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cally resonant phononic plate:

Schematic diagram of a multi-frequency lo-
(a) Schematic dia-
gram of the phononic plate with several periodic unit
cells; (b) schematic diagram of the attached double-

cantilevered beams.
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cantilevered beam.
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Fig. 3. Simplified model of the proposed multi-frequency

ks

locally resonant phononic plate: (a) Schematic diagram
of the simplified model with several periodic unit cells;
(b) the low-frequency equivalent “mass-spring-mass”

systems of the attached double-cantilevered beams.
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Table 2. Parameters of attached thin beams.

K wE OERE RAEIE OHE R

/mm /mm /mm KE/mm /A4 % /Hz
BH1 127 12 0.9 5.6 2 199.3
22 1045 12 0.9 5.6 2 300.3

#3 KRR NS

Table 3. Parameters of attached thin beams.

KE %E O FEE OBAIE HE AR
/mm  /mm /mm KE/mm /A S /Hz
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Fig. 6. Band structures of different locally resonant
phononic plates: (a) Attached with periodic two type-
1 beams, two type-2 beams and two type-3 beams;
(b) attached with periodic two type-1 beams, two
type-2 beams and two type-4 beams.

2R 2

Fig. 5. Band structures of different locally resonant
phononic plates: (a) Attached with periodic two type-
1 beams; (b) attached with periodic two type-2 beams;
(c) attached with periodic two type-1 beams and two
type-2 beams.
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Fig. 7. Effects of the length of double-cantilevered
beam on the band gaps of locally resonant phononic

plate.
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Abstract

A multi-frequency locally resonant (LR) phononic plate is proposed in this paper. The phononic plate consists
of periodic arrays of multiple double-cantilevered thin beams attached to a thin homogeneous plate. This proposed
phononic plate is simplified and modeled using a plane wave expansion method to enable the calculation of flexural wave
band structures. The band gap behavior of the phononic plate is analyzed comprehensively. In addition, an experimental
specimen is fabricated using a square aluminum plate with a thickness of 0.9 mm and an area of 840 mm x 840 mm, and
attached to the specimens as periodic arrays of two types of double-cantilevered thin beams made of the same material
as the host plate. And the specimen is measured by using a scanning laser Doppler vibrometer to verify the theoretical
predictions of band gaps. Investigations of this paper yield the following findings and conclusions.

1) Due to the interaction of low-frequency vibrational modes of attached multiple double-cantilevered beams and
flexural vibration of the host plate, the proposed multi-frequency LR phononic plate can exhibit multiple low-frequency
flexural wave band gaps (stop bands). It is also found that the band gaps of a multi-frequency LR phononic plate,
especially those appearing in a lower frequency range, are generally narrower than that of a single-frequency LR phononic
plate with the same type of double-cantilevered beams.

2) The frequency location of band gaps moves to higher frequency range when the thickness of the double-cantilevered
beams is increased, or when the length of the double-cantilevered beams is decreased. It is also shown that a very small
variation of the thickness (e.g., 0.1 mm) may lead to significant changes of frequency position of the band gaps.

3) When the width of the double-cantilevered beams is enlarged or the number of the double-cantilevered beams is
increased, the lower band gap edge will move to a lower frequency range, while the upper band gap edge will move to a
higher frequency range. This implies that the bandwidth of the band gaps is broadened. However, at the same time, it
is shown that the central frequencies of the band gaps remain almost unchanged.

4) Experimental measurements of the fabricated specimen evidence the existence of two low frequency band gaps,

and confirm that the flexural plate vibrations are significantly reduced in the predicted band gaps.

Keywords: local resonance, phononic plate, flexural wave band gap, low-frequency vibration reduction
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