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RESEARCH ON VIBRATION SUPPRESSION AND
ENERGY ACQUISITION SYSTEM BASED ON ACOUSTIC
BLACK HOLE

ABSTRACT

Vibration can be seen everywhere in actual production and life,
especially in the running mechanical equipment. Many mechanical
equipment contains structures similar to beams and rods, which will
produce different degrees of vibration during the operation of the
equipment. The vibration generated by structures such as airplane wings,
train beams, tracks, and solar panels of aircrafts in the process of
equipment operation or use is usually harmful, which seriously affects the
reliability and stability of various mechanical equipment and
sophisticated precision instruments. Therefore, taking appropriate
vibration reduction measures is an important means to improve the
operation reliability of mechanical equipment. In recent years, due to its
special gradient structure, the Acoustic Black Hole(ABH) makes the

vibration wave gradually weaken and finally be absorbed after entering
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the acoustic black hole, and this wave-absorbing characteristic has
attracted extensive scholars' attention. Many studies have proved that the
structure has an important application prospect in vibration reduction and
energy acquisition.

In this thesis, based on the characteristics of acoustic black hole
structure, a conical ABH beam is designed, and through theoretical
modeling, numerical simulation and experimental validation, the
vibration suppression ability and vibration energy harvesting performance
of this structure are investigated and analyzed, aiming to achieve more
effective vibration suppression and more efficient vibration energy
harvesting with a wider operating frequency band by the designed conical
ABH beam.

Firstly, based on Euler-Bernoulli beam theory and transfer matrix
method, the cone-shaped ABH beam is equivalently decomposed into
several segments of uniform beams, and the modal function relationship
between adjacent segments of uniform beams is established through the
continuity conditions between each segment. Finally, the modal
characteristic equation of the transverse vibration of the cone-shaped
ABH beam is given through the chain rule in the transfer matrix.

Secondly, based on the finite element software COMSOL, the
numerical simulation analysis of the proposed cone-shaped ABH beam is

carried out. By comparing and analyzing the vibration reduction
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performance of three types of cone-shaped ABH periodic beams, the
structural parameters of the cone-shaped ABH beam are optimized. Then,
through the numerical simulation of solid-piezoelectric coupling, the
energy acquisition performance of conical ABH is analyzed, mainly
including the output voltage in frequency domain, and its output power
and voltage are observed in impedance matching at the first natural
frequency.

Finally, according to the structural parameters of the ABH beam, the
appropriate clamping device and experimental device are designed, and
the corresponding vibration suppression performance test platform and
vibration energy acquisition test platform are built. The experimental
results show that the vibration suppression performance of cone-shaped
ABH beam is significantly better than that of uniform beam and
traditional ABH beam, among which the cone-shaped three-period beam
is the best, and the amplitude of test points is less than 0.02mm in the
frequency band of 0-3kHz. In the frequency domain output voltage test of
vibration energy acquisition experiment, the maximum peak voltages of
three kinds of conical ABH periodic beams are 386.85V, 886.16V and
1133.6V respectively. In the impedance matching experiment, the optimal
impedance matching values of three kinds of conical ABH periodic beam
piezoelectric energy harvesters are 45kQ, 20k and 15kQ respectively,

and the output power is 467.47mW, 731.76mW and 232.16mW
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respectively. The above experimental results show that compared with the

uniform beam and the traditional ABH beam, the designed cone-shaped

ABH beam has higher vibration suppression and energy acquisition

efficiency, which can not only effectively reduce the vibration of the main

vibration system, but also convert the vibration energy into electric

energy, and at the same time, the effective working frequency band is
wider, which makes it easier to stimulate multi-modal response.

Zhang Zihao(Mechanial Engineering)

Supervised by Prof.Wang Hai

KEY WORDS: Acoustic Black Hole, vibration suppression, vibration

energy acquisition, impedance matching, output power
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(ED),,

Yo BN R, 5 BUYSREE i+ BOYSIRAIEEA xi A
B, BB IR SN, BRI
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QNZTN—I'”T;‘“.T;QIZTQI (2'15)
THFERE TR A IR p FIREL CARFEK T 1 RIS EE N B
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Nz 5641, 256 0(8)n 15 :
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-1 RN (2-20) 113
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HAERQ-22)FAZTME, WAERE M 9475208 0, BN R AL B0 5t
AT N RIRFE T RS

11 Ml3

det(M) = u
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23

16



R RER 2 2 18 3

Y214y v ABHERZ: 0 T 0 ABHE 1 BAIEES
1 2 4, i L kR N
4 v ] | X
o0 |ooo: ooo: oool eoe ———>
|
. -4
Xi l : | T
) " R
Kl 2-6 HETEZ P2 R 2 y Bhin) 2550 70 By
WO 25 1 BRI ST AE 2 By 1n) b AR BB B B AT SRR 9
V:(x) = Ai Sin[%‘ (x X )] + B;‘ COS[%‘ (x X )] + Cz Sinh[%‘ (x X )] + (2 24)

D.cosh[y,(x—x_)] (x_ <x<x;i=1,2N)
D) 5 BE P A () PR 2 AT 7oA«
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[FIAE LS 6, BRI
Wea(x)=W(x;)

Wm(xi) = Wi(xl-)

. . (2-26)
(ED) ) W i1(5) =(ED) , W 1(x,)
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TR 1 B ST A2 AT 4 AL IS 2 4 R B i i
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58 § B AT AT AL R A
0.,=T0, (2-28)
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UL SURES
B,=D =0 (2-31)
AD, =0 (2-32)
Fa@2-28)fRN@-32)h, [MEA 5.
ATQ, = MO,=0 (2-33)
A
M =AT (2-34)

R (2-31)HN(2-33) 1175

-~ M, M,|| 4
MO, :[ _n Jﬂ‘ﬂ: 0 (2-35)
M21 M23 Cl

B (2-35) HAELME, TUATHISRAAA N 0, BLISHETE 75 2 IR 1
BT (0 = A B IR AR T -
A:lll MB

M, M,

EBR O I TR BL-H D5 AR B S 5 AR RE PR, 0h AR A R R 7] iR 2 [
AR LA AR B BN RFAE J REREAT R TiEHE T . il (2-36) mln, AR
LRI NIRFOE T R A th AR S8 1B AAL R R D E (R I A8 AT 2B (IR AR AR T 2 11
ZEREA IR, BB NFERE M AT 5 AL TS RE AR AL AR AR, Tox A
FE IAZA I 75 27 BRI, 2R K S B e B DA K 2 BRI X3 ) AR A
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