR T AnE J
AAAE, ANAE 5 kHz ST AR/ N ESR . NI
ME, HTHESEMRAEIE, 400 Hz~10 kHz #5%
AT P FE N, S K RIS 10 dB(A),
JEHAE 500 Hz~6 kHz S I InNER K. 5 Bk
FATE SR AR SRR AR SRR L, 1245 R T R R A
IR (] PRI 25 SR I A e BEPH 1 T TAR DY B 2
(P 79 1) LA BB A R AL PR, [
TE 7] 4546 55 J V5 U1 B e 0 5 e 68 A o AN IR 1)
& 75 AR AFAE AT X BB
222 [IHREE B EERE AL RO

IG5 MIAE SEBR AT I, P A R 2 2 e e
A, FEAE 2 mm AR TARAERR . WimTTid, A
SEEG T TR AR S, FL AR ZEABEAMEET 454
PSRN DRI, ARSEES SR 1B B R AR
/N O mm(F B LR EA 5 mm). 1.5 mm(E 4%
JE4REH 3.5 mm)Fl 3 mm(Z & E4i R 2 mm)



53

IRUESCEE: YRR A S A 1 4% 75 SC BB 7T 389

EERR, DIBLE sl SmAER T, EI Tl TR
1 AT et Rl AMES) BB L . FEAS [F] G2 R i 25 3 2%
R BNAF KPR IHMER, AR A
o KGHEA 30 m-s' B, 7E 10~20 kHz S n
MR TR B 11 AN Ao R AS B S Az
T A RO RS, B 12 AARTE S EIRER
FE R AT .

150
= S
E ool 962 96.371 ; 96.4724
= | 70.3 - .
50t
2
0
0 5 3.0

1.
11 RFEKRERES T LR

Fig.11 Sound pressure levels in different closed states

100
=
% 60
i}( L
g
20
R
1/3 5424 /Hz
= PWIIRS M = 1.5 mm#& [E 55 H SR M
oo GRITAREE N — 1.5 mm¥¥ [ &5 R

== 0 mmBEHEHMM — 3 mmBEE T BTN
— O mmBEFEHBTWM  — 3 mmBERE B

B 12 AEDREIRE T YA A

Fig.12 Sound pressure spectrums in different closed states

ME 11 SR AT, I A 5
A, B 1SRRG N, fErAign, 2R
P HINR, AL ARSI E RN B 12 /1
PR Al L, SR I E AL AE 400 Hz~3 kHz
BB, BEE SR TE R I INfE A g 9% . (B4E 3 kHz
)G BEE T IRREERR ARG, eUse il 75 s 2 B i H 2
TH/NAIILR . TR, IR T BA IR
I, D R 2 T, AR BB A e 2%
AR LS MG, SECT 4 kHz A SRBL A
REJJHG . HE b mT LAy, 220 R o e R AN )
B, AN B P (I 95 RE T AN R Y, A2
BOH T T B2, NGRS ANFRAL A RSB
e 7 3l (T X R
2.3 [MRIRBIREEhAE B AR AR XUREY

T

0% 3 G5 R 1) A IR IR R 3 2R (R T T R P

DM % o I AE 25 J5t 4 R ] 45 ) 2 1) S e i 1 =X
JE AR IR N 2 Bk R Ty, [FR, RIS
AT T X L (1) e 00y 5 12 s R s, AL
NN B R RS A BB WL
Slit. B 13 N R A E, B 14 RS A%
TR 2 35 T AR sS4 B o 7E 10~20 kHz SRELH N
HER IR, alfERGES 0. 10, 150 204 25.
30 A1 35 mest B, PEFE RPEAEE ).

I VB0 2 2% R A i R A R 2
Jr AN 14 Fros, DA 1 AN S AT A
ST B S, IR 2. 3. 4 ARIRAL T b a) A E
HAth = AN E D W IR 7 A B . R THR PR
FRBRAT, B 15~17 KN DB &AM S K E
B BEAS [A] JRTE AR L 0 S R

MK 15 e CUEH, EAFE B RGE T 5%
WEE AR, s —EmES. 8L
JE 153 AR R AR 2 I HNI SO A AR H e s R
JHE R RIS A, AR TBU BN A, R
K, RIS TEER SR, 178N B KE
(R 0, A 00 s i e B 2 B BT S
NRERRES, AT REREDN: BRI OX
W15 mest Bk, TTHRGE Ao R X, R K
SRR, ARG N, %45k R DTk
AN o ABRGEER/N15 mes™t BLR)B T 5UR /N THR
JUPTIA I, SRE o 2R %3 4 Lo S8
JEE D380 . X LR B SR AL R A — B
AU

13 BTN 5 Hs il o
Fig.13 Sound pressure measurement point on receiving side

14 IR 774t 1 3 42 2 Tl 3
Fig.14 Film pressure sensors installation and
measurement points



390 Ao o R 2021 4
» R X ST THRAMIESE bR BE LSS, (%I )
ol S HE I U5 A A
Lol K17 BRI IAE A 1. 20 3 AT,

Z 08t M4y 5. 6 fr T 53—l S i 7. IR
§6& HS54WAxR, FREEEAE 5, S8k
ﬁ JI& . KU G H R G R A 2, 3
' A RG22 5 550K, AT REA U 5 % 3 5632 3]
02¢ W J1H K.
0 1 2 3 4 5 Bl 18~20 1 IR 2 f 5 Ar B 5 U A% 75 g
W
m R 90 B REAISmsT W REA25 mes? L4 82
m XG#EN10 m-s? RGE K20 m-s? m KGE N30 m-s! = k7 181
m XUEA35 ms?! 121 o sy 130
. BI1S T80 I {EEE K2R . LOr 179 <
Fig.15 Pressure changes with wind speed at the lock side Zz osl 18 %
18 B 06} 17 S
16 04} 1 ;g 'HH\
141 |
12} 021 17
73
E 10} 0 2 3 4 5
0.6 18 [ IBA I A He SRR 75 R 4 (R4 30 mes™)
04} Fig.18 Pressure and sound pressure level at the lock
oat side (wind speed is 30 m's™)
0 18 78.5
1 2 3 4 5 .
BIJ Lo = 7 178.0
m R0 = KA ms? m REA25 ms! 14 PR ’
m XG#EN10 m-s? RGE K20 m-s? m XGE N30 m-s? 12k {7752
m XJE N335 m-s? z 1'0 R
16 HeBELIE S B M A Rl 770 5
Fig.16 Pressure changes with wind speed at the hinge side 08 14
0.6 76.5 1.
18 04r 76.0
1.6F 02
F 0 75.5
1.4 1 2 3 4 5
z L2r W
g 1or 19 BB A5 ) (LRI P LS XU 30 mes)
1 0.8F Fig.19 Pressure and sound pressure level at the hinge
0.6 side (wind speed is 30 m-s™)
04r
1.8 82
0.2 16 L Bl
7 2 3 4 5 14} - PR 181
HIIES 12f 180 <
m XJEH0 m RJE NS m-sT m KGHEA25 m-s?! Z 1ot a4
m XG#EN10 m-s? RGE K20 m-s? m KGE N30 m-s! R 179 %
m XJ#EA35 m-s? M 0.8Ff %
17 L B A A 061 17 =
Fig.17 Pressure changes with wind speed at the upper and 0.4 177
lower sides of the door 02r
S e e N o e J N 76
16 T, AXEE R AETEEE R, W T 3

2
BRI, AL EE S5/, I R SR A AT \ s ,
20 AR T 5 SR 2R A AT AR 30 mes™)

B BEERGRMIEI, FFEARZIUZE LT H)E Fig.20 Pressure and sound pressure level at the lower side of
Fo WA AR . R R TRRUE L A the door (wind speed is 30 m's”)



53

R R TR I P SR 31

FIXTEE . e SeaG IR, SRR I I i 75 K
TFEARIE L], FIFHMER M ZE 1.6 dB(A), Bk,
TE RIS & () 75 e R R A B AL RE T
ME 18~20 FATLLEH, KB ML HERE A
R, BEERNAANER, LG
AR, W BAEE 4 AN RE R, BiZRAZ
555 AN R 1/ BRI, 25 4 51k
ARSI, BAEIANIE 4 AR . itk
ATUAE N, BREESERE S, KB E N, F
BB IR B AN A B SR A 7 AR B T R M)
A7 B 7 28R R O o

3 1w

3.1 RIAKSENEIAIME T ARG MR A 1L RE

MR AL R T e S AR IR ) A
RIA% PR R & Al LU Y, ARy [a) 2 B 043
(B¢ R )R IR R A A R RARCR, SRS
e [ ) b 3 (o s S )t 0 1 o v A 75 52
WA, 5 R A AN ] D2 8 1A v e A L e
P, RS BRI AN K o T A R
AL FE TR o (BRI B P 3000 T TR 8 5
A 5 S0 EE L0 o AR SCHR[13 1 FT AT, Ui
PRBKENAS A SR ST & 27 AR FR 4
B e S A AR . B LT
FER T LIRS 21 893 S A B T T
A P (FIRFAE, SRS T (1 B 75 AN e i S (it
BS54,

70
__ 60}
< sof
X 0 JRHR
B | [ aamas PRZLAS
2 O/ ek Lo
20} A B AR
10 L —
I B SOOI I S S
OV SR R )

1/3 5 50FE Mz
oo BT TAR BRSO — M SO — A3 s s i

21 P RSB A IREE T I 5 AR
Fig.21 The sound transmission characteristics of door panel
imposed by the airflow and aerodynamic sound

32 BEHFERNFEFNXHR

M BB FER 58, B A SR e se
fE s B SR AR 7 A o T IR BT
G, TIRAESN IER S =P B /i, = S8h

B VR R, AR, EERE SR
A, il 12 s, THRFEBUA LB A 3 mm )
R, HER A, KEPBUL RN, (B
H 4 kHz PITAE A 2008, VPRI 3 B 2
FrEA K. K18 FIE 19 HILE R I KA E 2
Je e s K /N B AR A R R, AR AR,
15~17 BB RIEFIA KR (L E BN KR T
RIRPEF B Z MFIL,  BORT IR RIAAN K,
(HE B2 NANEZRA AT, HmEE . X
S GA it PR, (B 1T A i
B ZRRKITEMW, BTN LR SR,

4 ZE

3N B -7 IR SR A i T B
SHEFIERET RGNS e, ALl
AP 8 R R T AR DY o) 5 45 ) SR AR AT 7T
AR, W TC s B A AR . BT TU S,
REY:

(1) IR Ty 17 3 L0 5 dob 32 (8 1) 3 ) 26 1)
A A BB A% 7 MR ARR AR [ AH 7] )
e 32 (A i ) O 1A P o A0 B F) A% 7 R Wi A
R 558 [ 85 AN [F] AR A o s B R
J&, X EEBBIIRA K, Bt T
PRR B 7 PR T T TR G54 (B 7 B S5 40 ) s BB
Ifte s . PR MRS RFAL, O TAR ) 7 A
BFRAZHNE.

(2) B 2% R AN B A Ky A A IR A SRR
o AR F IS SRS, 225 F11E R
[TRAFEAF, BRI AR A,
ferRiE 22 ARk, BB T T4 N B 52 %
IR, Bt iR 2R A58

2 £ X W

[11 KOIKE M, FUKUMITSU Y. Sound transmission loss of weather
strips [C]/ISATA-Proc.90069, 1990, 22nd Znt. Symp. on Automo-
tive Tetchily and Automation, (Florenz), Proc.Ud.2: 1155-1161.

[2] GUR 'Y, MORMAN K N. Sound transmission analysis of vehicle
door sealing system[C]/SAE Technical Paper Series. 400 Com-
monwealth Drive, Warrendale, PA, United States: SAE Interna-
tional, 1999: 1187-1196.

[3] JUNG W W, OH S J. The influence of vehicle elements to aspira-
tion wind noise[C]//SAE Technical Paper Series. 400 Common-
wealth Drive, Warrendale, PA, United States: SAE International,
1995: 21-29.

[4] PENG C B, MORREY D M. An investigation into the effect of
door seals on noise generated in the passenger compartment[J].
ImechE 1998 C521/1020: 335-344.

[5] FEWZE. KEFENEESEGESEROCREI]. L50AE,
2011(2): 30-32,35.



392

VN 2021 4F

[6]

[7]

[8]

[9]

FE, AKZ, 5. REFTIEHKEFEREG A TIENE
[Cl2014 S E R F 222 AR 2GR SR, B, 33(S2):
281-284.

LI Qi, BAI Changan, WANG Yong. Introduction of sound insula-
tion performance simulation of vehicle door seals[J]. Technical
Acoustics, 2014, 33(S2): 281-284.

madl, WHGE, MR, . ZEISERROC P TR B AR A I
REDFHLT]. V23008 K5 54R, 2015, 49(11): 142-148.

GAO Yunkai, YANG Zhaotong, FENG Haixing, et al. Sound in-
sulation property simulation of door weatherstrip considering
practice working condition[J]. Journal of Xi'an Jiaotong Universi-
ty, 2015, 49(11): 142-148.

THOR W, BOLTON J S. A desktop procedure for measuring the
transmission loss of automotive door seals[C]//SAE Technical Pa-
per Series. 400 Commonwealth Drive, Warrendale, PA, United
States: SAE International, 2017.

27, GG, EERBUAEE B KSR ML)
A, 2007, 26(4): 678-682.

LI Qi, YU Wuzhou. Methods for testing sound transmission loss
of vehicle seals[J]. Technical Acoustics, 2007, 26(4): 678-682.

(1]

[12]

[13]

PURZ, MERI, LR VISR A A BRI R
ARG R [T]. IRFET AL, 2012, 34(8): 692-695,744.

HE Yinzhi, YANG Zhigang, WANG Yigang. The mechanism and
experimental study of the effects of car body sealings on interior
aerodynamic noise[J]. Automotive Engineering, 2012, 34(8):
692-695,744.

VK, R, KM, & VUEEE R AR ) 5 KR s
[J]. &5 SHRBIE], 2015, 35(5): 82-86.

SUN Fei, LIANG Bo, LIU Jianwei, et al. Seal performance control
of automobile doors and wind noise reduction of vehicles[J].
Noise and Vibration Control, 2015, 35(5): 82-86.

BRE, BN, SKIR, & w4 AL R SRR AT
[C1/2019 HERFE TR EXR . i, 2019: 325-331.
R, TKEE, AT, & BTG BRI AU R R R
M) FIPER AR (A ARBHERR), 2018, 46(12): 1696-1704.
WANG Yigang, ZHANG Jie, YU Wuzhou, et al. Analysis of wind
noise propagation characteristics of automobile based on statistical
energy analysis[J]. Journal of Tongji University (Natural Science),
2018, 46(12): 1696-1704.



