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Tab.2 Material properties of double stiffened plate and

damping layer

X2 T A3 # FH e )2
B E/GPa 71 0.1
e/ kg-m™) 2820 1780
HEL/ " 0.33 0.45
P HF 9 0.002 0.28




506 & 3 T

S

o5 35 %

I A A0 6 TR, P A ) RE 2
JEEJE S 0.03 m (A AL B BT i 8, B T HLB RS Y
I8 285 B S K 48 K, T DA AR PN BE FE S A AT
IR RN . JF AR B — A 4 B AE , T3 2%
I R X2 0 A5 A A s A . B I ik % 5t B LR U
7 B A I
S rhF B ORI R &R S8 (PSV 500) 77 A —
A A3 3 fih & R A 45 (40~3000 Hz) , 2 T il
Kaw (B&K 2706 ) 3K 2l B 1 I 4% (BE-K 4809) Jin &k
HMEERR P A R Bl . AE AL E N (— 92 mm, 80 mm,
O0mm),Z% K 6(a)debr 5, H 54 ) 25 )
1L %A% (B&K 8230) H T REWMINE 5 . 145N
A AL 43 ) BE FL %k B & A1(120 mm, 30 mm,
0mm), A2(100 mm, 70 mm, —60 mm){E N ¥E 3
MHA A . 2% K 6(b) bR & ,is 2 s XU(GRAS)
FECN B A P1(140 mm, 70 mm, 180 mm) ,
P2(—90 mm, —80 mm, 300 mm) W= k. {H15H
PN IO P e ol WU UL R5 W 0l S Bl 11 VA o e
X B AL , X T 1 22 [i] 626 M ik i 250 2R 1 PP Al B A Rk
P[] B AT LA A I A 3 A B T T
LRAL i R U 0 R 4 TS AN HERR . A, Dt
SRR IEAT T I, DL HEBR S50 2 5% AR b A
A SOERE S A ibp Al

(b)
K6 LimFa

Fig. 6 Experimental test set-up

3.2 BERERER

i SR B AT T = B IR — AP RE AR
A 2%, 23 0l b TC B = b A BE A - A% B8 Y 2 S0 AR

(Uniform) . & A BHJE 2 19 ¥ 2] i (Uniform (DL) ) DX
KEAMIEEM ABH A (ABH(DL) ), Ho 5 w4l
S 56 vb (R 04 BELJE A ORE A BT AF L, 7 AR T R Y
9.06 % , it Lk Ry 2.97 Y6, T ELKS U 7 #H X007 8 L —
ES QN 3 D0 WA s R D) ENES S i W A CIDO R I A
DL K T 1 22 2 BHLJe MOk S ABH 9 1R HIJE Y
e 2R RS

WAL, T R C AR G 0 i A BH BT AN A, 25 &
B S A 25 R BT LA TR IR A SR A X e
K4 A 0 B B S X D RAE AT T I —fh b 3,
gE BN T~9 s o

Pl 7 23 i N P1 A P2 A (9 2% 05 7 % . AT LA
B AR B 1 5 A bRk O /b i BHL @ R R G 45 2R
S JLT AT DL 20 e A6 D B iR A (A s L 3
EESH/NT 3B, HHEEB TR0 E

Mk, 2 AR Z R ISR BRI LR
W f %85 B e Al R (I 7 iR ) o AUTE 20 B8R i 05

RSP A I RS DA B A S Y B S TR 9B
S (N & 8 B 7 ), T B SiE v i ey T A N Jk
S W TEK, Br L AR Y A A n /b & BH e A 2338
B R AR
HE— 5% L B A A R BELJE AR ABH Az Fil 8

140

------- Uniform
——— Uniform (DL)
----- ABH (DL)

—

[N

(=]
T

—_

==

S
T

FEEZR / (dB ref 2x10°° Pa)
(=) o]
(=) (=]

40 ;
0 700 1400 2100 2800
SRF | Hz
(a) AMIP1
(a) P1 position
140
------- Uniform
~ 120F Uniform (DL)
v ABH (DL)
T
= 100
N
s
-
80
g
B 60
1
i, 40
0 700 1400 2100 2800
Wi | Hz
(b) Pifuip2
(b) P2 position

7 A L A5
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Noise reduction of a double-layer stiffened plate-cavity system based on

acoustic black hole principle

WANG Xiao-dong, JI Hong-li, QIU Jin-hao
(State Key Laboratory of Mechanics and Control of Mechanical Structures, College of Aerospace Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The double-layer stiffened plate is widely used in modern transportation, The noise and vibration problems caused by
such structures are still problems that people concerned. However, traditional control methods are difficult to meet the develop-
ment needs of modern equipment due to their large additional weight, low reliability and narrow effective frequency band. Acoustic
black hole (ABH) , as a new type of wave manipulation technology, provides new ideas for vibration and noise reduction in the
equipment. In this paper, ABH is applied to a double-layer stiffened plate to develop a structure with good mechanical properties,
especially to reduce vibration and noise. A double layer stiffened plate-cavity system with ABHs is designed, and an experimental
platform is built to test the effect. The results show that the broadband noise of the cavity can be reduced by 1.5~8 dB above cut-
off frequency. A coupled numerical model is established based on finite elements, and the physical mechanism behind noise reduc-
tion is analyzed by quantifying the dynamic characteristics of the system from multiple angles. It can be seen that the ABH effect
has dual characteristics in noise reduction, that is, increasing the damping of the system and reducing the coupling strength between
inner-plate and cavity. Furthermore, the optimized design schemes are provided for the low frequency with poor noise reduction,
widen the effective frequency and realize the control of the full-band. Finally, the universality of the noise reduction under complex

loads is verified and analyzed.
Key words: double-layer stiffened plate; acoustic black hole; cavity noise reduction; coupling analysis; broadband
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