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Design of wrapped phononic crystals with
exponentially-varying thickness and simulation
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Abstract: Aiming at the problem of broadband vibration
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damping of ship equipment and plate structures, this paper o-
vercame the drawbacks of conventional phononic crystals char-
acterized with narrow low-frequency band gaps and low band-
gap coverage, and proposed a lightweight wrapped phononic
crystal structure with exponentially-varying thickness that inte-
grated local resonance and acoustic black hole ( ABH)
effects. The structure embedded hollow lead scatterers in sym-
metric steel plates with exponentially-varying thickness. The
finite element method was adopted to calculate its band struc-
ture and vibration transmission characteristics, and the vibra-
tion reduction performance was analyzed. Results show that
the structure possesses two complete band gaps within 0~ 1400
Hz, with a total bandwidth of 1158.68 Hz ( band-gap coverage
of 82.76% ), and the maximum vibration transmission loss
reaches 125 dB. The bandgap mechanism involve coupling be-
tween hollow scatterer torsion and acoustic black hole (ABH)
structure energy convergence, along with matrix stiffness gra-
dient regulation. Increasing the exponential height h, or scat-
terer height h, can broaden the band gap, whereas increasing
the exponential length [, narrows the band gap width. The vi-
bration attenuation peak of the phononic crystal sandwich plate
model is approximately 180 dB, which is about 20 dB higher
than that of the non-exponential structure. This verifies the re-
markable advantages of the exponentially-varying thickness
design in broadband vibration attenuation. The phononic crys-
tal and its sandwich structure designed in this paper provide a
new idea for broadband vibration control of ships.

Key words: wrapped phononic crystal ; power-exponent thick-
ness ; local resonance mechanism; acoustic black hole effect;

broadband vibration reduction;finite element simulation
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Tab.l Material parameters
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