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Abstract: The traditional acoustic detection technology depends on the difference in physical properties of
formation, and the range and accuracy of information identification are limited. Therefore, acoustic metamaterial
particles with a three-layer structure were designed by using the unique microstructure principle of acoustic
metamaterials based on the mass-spring structure model. The material structure size was optimized, and the optimal
material composition was selected. As a result, the acoustic characteristic model of metamaterial particles was
established to characterize the special acoustic frequency and acoustic strength characteristics of passive acoustic
metamaterial particles. The particle properties of acoustic metamaterials were simulated by finite element numerical
simulation software. The results show that the acoustic metamaterial particles have special acoustic frequency bands,
and the characteristic frequency gradually increases as the particle size decreases. Within the frequency range of the
acoustic band gap, the acoustic wave cannot penetrate the metamaterial particle cluster, and most of them are reflected.
Outside the acoustic band gap, the acoustic wave can penetrate the metamaterial particle cluster. The acoustic
metamaterial particles can strengthen the downhole imaging and show potential for evaluating wellbore integrity and
monitoring fractures.
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Fig.1 Structure of compound acoustic metamaterial
particles
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Table 1 Composition of designed acoustic metamaterial particles

Hi'r BB /mm PERHA K JEE /mm HPEAS /GPa FHEFERE/ (grem™) MEL/N =@ FWERE/ (g-em )

ek 0.2 200.00 8.00 0.3

A 1 BB 0.2 0.01 0.93 0.4 1.5
WEM R 0.1 0.20 1.20 0.4
ek 0.6 200.00 8.00 0.3

B 2 BB 0.3 0.01 0.93 0.4 2.3
RN 0.1 0.20 1.20 0.4
IS 1.0 200.00 8.00 0.3

C 4 BB 0.8 0.01 0.93 0.4 1.9
WEM R 0.2 0.20 1.20 0.4
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Fig.4 Acoustic metamaterial particle units
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Fig.5 Vibration mode of acoustic metamaterial particle units
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Fig.6 x-direction wave vector scanning results of acoustic
metamaterial particles with different particle sizes
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Fig.9 Acoustic pressure level distribution of acoustic metamaterial particles
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