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Elastic wave focusing detection based on the inverted acoustic black hole
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Abstract ; Traditional acoustic black hole (ABH) changes the impedance by power law cutting of the material to achieve elastic wave
focusing or control. But, at the same time, the material structure is destroyed, the rigidity of the material is reduced, and its application
is limited in the field of elastic wave detection as a sensibilization structure. In this article, an upside-down adhesive ABH structure is
proposed. In a certain range, its thickness change conforms to the power attenuation law, and it is small and easy to attach to the surface
of the object to be measured without damaging the object. Finite element simulation results show that the inverted ABH has about 7 times
of elastic wave amplification effect near the center of the circle under medium and high frequency excitation. Scanning test with the laser
Doppler vibrometer shows that the inverted ABH has good elastic wave focusing effect and can amplify the elastic wave about 2-4 times.
fiber Bragg grating( FBG) is bonded on the surface of the inverted ABH and the intensity demodulation is utilized to form an elastic wave
sensor with focusing and amplification effect, which has important application value in the domain of nondestructive testing.
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Fig. 1 The inverted ABH model
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Table 1 ABH parameters

S8 JIEA
R/ (kgom™) 1150
PR B/ GPa 200

MEHARALE 0.4
ry/mm 5

ry/mm 10
ry/mm 10.5
h,/mm 0.1
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Fig.5 Propagation of elastic waves on the inverted ABH
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Fig. 6 Displacement signal of baseboard and ABH at 50 kHz
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Fig. 7 ABH displacement signals at different frequencies
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Table 2 Normal displacement of the inverted ABH's bottom

A%/ kHz 10 20 30 50 60 70 80
{8/ m 9.32x1077 3.19%x1077 4.66x1077 9.49x1077 8.13x1077 5.63x1077 4.02x1077 2.64x1077
#i2/kHz 90 100 120 160 180 200
frF%/m 1.74x1077 1.09%1077 7.05x107" 4.62x107" 5.31x107* 4.62x107® 4.06x107®
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Table 3 Normal displacement of the baseboard

i/ kHz, 10 20 30 50 60 70 80
fiFe/m 1.25%107¢ 3.1x1077 1.49%x107 1.19%x107 9.1x107® 6.33x107* 4.6x107" 3.57x107%
412/ kHz 90 100 120 160 180 200
{8/ m 2.77x107% 2.24x107% 1.53x10°% 5.17x107° 7.42x107° 5.17x107° 8.27x107°

R4 FEEUBHKER

Table 4 Normal displacement magnification

SR/ kHz 10 20 30 40 50 60 70

80 90 100 120 140 160 180 200

(e 0.74 1.02 3.12 7.97 8.93 8.8 8.73

7.39  6.31 4.88 4.6l 8.94 7.15 8.93 4.91
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