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Abstract

To improve the low frequency sound absorption performance of traditional sound-absorbing
materials, methods of setting back cavity or increasing the thickness of materials are usually
adopted. However, these methods limit the application of sound-absorbing materials in space-
constrained environments. In recent years, acoustic metamaterials are commonly used to reduce
low frequency noise. These new materials require higher processing technology or materials, so
most of them are still in the experimental research stage. Another new sound absorption material
is a composite material and it shows good sound absorption performance. However, it still needs
sound-absorbing material or structure at low frequency region. Therefore, the development of
low frequency sound absorption materials or structures becomes one of the main goals in the
field of noise control. The mechanical impedance structure is a resonant absorption structure,
which is easy to produce high sound absorption coefficient. This thesis studies the sound
absorption performance of mechanical impedance structure. The main research contents include
the following aspects:

(1) Reducing the peak frequency of the sound absorption of the structure. The peak
frequency of sound absorption is directly proportional to the elastic coefficient of viscoelastic
material and inversely proportional to the mass of mechanical impedance plate. The frequency
reduction is mostly fulfilled by adjusting the elastic coefficient and the mass plays a
supplementary role. The experimental results show that the frequency reduction performance is
better by using rubber hose material with lower elastic coefficient than that by increasing the
mass of the mechanical impedance plate. And the peak sound absorption frequency deceases
from 710 Hz to 335 Hz, realizing the low-frequency sound absorption of the structure.

(2) Widening the low-frequency sound absorption bandwidth of the structure. Firstly, the
acoustical quality factor of the structure is analyzed. In this process, it is discovered that damping
coefficient displays proportional change while the elasticity coefficient of materials is changed,
and this relationship is the main reason for the narrow sound absorption bandwidth of the
mechanical impedance structure in low frequency. Then, theoretical analysis indicates that

choosing viscoelastic materials with a small ratio of elastic coefficient to damping coefficient is
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beneficial to the structure to obtain a wider sound absorption band at low frequency. Finally,
based on the current common rubber hose materials, the experimental verification shows that the
mechanical impedance structure that uses a latex tube with a small ratio of elastic coefficients to
damping coefficient, has better sound absorption performance at low frequency.

(3) Optimizing the area and shape of mechanical impedance plate. Firstly, the acoustic
parameters of the structure are analyzed. The peak value of sound absorption coefficient
increases first and then decreases with the increase of mechanical impedance plate area. The
sound absorption bandwidth decreases with the increase of plate area. Secondly, the sound
absorption bandwidth of the structure is proportional to the plate area when the structure absorbs
sound at a fixed frequency. In other words, the larger the area of the mechanical impedance plate,
the wider the sound absorption bandwidth of the structure. However, the larger the area of the
mechanical impedance plate, the smaller sound absorption coefficient of the structure. Therefore,
it is suggested that 0.8 should be taken as the lowest critical value of sound absorption
coefficient of mechanical impedance structure. The aluminum circular structure with rubber hose
material has the best low-frequency sound absorption performance when its diameter is 200 mm.
Finally, the influence of square structure on sound absorption performance is discussed. The
sound absorption performance of square structure is better than circular structure when the side
length of square structure is the same as the diameter of the circular structure. Low-frequency
sound absorption performance of square structure using rubber hose and aluminum plate is the
best when the square length is 420 mm.

Key words: mechanical impedance, viscoelastic material, low frequency, bandwidth, damping

coefficient, sound absorption coefficient
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Fig. 2.1 Diagram of mechanical impedance sound absorption structure
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Fig. 2.2 Single-freedom vibration system
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Fig. 2.3 Changes of sound absorption coefficient with relative acoustic resistance
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Fig. 2.4 The vibration process of mechanical impedance structure
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Fig. 2.5 Diagram of the cavity in the structure equivalent to an air spring
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600 Hz; A {1 s R 2 F /R 5 TS VR 2N 100 mm IR S B2k, WS I % I B 43
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Fig. 2.6 Absorption coefficient of mechanical impedance structure with different back cavity depths
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Fig. 2.7 Absorption coefficient of mechanical impedance structure with small back cavity
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Fig. 2.8 Frequency spectrum curve of impulse response
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(b) W& 3 F 18 A
B 2.9 MR XM E % B

Fig. 2.9 Equipment of the damping test

k2.1 KBS LA A RS

Tab. 2.1 Test instrument name and model

e LRSS BiazH
KA uTekL 2009 RFEAIZ: 128 kHz.
LR A ZA210803 AL 10 Hz ~ 1000 Hz; s Kl Az fe: +1 mm.
HLR LS 5 I B AS UT4508 FrH H R £5 VP.
155 REA UT3408FRS-ICP EIONFEEVEHE: £10V; REFRE: 0.1%.

326 HY FRL T A A 1 T B R DR AE D 1 e A AR B S R N R AR, DU R
PRI BT, —BAE 20 g ~ 40 g Z 0], FEAURPH HUMR | 22 38 A% RS 2 X S5 4 f i s
PEBE 27 AR RO W BRI .

2.3 MERHAAWNEIFERR 5%

MR 2.2 5 BUARDR P B A A PR, RENE RIS M RO ER IR N R 2e,  SKPs
) 3L A3 R P A 6 D0 8 ) 5 s R I S A R 7S A Bt 2 WP AR B SE B I R T AT
PR, Rl R R R P A R TN SR R ars AN AR R RN &
SRR TR ELN SRS R E ol YRR S S BRI A AR L TR IR A i 7
oL, A AR A IR EBE, IR EOLE 60 dB I 18] T SRS b
RIS R EL are BEIIE, R ar AR ERBOCHISFE b, IS B E 1R i = A I &
A1 8 ) = 35 PR U e A e o) e R A VA A 0 S B PR AR R 0 A A B R ROV R G O
beide, WA VA F VR i ) T BN SRS B o FOIRTCL, RSO R I R R A
FRIE BSOS RE o, AR SN RAS, 08 P B i EE ik U B LA FE HT 45 4
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Fig. 2.10 The layout of sound absorption coefficient measurement
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Fig. 2.11 Diagram of sound wave propagation in the pipeline
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Fig. 2.12 The standing wave in the pipeline
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WP 2R o F2 W S5 MO RE R 5 RE Ea 5 NS FE AE Ei LR, BP:
E, E-E 45
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-pmax AL
S, = I;max I — R -10 L:,:m =102 (2.43)
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Fig. 2.13 Standing wave tube measuring system
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Tab. 2.2 Equipment composition and model of standing wave tube measurement system

L4 FK RS o RS
FEE BSWA-SW002 K1 m; E42:0.1m.
e 7 2% MPA206 AR N2 20 Hz ~ 20 kHz.
Ik o SWA-100 FTER: 100 W.
RUBIEE 5 73 Bl MC104 AR N2 5 Hz ~ 200 kHz.
IR A VS302USB KAEHIR: 48 kHz.

FIRT RGO G HEIE S KA TR LA S5 s R B0 &R
PSR AEE A5 5O . AR i B B UE 2 IR 5, 55 5 R A 4%
R AL R B D RO S, DA TBOR B 370 75 45 1A FE I8 A R PR i 8 N A I
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5 AT DLGE I D R TEOR AR PR, AR I A AT T R R R, Rl AR e AR R AN
A2,

MET ARGt E S WD EMERE H . 1L EEIRE 5/,
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A, Lw AIEBRE K.

RIS AR & = 100 mm, K Ly = 1 m, TH50A] 752008 B0 5 ol ) e
£ 171.5 Hz ~ 2010 Hz 2 [a], {HSZRnA 0l Eyu B fE 200 Hz ~ 1900 Hz Y, X2 kT
200 Hz. &1 1900 Hz ()2 Yl & 45 R i — BohE L = .

T RS E R G S R EHF W i, TR R b
FRRTRe. MR LA 1T 7 ZHNER &S S IREER, 4E SiREEZ AT 0.2 dB,
PARIER A KT 0.5%, AT IR L, BRI T .

(1) FTF R A v B RINIESZ A5 5 ISR, S Th e RO AR 45 0 B I 75 5

() Bl /NElL R E T RE, REEERR NN, Lk il E; Bl
N LR SR, 10 SFAR AR R ) i RAE AR /IME . T R, WA Id R
NEKAE, WFHRARSERE/ME: R, SR KE.

() el ERICHRE, IR RS, WE T AR R .
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Fig. 3.1 Typical absorption coefficient of mechanical impedance structurel®

PUMBABLEE M LRI, AHXS AP x = 0, 15 IS5 I s DA AT R 15 2 00h -

1 [K
fo="o\— 3.1
iy (3.1)

24



AN e A7

F X (3.1) P ,  ATUBHRBE BT 45 1 W 75 B AR 5 i itk RSB B, I M = 30 g, K
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Fig. 3.2 Absorption coefficient of changing the elastic coefficient
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Fig. 3.3 Absorption coefficient of regulating plate mass
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R EE SRR

A B FHATUB B 70 445 1) W 7P W A 3 5 i 1 R BRI SR s B ok &, BRR
BB BT T T AR 7 SR R S R . AN SE RN B RECH 1.9%10° N/m, K
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Fig. 3.4 Diagram of low frequency absorption of mechanical impedance structure
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e, Wil 3.5 Ao, HUMEBHPTAR B = [E 2 v 400 g, A RE SRR3R R EUN
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Fig. 3.5 Absorption coefficient of mechanical impedance structure at 25 Hz
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FRUEEAIR, (EE S AT VA R B S PR 1 DL
3.2 WA EME LT EEDH

E U BH AT 25 A ZEAR AR IR 75 . DAHUBHBTAR K B & M = 30 g, RS PE Ak
PERHK = 3.8x10° N/m Jgfiil, &l 3.6 H¥SELRfiin, St S IEE % 560 Hz:
TRIFA R B RBAAE, IR PR ES] 60 g, MRS IE(EATR FI#E] 395 Hz; fREFHL
PRPHBTAR R A, JB/NA RIS RAE] 1.910° N/m, 2514 R P W AT 2R [ B R
fig )3 /N2 395 Hz.
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Fig. 3.6 Absorption coefficient with increasing mass or decreasing elastic coefficient

ANV 2 1AL AR PR i s S R A A A £ 3 P8 2 50 i S D 45 ) 2 A [R] A%
TR, ERAETTREA A, PRIEIFA R K. BIRC 260 Hz (M Jyfil,
AFPEAM B K = 1.5x10° N/m, TR A 5T 88 2415 X 56 g, B 1&] 3.7 s, U &5 K TR
FRUEEAARAE 260 Hz. I AOPDRIE RECEA R 52 1K, 962 5 #i ik R B AR
HEE], XA BN S B A AR, AR T A S BN AET . BT R R
R, AEWT SO U EH 25 A (TR 7S PEREIT . N 5 S K3 B0 5 3t 28 5 SRIBURY) 58 1k R ik
SERGSRPEATRE, SR 5 PR L U B LB BE DURR ) o e SE IS R AR s IR R o ER
FIE AR R SR R BON 140° N/m, 3l BEARH USSR R 5 21 37 g, BT AT SRIL4h
FILE 260 Hz WS o AUBRBHITUNR 5 w5 BAE — S Ve B P& 2R, RO S M 7E [ e 40
RIS, HUBPH TR A BB, AR 7S BUA O, Z5 R 75 28 00 2 DBl
2 EAE U BE DTS5 M AE AR S, il S 22 DURS 3 PE A R e RBOR o8, DUIREE
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— K=150,000 N/m; M=56 g
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Fig. 3.7 Absorption coefficient of mechanical impedance structures at 260 Hz

Gk LT L, WML 45 0 R 75 (AT 5 R e 0 4 2R MO L BEL AR (1)
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WU BEL 5025 K 3 P E RSV A SR, 25 P B X 00 10 PR 1 22 fe
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Fig. 3.8 Mechanical impedance structure of dense viscoelastic material
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RN AR AT T A v, R A M BE R R BRI . B iR
M I SHORB MBS RS R EHIERE b, XS MEHAT T iR e, RS
IR0 R A5 0T L 45 A I B RS R O 2 AR s R 2k, S i AR
W 7S PERE o AU BEL T 5 440 8 FH 2 S PR A AR B ik oo )32 Y 2 ] 3.9 o, P T 3Ry
% Ab = 87 Hz, [EAHE fu = 710 Hz. WRH#0(2.33). (3.1)73 2% SevE AR E R4
R =10.7 N-s/m, 3Pk R% K = 3.8x10° N/m, Z5#)R9HE 5 s2hril s R ¥ 2k, i 3.10
s, BRARVR 7S 22 450l 42 5 B & 1 S PR W 7S R At 2 Al s R IEITT A, A
1E 710 Hz MR RE 6 SEILBLIT I S O, RS R B0LF) 0.78.
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Fig. 3.9 The impulse response curve of dense materials structure
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Fig. 3.10 Absorption coefficient of dense materials structure
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I FEAUBR B FURR VR s e, SGANAR BT, B AR 5 A PR P WA AT o MR R
=H 19.2 g HINF 40 g, BERHEERIR R LI 6%, SIS IS AR N 710 Hz [&
fIRF] 490 Hz; AkZEHGINBR AT E 2] 80 g, MRS IEAE A [AIR 3] 350 Hz, W™ £ 8 ih 4t
B 3.1 Fivse AT, EINDT 5 R 8 A 5 ) 1 IR P e B AT, (L2 5 4 ) MR AR 75 1 i
e TR ik, ASOAE R R A 4 B SRR G KR RORE AR, PR A A
PR 7 WA AR

WR P R

FiZ/Hz
B 3.11 B HRIR & AR L5 AR B9 R B B I FE

Fig. 3.11 Absorption frequency of the structure with reduced plate mass

RG] 3.12 Fros M B e e RS e A R, IR R I AME Y 4 mmy N
72 mm. BEEMEREIEERE M =19.2 9. BN 106 mm ) R _EiE47 2 oh &
Fee, An B 3.13 f ke Bl 2R TR, A FH RS (OB S S5 44 ) - T 26785 B Ab = 46
Hz, [FEHHRNIE f, = 335 Hz, FCANFEJE REFNSME REI TR AR R =
5.5 N-s/m, K =85x10*N/m.

B 3.12 1% BB A9 MUAR FELAL 22 49

Fig 3.12 Mechanical impedance structure of rubber hose
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Fig. 3.13 The impulse response curve of rubber hose material

FF B R0 2SI P DR I P R R R, R R I 5 A P R A L 2 S M ARG
T W 7 2 A WA AR AT 3R 5 3 ik R B I L AR Ak, DR el PR P e A L BEL F7 65 14 B 1% s
IR ASARAT R MR FS o ST FH I 08 B U B 5 0 ) S B IR s R BBl 42, K BHJE &8 R A
AE K AR (2.10). R 13) I FH LIRS 25, WK 3.14 Fiow, M HRE
MORES 1 25 ST RUA B, UARBELT25 04 1 W P I (i A%, AN 710 Hz P41 3 335 Hz.
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Fig. 3.14 Absorption coefficient of dense material and rubber hose structure
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B B G AT R R BCR . IR, 7R AR AT IR T, & 24 B AL
TR R A, 34 e % S DU B T 45 4 SEARIAR IR A o AR, S5 TS e 1
W 7 U AT B AR FARAIR, (ELRE R 7 A0S B P AR 7, 3 P B R0 11 2 8 D IR K A 58 DY ZE 4R
(A

3AXEING

ot T HUBRER A5 MR P W (R AR B LM I 2R, e BT R, (1) S5 A AR = (B R
F R A S (10 3 1 28 BRI LA L AR ) R Bk e, 1 T LA BEL S0 A 14 o B i il /e 5
PERDRL 551 28 B 06 PRAR S A4 IR P VAR AR o (2) Fi5 Hh B LA BEL 70 4 g TR s DA A
T, FRCIRNRSREAT R e ROy T, BOINHUBEH TR s B ov 5. (3) LA
SEVERDRE LB TS ¥ S e, 73 ) 38 AU BELSTAR 1R Jo A B 0 B A /N 3 R 3
IBE M RL, BB B DT4E F A PR DL R B BRI 00, SR IR 45 KRR W], 254
e BA BRI R B RE FORE, B o ARSI A B (RN ROR
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EME AT WA RGN EE TR
5 B A =B A AN S A T W UBBEL BT S5 R IR S R BRI R I AR, H R
CEE 48 SR 54 (R PR 7 28 B P W AR DR SR AR AN TR 23 1K), DR DR SR 0 (R R 7 Ve AL A
RIEPE R, WORWE RAURAK, SRS RS, (H AR A 98 AR/, RIHL
A BEL BT 445 40 PRI R 7S AT Y FBLAR A, SR AS AN RE T A2 SE P /s B o A TR RIS AL B A7 45 4
FRINR P 0T 96 J5E 0 M R M 45 R MR P Y 5 P58 PR S B0 DA X S BBl ) SRR OR &R R 4
FE TR PR AT 8 AR A BT A A JELERL O 9 B 45 R PR AR P ity 9 P 2 fit PR i

163 B M RIUBR TS5 F) = A BRG S A RS U FC 45 18
4.1 PRGN A 3 B IR IR v E
HUBBH LA (RIS P 22 K o T 5 T T A 3

al’
a=—"— (4.)

2
1+(Xj
1+r
IR, FXEDIE x =0, BRFIEHELRN:
Oy =al7a (42)

B o, KRR T PR x MR NS,

x = &M (ﬂ—&] (4.3)

_Spc o, o

1l

a= r (4.4)

i

Q= (4.5)

F(45) RN (4415
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a= L (4.6)

N R o= a2 N, A

4.7

BEIE TS ERRAR 0, EXAITIIES, AR H:

1+(ij +i} @, (4.8)
20 20Q

XTI N IRAIE 0, , NA)ATTEAS, TR

w, =

o, = 1+(25) NN P 4.9)
2Q) 2Q
75 LI BE BT 45 44 10 75 Ay e B2 AF Ay
=4t (4.10)
2n Q '

B RN, ATURRE ST 28 A £ [ i AR R A I, R P s o B E NS 4 Q i, Q
(ERCR,  UR B AR  Jz, Q AN, IR AT GE . Q [ELFR MU B4 ¥4 i 7
PR T, E S HUMR S B R R TR TR R A T, RIS R, Gl AR
R B AR 11 2 SR E 5 A PR B P TS 0 P56 % 2 K ) 75 72 ik S A

4.2 WA M SRR ERE I E 2

=, HUMBE DTSSR ORGSR R R RS BE % SE LR S, (H
GE A AR .t (4.10) AT AL, SEAA BT RS AT 98 S T RS AR R R b, 5
TR o SRR T R WA P A IR, (LS 2 o DR 7 B B A, D IR I s 9

98 Af I ZE 5 -

Spc+R
2nM

MI(A.11) AT 45, SEAE) VR FS s 96 58 S5 R s PR AL R BEL e AR Bl e, Sl R 80E
Ko FUBPHPTES M IS 58 SRR b, 2 08 1 3t RBORIBE JE R4, T &5

Af = (4.11)
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FEJ W 417 8 28 7 I R IR A2 FELJE AR B0/ o 25 SE A I L JE R 8 s s A AR R,

B 4.1 B, HUBRBHATTES A (IR s 3507 9 AL
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Fig. 4.1 Rubber hose and dense material with the same damping coefficient
LR E SIS A, (OGNS IHE RE R, S50 B9 ST o FE B B3N
ARG . B 4.2 WoR T SRS R0 5 N-s/imy 10 N-s/m Al 15 N-s/m B (IR 75 &
Bz, BTN, FEESIEE REUNAR K, WA S G
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Fig 4.2 Absorption coefficient with varying damping coefficient

AU BHL 70 25 4 A2 AR A 75 75 B8 HAT AR SR R B AR s A ), I W P e 6 5

MR RECH %, Bt KIR {ERE A RPN TE s I EEZ 24 ARMEH KR
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ZERRREBVEAD R — BN, SORBE B REBCE AN @S, —DMRIFEGER, WE 43 B

AR IFIRIG I — R AL IR B A RIS ) F e, AR AL RS AR TR,
PRB I EEAR TR -

F =Ky, +K,l, = (K, +K;)l, (4.12)

F=Rv, +Ryv, =(R +R,)v, (4.13)

FEBRHRE AR BRI R, UFIAT B 5 R 25 R 8 Kp = 2Ky, BHERELRp =

RS e

B 4.3 55 MM BB B R

Fig. 4.3 Diagram of parallel arrangement of viscoelastic materials

AR S L SR AR R RLELE , WnlE] 4.4 Fros . SR RS S AL R
SRR 7 F AR, AUSREHAOR B 8% |s o b 7 Rt AR R8 2 A

FF
IS=I1+I2:?+K— (4.14)
1 2

B 4.4 552 PR & BT B R

Fig. 4.4 Diagram of viscoelastic material layout in series

LERIR NI L v 72 B R SR AERRL IR B T8 L v, A Rl IR BN v, Z AT,

W:w+wzﬁ+ﬁg (4.15)
U PR A A R ) £ R SR A AR AR T IR A
_E: K1K2
K, = KK, (4.16)
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ENEES ¢

F R
&:—:iLL (4.17)
v, R+R,

H IDRASE FH (R Kb B e AL RR R], U0 BORG S5 ME A LI 25 R M R K = Ku/2, BB &R
# Rs=R1/2.

1 B MRl A, SR FH RIBORT B 7 SUBUB S5 MK B e R A, 9k R ECK R L 77 A=
AL, EIGERIN KIR g E . DURGBRMEADRE B AT B, S0 1IE 45 K 1 5tk 2 2R BH 8
AM MR R MR RS . BB =R 05 SR REEAT 2 Th R A 5 R
B, AN FH IR DR J5t DR 2 5 2 o 5 W S AR O & PR R R B ) s BURBE BuAR (1 BLAR A
106 mm. JiiE 19.2g, 50 Kt E LR IEE 4.1,

& 41 B R B E KA ¥ ) F A 5K e

Tab. 4.1 Test of half-power bandwidth for dense viscoelastic materials in series

R IR =3 HPE 2% K (N/m) FHJE R R (N-s/m) K/R (s1)
LIS 380,000 10.7 35,514
MZE 223,000 6.4 35,396
=2 134,000 3.9 34,470

M 41 ATLAEH, S S RHEA R BRI RRCT, 5k R BRI JE R B A R L 51
AL, BURGHERPEARLE E S, MOEH KIR —&. B, MRS REAE — A
WHIE, ERIBERR A R AN BB . HRIREE MRS R Bl 2 an 8] 4.5 F .

! o]
it —o—
|5_2| ;S‘ - =
0.8 F . e = 2
: *
]

W /Hz
B 4.5 % 3% F AR M A MR B R K

Fig. 4.5 Absorption coefficient of dense viscoelastic materials in series
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B 5 I BRGNS R R VB P U R AR A, WS AR BB, VRS A O R
HTREAR. B, K5 R A 2R 2 W A 0ty 98 R A8 78 i) L B I PR vl 24k
SEAOREHEARL, RESPER R K 55 R MISR AR, BUE S ML s IR s BTy 98 KT
A

TRESKPRTR, HUMBH PSS ¥ 2 B R e R IR 7, I A 05 JE 45 # He e S 3 AR
o Behn,  E R S A B8 B S AU P DU (1 o B Rl S LG &R, (H 2 B BB BT AR
oo, LSRR RL R S E AR AL RN A2 4k, A BE ORI WL B U5 44 75 R e IR IR
X RA VR P BT T B 7 A R M F) A 5 2R BB B AR B B B A SRAE 2 AT LB 37T
PRI R, AN REFR I R B ARAG, Ty Se DA M8 [ e AR R, DA L5 A A
RFE AR A I DL LL IR 2 e XK M o R =ANS L A I R LA K 45 F i s
PERERIRZIIERE— 2Bt K a(4.5) 5 y:

~ K
2n(Spc+R),

(4.18)

H130(4.18) AT 1, BRACRG S EAS R S 28, 38N BHJE SR80 A 180 75 22 i o K]
T WOEAE RIS A T . SR SRVER L eI, MRS R B S e R BUKLE
B2 Ak, ibH e REII— A5, SRvEREB g%, SALIRPR N, HUMEH TR
o et B n, iy a(4.18) Al A, 7S S R DR IR AN RN TS R AT Y O, A A R TR S A
AR . LLEAR 106 mm, JFikE 20 g HIHUBRBESTR, RS MERRL DY S SC R R ALK
BHPTE I G, IS5 R RS 2R O 2 1A 4.6 Fror .

1
W SNERRL B 25 1
=== N Je Mgt
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Fig. 4.6 Absorption coefficient of different structural parameters at fixed frequency
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K 46 o, BNSHEIEE RER 2 15 N-s/m, #dE RECK A LL1 B0 5.33<10°
N/m, g CREEGE A W 75 WA AR AR, HUBRSEL AR 1 R B V4 28 g, 1715 J5 45 4 (L
PR B8 AR A, DRl LA R A R A B R R LA PR AR A O R A S e 45 A R
T R K

MRS RECS HJB RECA R, DARE RE AR, R E AR 106
mm. JREJ 19.2 g 1, [EE &IPS R 5.5 N-sim AAE, SURZMIITEE RS, H
W RBCZR A 4.7 R, b R 8.510% N/m PR E] 4.25%10* N/m, I H5HLAR R
PUB o &, S5 MG AE R — S W 75, R 7S Ay B BE S s R mi ot RAE] 1.740°
N/m, [ERER BRI, WS AR A

1
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Fig. 4.7 Absorption coefficient with fixed damping coefficient

P 4.7 AT, ME5RIBE B R R ok RECR R LB AT, HUBRBE T 45 4 TE R
SE IR IR W P A B P S I R BRI G R, IR 45 4 B AL A A T 11 W AR
AT RE R BN RER A BRI R . 2 BH 8 R B S R AR, (HA
F LI, W 4.8 LN, SR HE REPEAC— 2, (AFHJE REUNEAL 1
N-s/m, Z5H6 (R R Sty 56 B s 5 BH e RECARRAIC, FHJE REUE M 1 N-s/m, i 4.8
R SR BTN, AL (R P AR i

Zi BRI, ANURBE BTSSR 1 BB ATRL R s R AR E] 4.25<10% N/m I, BHJE
FREFL LY [F H I PR H] 2.25 N-s/m, R a2 1 B8 R 8P 3 4.5 N-s/m, FH
JE R HE HAE R B B LUBIAR AL, IR AU FEL 40 45 4 1 R 78 AT 5 BE RS N o AE SRR ]
A, BESCIUNUBHPTAS RI TE Al R s, R 4y R DA R R (1) RS AR A A
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AEARHE RS, B e REAEL BIMRH KIR (2R (2) (LARBhFEJE R EO I
P T A RE MBS, R RENE ARG SR A AR 58k 2R K FHL e 28 ok Ll 1) 224k
KAWL, I REUN R, BRAREL 5 AR 2L

K=85,000 N/m; R=5.5 N-s/m
N T * K=42,500 N/m; R=4.5 N-s/m
Ty e K=42,500 N/m; R=6.5 N-s/m
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Fig. 4.8 Absorption coefficient with damping coefficient independent of elastic coefficient

4.3 ZFh A B R E X AL PR S 45 A R A T BE RO S

i 4.2 ~ 4.3 /NIRRT, 3 BN LB BT 45 6 CEARATRG P AT 5 P 50 A8 F) 3 2 Ji DR il
SEPEM RN KIR B, MEHEEE KR FMEEEARA . BESILEE ) e s, 5E
RSP RH) KIR FEARA AR, B0 H KR (B 30N AR E ARG SRR o

SF = w5 v A FH R B e LR BEL e 445 0 P 1 %5 S Rl i P A R e A1 445 ) g VR 75 D
B, BE R KIR{EY 15,400 st, ZSEVERGHIEA R KIR (B0 35,514 st, Rtk
A LR BE T 45 ) FROAR AT 7P Rt S A R & 0 o F 90 I A R IR T 1 2R B Ak
%, WMPRE FEARIKRE . EREDSLIURE . WKl 4.9 s, =MRE S R 2
MR 2 mm. AMER 4 mm, AFERER KA RENE 4.2, HA Ak E 1 KR ERAK,
PR b R A P LR (AT 75 PR R AR T SRR i Sk IR
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Fig. 4.9 Three typical rubber hoses
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Tab 4.2 Measurement of typical rubber hoses

SRMEM B4R SRPERECK (N/m) BHJE &% R (N-s/m) K/R (s1)
FRE 85,000 5.5 15,400
RER 130,000 3.9 33,300
MIRE 180,000 9.5 18,900

I BRHE P = FAT RN U EH DTS5 M AT IR RS R B0, T i BN IR (AR AE 335
Hz ik, s SR E RN UBE DT s Sy 84 g, A IR A LRt BEL 70 A it 2 1
N 29.3 g, (EHFLRE FINUBFHSTR S AR FF 19.2 g, WS R B £ &] 4.10 Fro, (6
FUIRE G5 A0 WP ATy B B B B . 45 AR 4.2 I KIRETFE, BAR/N KIREMILRE
TN U BE IS A8 =4 A L AR 5 AR

—— FLB -5
sk - *= RER A
' =0 UK -5

200 250 300 350 400 450 500 550
$iZe/Hz,

B 4.10 AR E R B R R
Fig. 4.10 Absorption coefficient of typical rubber hoses
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FEE R AT RO b e (2) ANV DUAR IR T AR — 2, 5 2 i i A1 (R KNG Rt 3
ORI Z OB DUAR PR B, (EURE 55 A RE ) 5 28 AL BEL 0B 1 Jo 32 SR
PR BTN, HE 2B ATl ORGSR AR 0 5 1 28 B BHL 8 AR B0 TR A7 72 A B il A2 AL
FISCHR, %K AR AL T B UM B TASA AE AR 75 7 98 78 1) £ 2R AL, BIURG3RPERRL KIR
AEL R M 45 ¥4 AR 7 AT 96 P o (3) B2 S BN URK B0 405 F AR B i I P 4 FH L AT 8
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N KIR AE R HEAER R e, ZET H AT b gt R R s v ARl AT SR 56, e
SRR, HUMBHDTAS A KIR R/ AR LS8 AE AR AR B 7 Aoy 96 EE A T 2L e R R
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BHE HEMIR MR SR A sE BRI

FENUM PR ST S AW = PERE I FU s 25 18 3 Bk pe 8 I B 1 5K, UML) T AR
LR PR E AL, E AL SEPR TR F A, VR 254 1) T AR 2 40 I 37 & 7 A2 AR
e, it A ik R FEHUEL DR . W2 — Ve o= AR, SRR R
Ja, FORNIARAZ AL S5 R R RV RE S AR R B R B B AU P BT 45 4 (1R 75 1 g
SARAE K. A7 25 FEHUR B ST I AN 250 S HO 520 35 0 b A e T AR AR Ak
ZERR R PERE ISR s B e 20 M R AR I D5 TR S W R R, DS N P i R i AR R
R

5.1 IR AR VMRS E F SRR WIEEIL 547

WUBR B HAR R AR AR AN, AH SR S5 M S AR I S BN R N I LR B A%, &t
X 1E0, B R EER S BN, P me BRI BH TR R AL TR &, res Ko 4)
T ORGSR B A7 LR SR BOR S R A, T T R IR BT BELT 225 4 1 1 R A
K=nxdxk,, FHERHR=nxdxr,, PAHATRPIEEM =0.251xd*xm,, HH, d N
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Fig. 5.1 Absorption coefficient of mechanical impedance structures with different areas
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Fig. 5.2 Absorption coefficient of different areas and masses
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Fig. 5.3 Absorption coefficient of structures with different viscoelastic material parameters
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Fig. 5.4 Absorption coefficient of structures with different viscoelastic materials and areas-masses
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Fig. 5.5 Arrangements of mechanical impedance structures in practical application
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Fig. 5.6 Absorption coefficient of mechanical impedance structures with equal perimeter
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Fig. 5.7 Absorption coefficient of mechanical impedance structure with equal area
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Fig. 5.8 Absorption coefficient of the structure with the same side length and diameter
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Fig. 5.9 Relation between acoustic quality factor and plate side length
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Fig. 5.10 Relation between relative acoustic resistance and plate side length

50



AN e A7

PELA K43 54 100 mm. 150mm. 200 mm. 400 mm INURBETEE ), HUMEEFIR
PR JEEE D 0.8 mm HUESHIAR, RSt RENIRE . s KRB 2w 5.11 s, s
WA AR R (R IRABRE B, RS RBUSE I R JE IR0/, B Sy 5 B S LT Bk . 7 WA
S92 1) AR A, 2 R DR AU BELHAR 1) 5 B 5 1K P 7 BB L, B R R S K RRE
b W RBUEME LKA 100 mm ~ 150 mm Z [AERETH N, 253k — 25 8L H TR
ITHAR, S5 RECN R, IS5 M R K7E 150 mm ~ 400 mm JEHKN, H R4
BHTREAR: FHIE 5.9 AN 5.1 WA, AT R TSR S )N, AR RS A R S

1R RN
1
< N
B L0=100mm
i\ =
0s A ' \ _---LO—ISOmm
1 7 v e L =200 mm
i HE ’
06 i A ——— L0:400mm
\
I
S i
04 i
I
1
02F ¢

100 200 300 400 500 600
B /Hz

B 5.11 R34 K 69 E 75 7 45 o8 = & S &
Fig. 5.11 Absorption coefficient of square structures with different side lengths
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Fig. 5.12 Absorption coefficient of square structure with fixed frequency
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Fig. 5.13 Absorption coefficient of the structure with adjustable damping
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