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Abstract. Phononic crystals (PCs) are multi-layered materials with functional elastic wave
band gaps where propagation of vibration within these band gaps is restricted. PCs have
vibration attenuation properties dependent on their periodic structure and material constituent.
In this study, the band gap and vibration attenuation of a one-dimensional PC subjected to
longitudinal vibration were evaluated experimentally. Two bi-layered specimens composed of
Aluminum and a Silicone Rubber (Elite double 8) were manufactured and tested. The
specimens were subjected to vibration from an electrodynamic shaker to obtain pseudo-transfer
functions.

1. Introduction

Extreme applications in construction drove to a high demand on engineered materials that have
enhanced mechanical proprieties such as high-energy absorbance, vibration control, and acoustic
shielding. Mechanical metamaterials (MMs) incorporating viscoelastic constituents hold a great
promise to solve extreme loadings problems. The impetus for the incorporation of viscoelastic
constituents in MMs mainly stems from their strong energy absorption property, their natural damping
and the possession of a low elastic modulus which allows reaching practical low-frequency band-gaps
(<20 kHz) that human body is highly affected by. Several researchers introduced simple rheological
models (e.g., Kelvin model [1, 2], Zener model [3-5], generalized Maxwell model [6]) in order to
simulate material damping pertinent to the bulk material dissipation of MMs. Many studies
numerically observed that viscoelasticity not only attenuates wave transmission but also modifies the
frequency band-gaps which are substantially displaced and widened [1-6].

Compared to existing and significant numerical research efforts targeting linear viscoelastic MMs,
only a limited number of experimental studies [3, 7-11] have validated the aforementioned numerical
models. The paucity of experimental results is mainly attributed to the complexities related to material
viscosity.

In this paper, we will discuss the experimental results of the electrodynamic shaker test on bi-layered
specimens composed of a metallic component: Aluminum and a viscoelastic component: Silicone
rubber (Elite double 8).

2. Methodology
The polymers have been mixed and cast in the Structural Laboratory at Qatar University, as illustrated
in Figure 1.
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Figure 1. Casting of silicone rubber (Elite double 8) after vigorous mixing.

Cylindrical specimens have been manufactured using cylinders of Aluminum and Elite double 8. Two
specimens have been tested. Specimen “A” had a unit cell of 10 mm of Aluminum and 10 mm of Elite
double 8, while specimen “B” had a unit cell of 5 mm of Aluminum and10 mm of Elite double 8. The
experimental set up for the vibration test is shown in Figure 2. The specimens were placed on a
circular base connected to the force transducer and were attached to an accelerometer at the top.
Consequently, the force transducer and accelerometer supplied the input and the output signals of the
specimen, respectively. These linear perturbation tests were performed by applying chirp sine sweep
signal to the specimen up from 1 Hz to 20 kHz. The pseudo-transfer functions were determined from
the fast Fourier transform (FFT) ratio of acceleration and force signal as below:
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where Ao (0)| and [Fi, ()| represent the frequency spectrum of acceleration and force signals,
respectively.

Figure 2. Vibration shaker experiment set-up for pseudo-transfer function test (From top:
Accelerometer, Specimen, Force transducer, Shaker).
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3. Results and discussion
The input and output signals for specimen “A” measured by the force transducer and the
accelerometer, respectively, are shown in Figure 3.
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Figure 3. The input signal (blue) and the output signal (green) for specimen “A”.

The pseudo-transfer function for specimen “A” is shown in Figures 4. It can be observed that there
was a drop in the frequency response at 415 Hz. Then, there was a plateau beyond the frequency of
544 Hz for specimen “A”. Observing this FRF of the periodic material, we could see the formation of
the bandgap in the frequency range of 0-1500 Hz.
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Figure 4. Frequency response function of the specimen “A”.

The input and output signals for specimen “B”” measured by the force transducer and the accelerometer,
respectively, are shown in Figure 5.
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Figure 5. The input signal (blue) and the output signal (green) for specimen “B”.
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Figure 6. Frequency response function of the specimen “B”.

The pseudo-transfer function for specimen “B” is shown in Figures 6. It was observed that there was a
drop in the frequency response at 407 Hz. Then, there was a plateau beyond the frequency of 500 Hz
for specimen “B”. Investigating the FRFs in Figures 4 and 6, one can find the attenuation in the
frequency range start earlier with increasing the viscoelastic material ratio.

4. Conclusion

Phononic crystals with a viscoelastic component have been experimentally investigated in this paper.
PCs have vibration attenuation properties dependent on their periodic structure and material
constituent. In this study, the band gap and vibration attenuation of a one-dimensional PC subjected to
longitudinal vibration were evaluated experimentally. Two bi-layered specimens composed of
Aluminum and a Silicone Rubber (Elite double 8) were manufactured and tested. The specimens were
subjected to vibration from an electrodynamic shaker to obtain pseudo-transfer functions.
Experimental test results showed a clear drop in frequency response at 415 Hz and 407 Hz for
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specimen “A” and “B”, respectively. That was followed by a plateau beyond the frequency of 500 Hz.
This is an ongoing research effort, additional tests are required in order to determine the parameters
that influence the optimal vibration attenuation.

5. Acknowledgments
The authors show their gratitude to Qatar Foundation for their financial support through an NPRP
grant no. NPRP8-1568-2-666.from the Qatar National Research Fund.

6. References

[1] L. E. Psarobas, ‘“Viscoelastic response of sonic band-gap materials,”” Phys. Rev. B, vol. 64, no. 1,
2001.

[2] Y. Z. Liu, D. L. Yu, H. G. Zhao, J. H. Wen, and X. S. Wen, ‘‘Theoretical study of two-
dimensional phononic crystals with viscoelasticity based on fractional derivative models,’’
Journal of Physics D-Applied Physics, vol. 41, no. 6, 2008.

[3] B. Merheb, P. A. Deymier, M. Jain, M. Aloshyna-Lesuffleur, S. Mohanty, A. Berker, and R. W.
Greger, ‘‘Elastic and viscoelastic effects in rubber/air acoustic band gap structures: A
theoretical and experimental study,”” Journal of Applied Physics, vol. 104, no. 6, 2008.

[4] Y. P. Zhao and P. J. Wei, ‘“The band gap of 1d viscoelastic phononic crystal,”” Computational

Materials Science, vol. 46, no. 3, pp. 603-606, 2009.

[5] P. J. Wei and Y. P. Zhao, ‘“The influence of viscosity on band gaps of 2d phononic crystal,”
Mechanics of Advanced Materials and Structures, vol. 17, no. 6, pp. 383-392, 2010.

[6] B. Merheb, P. A. Deymier, K. Muralidharan, J. Bucay, M. Jain, M. Aloshyna-Lesuffleur, R. W.
Greger, S. Mohanty, and A. Berker, ‘‘Viscoelastic effect on acoustic band gaps in polymer-fluid
composites,”” Modelling and Simulation in Materials Science and Engineering, vol. 17, no. 7,
20009.

[71H. G. Zhao, J. H. Wen, D. L. Yu, and X. S. Wen, ‘‘Low-frequency acoustic absorption of localized
resonances: Experiment and theory,”” Journal of Applied Physics, vol. 107, no. 2, 2010.

[8] P. Wang, F. Casadei, S. C. Shan, J. C. Weaver, and K. Bertoldi, ‘‘Harnessing buckling to design
tunable locally resonant acoustic metamaterials,”” Physical Review Letters, vol. 113, no. 1, 2014.

[9] S. Shan, S. H. Kang, P. Wang, C. Q. Qu, S. Shian, E. R. Chen, and K. Bertoldi, ‘‘Harnessing
multiple folding mechanisms in soft periodic structures for tunable control of elastic waves,”’
Advanced Functional Materials, DOI:0.1002/adfm.201400665, 2014.

[10] C. Daraio, V. F. Nesterenko, E. B. Herbold, and S. Jin, ‘‘Strongly nonlinear waves in a chain of
teflon beads,”” Phys. Rev. E, vol. 72, no. 1, 2005.

[11] H. Meng, J. H. Wen, H. G. Zhao, and X. S. Wen, ‘‘Optimization of locally resonant acoustic
metamaterials on underwater sound absorption characteristics,”” Journal of Sound and Vibration,
vol. 331, no. 20, pp. 4406-16, 2012.



