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Fig.1 Combined sound absorption structure
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Fig.2 Geometric model of combined sound-absorbing

structure sample
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Tab.2 Material parameters of JCA model for PU foaming

g, R/(Pa*s*m™?) T L,/um
0.989 3327 1.46 129.1 262.4

L,/pm

R T ORVERS 27 BT A R 3 S 5 () 2B 56 IE
I Ak T84 2 Sl 5 235 4 A T4 o4 100 mm, 3 3 7 (R 32
T N 1 1 o Se 4 ) LA 3k 2 il R, 41 A W s 4G
FAE = 3l J7 1] 96 % 24 30 mm

1.4 WAEMHERBEVIESH

A R Io Ay Bt 515 3 46 W R 250 R AR R
PU IR M BB W 75 22 Ehth 2 an 1 3 v s, A R JT fi
(SE2k) S b (20 Bbne) — 3. WA REh 4
P A 5 A AE 1092 Hz H B 75 06 {1, W 75 R 8
KNI 0.99, 35 576 LW .

W 5 {7 FLAE

tor o IR RGN
PUHLIK— 5 ELAE
08 [} o PUMMK-ARATIE
% 0.6
W
=04
0.2
:..'.-:- O | "' ............... I
50 1000 1500 2000
PF/Hz

3 W S5 5 B PU I IR R I R it £
Fig. 3 Sound absorption coefficient curves of sound

absorption structures and single PU foam material
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(a) The reflection coefficient distribution in the complex frequency
plane when the volume proportion of PU foam material is 40%
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(b) The reflection coefficient distribution in the complex frequency
plane when the volume proportion of PU foam material is 50%
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(c) The reflection coefficient distribution in the complex frequency
plane when the volume proportion of PU foam material is 60%
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(d) The sound absorption coefficient of the sound absorption structure
with different volume ratios of PU foam materials
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(e) The imaginary part of the relative acoustic impedance ratio of the
sound absorption structure with different volume ratios of PU

foam materials
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(f) The real part of the relative acoustic impedance ratio of the sound
absorption structure with different volume ratios of PU foam
materials
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Fig.4 The sound absorption performances of the combined
sound absorption structure with different volume

ratios of PU foam materials

TR Z2 FL AR B & Ll 5 8 A0, 2 R o5 =2 ] ) B
BHE K, W A T R B = Bk WA A 4(d)
7R, 3% AE 920, 1092, 1380 Hz I, 4H 45 25 ¥y 4 31
W s (R, B2 S8 e S o R T BT IR PU TR AN
] R R H R @, 1 7 W CER G2 , 40 Wr T 7 BB 2R il
2 nE 4le) , (DFTR. XFT 58 EM 1 B0, 7 BT
T FE BELATE D i 45 42 , BRIV 7 445 49 1) 2 T BELATL 2, Fnas /<0
() 4 A BH BT Z, B b 1 R Re(Z,/20)=1 VL &



Bal

XUIGE By, 25« B iy v I A0 MR 7 [ MR 25 4 0 T B P B 0 1009

Im(Z,/Z,)=0. WE 4(d) 7 F],PU LK = Fi R [
PRBUL LEATR W 2 B30T 1, (B R K 31 58 R
P IR H TR A O R S T R BELAT DS E R A
TE P A Ce) FELACE) v, 000 B W P I (AT 38 A2k il
Im(Z,/Z)=0MRe(Z,/2,)~ 1, AL B
W R B /N T 1

2 KIwIeE

R T 6 A Y G P A R A B R R RE L
FH B HE AT W 2R RS2 56, O R BROCp
LSS RS IE o T2 50 SR R v I 07 32,
K 5(a), (b) B N BHHTAE s R Bl i 45 . 7
SLE b, R H AR 63.5 mm i B JE BE T A IO
W 5Ce) Fr 7w, W 45 ) 22 26 A B A /9 — di ,

B&K PULSE 3560D

&SRR
(a) FHAUE A RE AR R A
(a) Diagram of sound absorption coefficient test
equipment of impedance tube

(b) PEHTE R A A Bl 5% S I
(b) Picture of impedance tube sound absorption
coefficient testing equipment

(c) B GEAFE P UE P 223 n R
(c) Installation diagram of sound absorption
structure in impedance tube

PS5 BB Il BE A B F 23

Fig. 5 Impedance tube test equipment and sample installation
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Fig. 6 Schematic diagram of sound absorption structure and

PU foam sample of control group
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Fig.7 The sound absorption coefficient curve of sound

absorbing structure and single porous material
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Fig.8 Sound absorption cross-section of the parallel

broadband design
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Fig.9 Sound absorption coefficient curve of the parallel

broadband design
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Fig. 10 Diagram of particle distribution of sound pressure
level and acoustic velocity of the overall parallel

structure at different frequencies
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automobile tire
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(b) The sound absorption cross section of the sound absorbing
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Tab.3 Material parameters of JCA model of felt wheel
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Design and performance analysis of low frequency noise reduction

structure in tire

LIU Xiao-ang"*, JIAO Xiang-he'*, ZHANG Qu’, ZHEN Dong', SHANGGUAN Wen-bin'
(1.School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China; 2.Tianjin Key Laboratory of
Power Transmission and Safety Technology for New Energy Vehicles, Hebei University of Technology, Tianjin 300130, China;
3.Ningbo Tuopu Group Co., L.td., Ningbo 315800, China; 4.School of Mechanical and Automotive Engineering,

South China University of Technology, Guangzhou 510641, China)

Abstract: Aiming at the problem of low frequency (500~2000 Hz) noise absorption in the tire, a combined sound absorption struc-
ture is designed, which is composed of porous material and coiled-up cavity structure. Combined with the sound absorption princi-
ple of porous material and coiled-up cavity, the theoretical analysis model of the combined sound absorption structure is estab-
lished, and the expression of the sound absorption coefficient of the model is deduced. The sound absorption performance of the
combined sound absorption structure in the middle and low frequency range is analyzed by using the finite element method. The re-
sults show that the sound absorption performance of the combined sound absorption structure is good in the frequency range of
500 Hz to 2000 Hz, and the sound absorption peak appears around the frequency of 1092 Hz, which is close to perfect. Compared
with the single porous material, the sound absorption performance of the combined sound absorption structure has been greatly im-
proved. By changing the volume proportion of porous materials in the combined structure, the change rule of sound absorption per-
formance is studied. The sound absorption mechanism of the structure is analyzed by plotting the complex frequency plane distribu-
tion of reflection coefficient and combining with the acoustic impedance matching condition. Then the combined sound absorption
structure is tested in an impedance tube, and the correctness of the theoretical analytical model and the finite element model is veri-
fied. Finally, the combined sound absorption structure is superimposed on the felt wheel cover material, and the sound absorption
performance of the superimposed structure is studied, and the measures to further improve the sound absorption performance are
proposed. The peak sound absorption frequency of the combined sound absorption structure can be adjusted according to the vol-
ume proportion of the porous material, and the overall thickness is small, so it has certain application effect in the low frequency

noise control of tire.

Key words: tire noise ; porous materials ; coiled-up cavity ; composite absorption structure ;absorption coefficient
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