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A locally-resonant phononic crystal for low-frequency vibration control

of vehicles
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Abstract Low-frequency vibration control is an important indicator to evaluate the comfort of the vehicles.
In this paper, based on the localized resonant mechanism, a quasi-two-dimensional phononic plate has been
designed to suppress the propagation of the low-frequency vibration in a vehicle. The system is composed
of single-sided composite cylindrical resonance units which are periodically arranged on the substrate. The
bandgap of the structure is obtained with finite element method and the formation mechanism is clarified by
analyzing the vibration modes and transmission spectra. It is shown that, the coupling of different vibration
modes of the plate and localized resonant modes of the cylindrical units forms the in-plane bandgap and out-
of-plane bandgap, and superposition of the two bandgaps forms a complete bandgap. Moreover, by tuning
the parameters of materials or dimensions, the system can achieve bandgaps in frequency ranges which are
required in realistic application, i.e., in frequencies lower than 100 Hz. Moreover, the designed structure can
suppress the vibration of bending waves in z-direction in wider frequency range, which supplies more application
opportunities to control vibration in vehicle-body panels.
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Table 1 Material parameter

MR EE/(kgm—3)  BRER/MPa AR

i 7850 200000 0.33
33 1300 0.1175 0.47
GG 2700 68500 0.34
e 11400 16400 0.44
) 17800 360000 0.27
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Fig. 1 The structure of phononic crystal plate
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Fig. 2 Schematic view of the structure used in cal-

culating the transmission spectra of the PC plate
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Fig. 3 The band structures and transmission spectra of the PC plate
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Fig. 5 Schematic of the mass-spring system
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Fig. 6 The effects of the structural parameters on the low-frequency band gap
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Fig. 7 The effects of the material parameters on the low-frequency band gap
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