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ABSTRACT 

The experimental realization and theoretical understanding of ultrathin lightweight plate-type 
acoustic metamaterials structures have been presented and discussed in-depth, wherein broadband 
excellent sound attenuation ability at low frequencies is realized by employing locally resonant effect. 
Here three different design concepts of plate-type acoustic metamaterials were introduced as below: a) 
Based on square lattice plate-type acoustic metamaterials, firstly, by increasing the membrane 
thickness, dependence on the initial tension of the membrane has been reduced or even completely 
eliminated, then a plate-type acoustic metamaterial with outstanding low frequency broadband sound 
insulation performance are proposed, and the influence of film thickness on the insulation properties is 
realized; secondly, by employing the elastic plate structure without initial tension, locally resonant 
theory of the plate-type acoustic metamaterials are established, and the sound insulation properties are 
connected to the band structure; thirdly, the influence of the mass shape on band gap is revealed by 
locally resonant theory; b) By introducing a thin air layer between the films, a type of multilayer one-
dimensional membrane and plate-type acoustic metamaterials structures with excellent low frequency 
sound insulation performance are experimentally obtained; c) Some plate-type acoustic metamaterial 
structures with lumped coupling bending resonance effects are experimentally and theoretically 
proposed, which have excellent low frequency ultra-wideband sound insulation ability, and even 
without any mass block, strong sound attenuation up to nearly 99% is experimentally achieved.   
 
1 INTRODUCTION 

Due to the low frequency sound wave with wavelength as long as from several meters to hundreds 
of meters, by using the traditional methods, the sound insulation structures need making the thickness 
size comparable with the wavelength for effectively isolating the wave. Theoretically, according to the 
mass density law, at low frequencies the acoustic transmission through a plate is inversely proportional 
to the thickness, mass density, and sound frequency [1]. That implies the low-frequency performance 
of barriers can be improved by increasing the thickness and ultimately the mass of the system [2]. 
However, in most cases this method is difficult for this to manipulate in practice due to the weight and 
volume constraints. So, the attenuation of low-frequency sound is a very challenging task [3]. The 
emergences of phononic crystals and acoustic metamaterials have provided a new thought for the 
vibration and noise attenuation at low frequencies. In 2000, the locally resonant phononic crystal had 
been put forward, wherein the cell size is two orders lower than the corresponding wavelength [4]. 
And that work has also been regarded as the origin of acoustic metamaterials [5]. Over the past 
decade, a great number of locally resonant phononic crystals and acoustic metamaterials structures 
with special functions were proposed [1-8]. Particularly, a membrane-type acoustic metamaterial with 
deep subwavelength thicknesses was proposed in 2008 [9], and provided a new solution for 
engineering vibration and noise reduction. By employing minimal rigidity of the elastic membrane, the 
low-frequency sound attenuation and other novel properties could be obtained [1-3, 9-20].  

The previous proposed elastic membrane-type acoustic metamaterial structures have shown very 
excellent sound reflection or absorption abilities. However, on the one hand, the stability of acoustic 
performance in elastic membrane structure is poor, and the resonant frequency is sensitive to the 
membrane tension, where very slight tension difference could lead to a large frequency offset; on the 
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other hand, silicone rubber material has been widely used in the elastic membrane-type acoustic 
metamaterials, and such material very easily tends to aging even without external loads. In this paper, 
we given a scheme to reduce the tension dependence by increasing the membrane thickness for 
improving the stability of acoustical performance. Actually, the tension dependence feature can also be 
eliminated by using the materials with higher Young's modulus to replace the soft rubber. However, 
the rigidity of plates are several orders higher than that of soft rubber membranes, which makes the 
design of the locally resonant structures using the stiff plates for low frequency sound attenuation to be 
difficult. Therefore, we proposed a one-dimensional (1D) stiff film-type acoustic metamaterials by 
introducing the thin air layer between films for low frequency sound attenuation, in which the resonant 
frequencies of structures are sufficiently low and the difficulty of tension control vanishes. However, 
the sound attenuation abilities of 1D structure are not good enough, and the total thickness is also 
larger than that of two-dimensional (2D) elastic membrane-type acoustic metamaterials structure. 
Therefore, a type of 2D multiple cells lumped ultrathin lightweight plate-type acoustic metamaterials 
structure with excellent sound attenuation in the low frequency range is proposed. With excellent 
sound attenuation ability, the proposed metamaterials could initiate exciting possibilities for designing 
subwavelength thicknesses sound barriers with versatile potential, and the application of noise 
reduction could be extended to new fields, such as the vehicle and resident environment.  
 
2 LOCALLY RESONANT PROPERTY OF 2D PLATE ACOUSTIC METAMATERIALS 

We designed several types of typically square lattice localized resonance units by silicone rubber, 
EVA and ABS materials, which were shown in Fig. 1a~d. Each unit consists of three parts, namely 
mass block, plate and frame. The mass block and plate are constituted by flexible rubber, and the 
frame by flexible EVA or stiff ABS. Total four types of mass block are considered, that is, cylindrical, 
ring, rectangular, and hemispherical shapes. Due to the different shape of the mass, the anisotropy, 
symmetry and surface density of units appear different respectively, followed by the difference of 
band structures. We also fabricated the corresponding experimental samples, and part of the samples 
are shown in Fig. 1e~h, the detailed settings and parameters can be found in our previous works [10-
11]. A homogeneous EVA plate with thickness of 2.5mm is chosen as the control group.  
 

 
Figure 1: The plate-type unit cells with cylindrical (a), ring (b), rectangular (c) and hemispherical (d) 
mass blocks; some multiple cells experiment samples with different type of mass and frame (e~h).  

To investigate the influences of the film thickness and the frame material on the sound insulation 
ability, several groups of sound transmission losses (STLs) for the two types of mass blocks 
(cylindrical and ring) under different film thicknesses and frames are shown in Fig. 2. For the two sets 
of specimens with the same ABS frames, the STL of the one with thickness of 0.5mm within 200-
275Hz proved about 2dB in average higher than that of the 1mm-thick one; while within the range 
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above 275Hz, the 1mm-thick specimen exhibited a higher STL than that of the 0.5mm-thick one, and 
especially the maximum difference reached 10dB above 400Hz. For the two sets with the same film 
thickness of 1mm, the specimen with EVA frame exhibited a higher STL than that of the ABS one 
within 200-350Hz, 5dB higher in average than the control group, and the maximum difference reached 
up to about 12dB. While between 350Hz and 500Hz, the STL of the ABS one got higher than that of 
the EVA one. And when it was above 500Hz, the gain increased, which was associated with the case 
that EVA is higher than ABS and rubber in the density, and the higher the frame density, the better the 
sound insulation ability at low frequencies. The STL of the cylindrical mass specimens are shown in 
Fig. 2b. For the two sets of specimens with the same ABS frames, almost among the entire frequency 
band, the STL of the 0.5mm-thick one proved higher than that of the 1mm-thick one, with the highest 
difference of approximately 15dB; while only in the band between 200Hz and 300Hz, the 1mm-thick 
specimen exhibited a higher STL than the control group, approximately 5dB higher in average. For the 
two sets with the same1mm-thickness film, almost among the whole frequency band, the specimen 
with EVA frame exhibited a higher STL than the ABS one, with the maximum difference more than 
10dB and an average difference approximately 8dB in the band above 260Hz. Overall, beyond a 
certain frequency, the STLs of the membrane-type acoustic metamaterials specimens proved lower 
than that of the control group. That is, a better sound insulation ability of this type of thin-film 
specimen could be exhibited only at low frequencies. 
 

 
Figure 2: The STL comparing of the samples with ring (a) and cylindrical (b) mass blocks and 
different membrane thickness and frame type; (c) band structure of cylindrical mass unit; (d) the 
comparison of the STL among different samples. The first Brillouin zone is shown in the inset. 

To investigate the sound attenuation mechanism and locally resonant property of the proposed 
structures, by using the finite element software COMSOL Multiphysics, band structure of the unit 
cells in Fig, 1a~d are solved, and that of the unit with cylindrical rubber mass is shown in Fig. 2c. 
Comparing the band structure of Fig. 2c with the measured STL results of Fig. 2d, it is suggested that 
in the ranges of the bending wave band gap, these results are consistent with each other. It means on 
the one hand, the band structure and STL calculation are validated by the experiment; one the other 
hand, the sound insulation ability of the proposed structure are experimentally validated. The 
structures proposed in this section have potential applications in the low-frequency vibration and noise 
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reduction. It is well known that for local resonant type structure, the periodicity is not very important, 
so the application range could be expand. For example, it could be fabricated with some small parts 
with the size of near 100×100mm, and these small parts could be located in the regions of the thin-
shell part where the low-frequency vibration is most intense. This method is similar to the traditional 
method, which achieves the vibration and noise reduction by pasting the mass and damping blocks on 
the intense vibration regions. In addition to achieving the low-frequency vibration reduction and sound 
insulation through the local resonance characteristic of this type of structure, because this type of 
structure is mainly composed by rubber with large damping value, the traditional damping attenuation 
effect can also be realized.  

 
3 MULTILAYER 1D PLATE-TYPE ACOUSTIC METAMATERIALS 

In this section, by introducing thin air layer between plate layers and using different material and 
thickness parameters, we designed some kinds of multilayer 1D plate-type composite structures. For 
briefer description, the basic material units employed here are classified as that: A denotes the 0.1mm-
thickness PET film, B the 0.2mm-thick polyamide film consisting of a 0.1mm-thickness rigid nylon 
film with an approximately 0.1mm-thick lightweight coating, and C the 0.5mm-thickness EVA film. 
All composite structures are constituted by these basic units, and the components are directly stacked 
on each other without any intermediate connecting material. Some samples are shown in Fig. 3a~b. 
 

 
Figure 3: (a) 40-layers PET film structure (S1); (b) 20-layers polyamide film composite structure (S5); 
(c) The STLs comparison for PET composite film structures of 0.1mm-thickness multilayer and the 
corresponding results predicted by the mass density law with the same areal density, wherein, the areal 
density of S1 and M1 is 4kg/m3, S2 and M2 is 3kg/m3, S3 and M3 is 2.5kg/m3, S4 and M4 is 2kg/m3 
respectively, meanwhile the frequency of P1 (black arrow), P2 (red arrow), P3 (blue arrow) and P4 
(purple arrow) is 509Hz, 622Hz, 426Hz and 408Hz respectively; (d) the STLs comparison for 
polyamide composite film structures of 0.1mm-thickness multilayer and the corresponding results 
predicted by the mass density law with the same areal density, wherein, S5 and M5 have the areal 
density of 3kg/m3, the lower edge of the shaded frequency area is 168Hz, and the upper edge is 736Hz. 
The structure forms: S1(40×A), S2(30×A), S3(25×A), S4(20×A), S5(20×B), S6(16×B), S7(12×B), 
S8(8×B), S9(CB×5), and S10(CBCBCBC). 
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The measured STL curves of S1~S4 are compared in Fig. 3c, wherein M1~M4 are the results 
predicted by the mass density law, which successively have the same areal density as S1~S4, and 
P1~P4 are the critical frequency points respectively when S1~S4 break the mass density law. Figure 
3c suggests that the STL amplitude will increase nonlinearly with the film layers in the whole test 
band. However, due to the structures resonance, in the range below 600Hz the STL curves undergo 
large fluctuations, especially for S1, which means that the STLs of these structures depend not merely 
on the thickness and areal density, but also the film layers. Comparing the results predicted by the 
mass density law for M1~M4, it is suggested that the mass density law could be effectively broken by 
these 1D structures in the low frequency ranges. Moreover, in the range of 200~500Hz, the average 
STL amplitude of S1 is approximately 4dB higher than that predicted by the mass density law, and the 
largest gain reaches almost 10dB, which reflects the excellent sound insulation ability of the acoustic 
metamaterials in the low frequency range. The STLs of S5~S8 are compared in Fig. 3d, wherein M5 
with the same areal density as S5 is the results predicted by the mass density law. The polyamide film 
is constituted by the nylon film with large stiffness and a layer of ultra-light coating, which results in a 
solid-solid composite structural form consisting of alternating materials. In the range of 168-736Hz, 
the mass density law can be broken by S5, the average STL amplitude of S5 is about 8dB larger than 
M5, and the maximum gain approaches to 18dB. After the number of layers reaches 16, the STL 
amplitude could always remain above 20dB, and more than 90% transmittance sound waves can be 
attenuated. The STL curves of 8-layers and 12-layers structures (S7 and S8) have changed smoothly, 
which suggests that the low frequency sound insulation capability of these 1D plate-type structures 
mainly depend on the structure cycles after the cycle number reaches some certain value. While for the 
structures with smaller cycle number, that capability mainly depends on the thickness. From Fig. 
3c~3d, it can be seen that the plate-type composite structures have a typical cyclical effect. Only 
reaching to a certain number of cycles will prompt the low frequency sound insulation ability to arise 
and the mass density law to be broken. 
 

 
Fig. 4 The STLs comparison for (a) polyamide film and EVA film composite structures of S13 and 
S14; (b) the simulated STL curves of the models; the displacement contours (c~e). 

In addition, although the layers of S10 are 3 less than S9 in Fig. 4a, with the sound wave incident 
from the same side, the STL curves almost coincide with each other, which suggests that as the film 
thickness increases, the surface effect of the monolayer film dominates the sound insulation and the 
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cyclical effect is rather weak. A possible interpretation is that the cyclical effect may have been 
saturated and only the surface effects may have appeared in this case. Such a feature is helpful to 
reduce the overall thickness and weight, as well as the cost. In theory, the trend of the STL curves of 
S9 and S10 in Fig. 4a should be caused by the interaction between the air layers and films. In order to 
reveal the physical mechanism of the saturation effect, a numerical simulation model is developed by 
employing the COMSOL software. Since the calculation of thinner structure is costly, we employ the 
1mm-thick EVA film denoted as D, 1mm-thick nylon film denoted as E, and 1mm-thick air layer 
denoted as F for simulation. Composite form of the first model is DFEFD (5-layers), and that of the 
second model is DFEFDFE (7-layers). From the simulated STL curves in Fig. 4b it can be seen that 
although the total thickness of second model (7-layers) is 2mm (1mm-thick nylon film and 1mm-thick 
air layer) larger than the first one, the STL curves substantially coincide with each other in the range 
from 450 to 800Hz. In the range above 800Hz, the STL amplitudes of the first model are even larger 
than the second one, and such a trend qualitatively agrees with the tested one in Fig. 4a, which means 
that the sound insulation ability of the 1D plate-type acoustic metamaterials is mainly determined by 
the surface properties of the film and the interaction between the films and intermediate air layers.  

The physical mechanism of the saturation effect can be further expressed by the numerical 
simulated displacement fields shown in Fig. 4c~e, which shows the displacement field contours of the 
7-layer structure that correspond to the frequencies indicated by blue arrows. In the figures, the black 
arrows indicate the direction of the acoustic wave. From the left to right, the first arrow indicates the 
frequency of 400Hz, which corresponds to the sound insulation dip and the critical frequency of the 
stiffness control and damping control; while the second arrow indicates the frequency of 455Hz, which 
corresponds to the sound insulation peak, and the frequency point with the most obvious anti-resonant 
effect. From the displacement contour at 400Hz of sound insulation dip in Fig. 4c, it can be seen that 
the vibration direction of the structure is consistent with the sound incident direction, which leads to 
the maximum transmission of sound waves through the structure. And from the displacement contour 
at 455Hz of sound insulation peak in Fig. 4d, we can find that at this case, the vibration direction of 
the structure is opposite to that of the incident sound wave, and the anti-resonance effect is very 
obvious, so that the sound wave will be strongly reflected back by the structure. Figure 4e shows 
displacement contour at the back of incident sound side of the 455Hz peak frequency, we can see that 
at the back side, the structure almost have no vibration, which vividly shows that the periodic effect is 
saturated at this time, only the partial structure facing to the incident sound direction keep vibration. In 
fact, at other frequencies, including 400 Hz, this feature is also valid, which provides the most direct 
evidence for the saturation effect. 
 
4 LUMPED MULTIPLE CELLS 2D PLATE-TYPE ACOUSTIC METAMATERIALS 

In this section, by employing stiff nylon plate, several lumped multiple cells 2D plate-type acoustic 
metamaterials structures are designed and fabricated. The STL curves of the metamaterials samples 
with different frame materials and homogeneous 1.5mm-thickness EVA plate sample are 
experimentally measured and then compared with each other in Fig. 5a, wherein the frequencies 
denoted by black arrows are 234Hz, 580Hz and 1140Hz in turn, and those denoted by blue arrows are 
400Hz and 963Hz, respectively. By evaluating the measured STL curves of EVA and ABS frames 
samples, it can be seen that in the band below 1140Hz, the STL amplitudes of the EVA frame 
structure are significantly greater than those of the homogeneous EVA plate. The maximum increase 
reaches up to 28dB at 580Hz, and the average increase get up to nearly 20dB. Even through only 
considering the bands above the first STL dip, i.e. the ranges above 234Hz, the maximum STL 
amplitude at 580Hz reaches 39dB. Because of that the STL is a logarithmic value, the STL rising to 
40dB means that only 1% sound wave could transmit the structure, and 99% will be attenuated. In the 
range below 1000Hz, the average STL value of the metamaterials structure is close to 25dB, which 
implies that only less than 6% of the sound wave could transmit the structure, and the attenuation 
percentage reaches up to more than 94%. 
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Fig. 5 (a) The measured STL curves of the metamaterials samples (both the EVA and ABS frames 
structures), the homogeneous 1.5mm-thickness EVA plate sample and the results predicted by the 
mass density law with the surface density of 1.4kg/m2, wherein the black (blue) solid curve denotes 
the measured STLs of the EVA (ABS) frames structure, the red solid curve denotes the measured 
STLs of the EVA plate with 1.5mm-thickness, and the magenta short dot curve denotes the results 
predicted by the mass density law; (b) comparison of the STL curves between the measured and 
simulated results, wherein the red (blue) solid curve denotes the measured STL of the EVA (ABS) 
frames structure, and the red (blue) short dot curve denotes the simulated STLs of the EVA (ABS) 
frames structure; (c) the simulated vibration displacement contours in the first dip (A) and peak (B) of 
EVA frames sample and the first dip (C) and peak (D) of ABS frames sample. 

By comparing the measured STLs of the nylon plate structures with softer EVA and stiffer ABS 
frames in Fig. 5a, which suggests that due to the coupling interaction between the frames and plate, the 
total stiffness of the sample with the EVA frames is smaller than that of the ABS frames one, and so is 
the coupling resonance frequency, which results in that the first dip frequency (~234Hz) of the EVA 
frames sample (black solid curve) is lower than that (~400Hz) of the ABS frames sample (blue solid 
curve). Furthermore, at the first dip frequency the STL amplitude of the EVA frames sample is 
approximately 6dB higher than that of the ABS frames one. Similarly, the peak frequency of the EVA 
frames sample is also lower than that of the ABS frames one, wherein the former is located at about 
580Hz and the latter about 963Hz. Meanwhile, at each sound insulation peak frequency, the STL 
amplitude of the EVA frames sample is about 5dB higher than that of the ABS frames one. Due to the 
coupling flexural resonance between the plate and frames, the frames provide the rigidity and apply a 
certain additional mass to the plate through coupling with the plate, and STLs of the EVA frames 
structure are always greater than those of the ABS frames structure at both the first dip and peak 
frequencies. Since the rigidity of the EVA frame is much smaller than that of the ABS frame, the 
additional mass applied on the plate from EVA frames becomes larger than that from ABS frames, 
which leads to that the STLs of the EVA frames sample are always greater than the ABS frames one at 
both the dip and peak frequencies.  

Figure 5b shows the measured and simulated STL curves for the structures with two types of 
frames, wherein the red arrows A and B denote the first dip (192Hz) and peak (596Hz) of the 
simulation results for EVA frames sample, respectively, close to those of the test results (234Hz and 
580Hz). Meanwhile, the blue arrows C and D denote the first dip (352Hz) and peak (1012Hz) of the 
simulation results for ABS frames sample, respectively, close to those of the test results (400Hz and 
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963Hz). Overall, the calculated results are consistent with the measured results. The vibration 
displacement contours at the frequencies denoted by arrows A-D in Fig. 5b are shown in Fig. 5c, 
wherein the sound waves are all incident from the lower left side in the figures. It is shown that at the 
dip and peak frequencies, the lumped coupling resonant modes of the whole samples are excited. At 
the first dip frequencies, the vibration directions of samples are in-phase to the incident sound wave 
and the phases reach up to shift points, resulting in the transmitting of sound waves into the structures 
maximizes, which leads to the STL dips. While at the first peak frequencies, the vibration directions of 
samples are out-of-phase to the incident sound wave, which leads to the STL peaks and a best anti-
resonance effect. 
 

 
Fig. 6. (a) The measured STL curves of the metamaterials samples with mass disks (both the EVA and 
ABS frames structures), and the results predicted by the mass density law with the surface density of 
3kg/m2, wherein the red (blue) solid curve denotes the measured STLs of the EVA (ABS) frames 
structure and the black short dot curve denotes the results predicted by mass density law; (b) 
comparison of the STL curves between the measured and simulated results, wherein the red (blue) 
solid curve denotes the measured STLs of the EVA (ABS) frames structures and the red (blue) short 
dot curve denotes the simulated STLs of the EVA (ABS) frames structures; (c) the simulated vibration 
displacement contours of the point-A to point-I in Fig. 3b.  

In addition, the EVA and ABS frames structures with additional mass disks are also fabricated, and 
the STLs are measured and numerically calculated, wherein the measured results are shown in Fig. 6a. 
Both surface densities of the two structures with additional masses are approximately 3kg/m2, and the 
results predicted by the mass density law are given in the figure as the black dot line. By comparing 
the measured STL curves of two different frame materials structures, it can be seen that the average 
STL amplitude of the EVA frames sample is approximately 10dB higher than that of the ABS frames 
sample in a wide frequency range of below 1250Hz, and the maximum increase reaches 15dB. 
Moreover, within the measure frequency band, the STL values of the EVA frames structure are always 
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greater than the results predicted by the mass density law, and in the frequency range above 200Hz 
(except the stiffness control region), the STLs of the EVA frames structure keep above 25dB and the 
average value is higher than 32dB, which shows excellent strong broadband sound attenuation ability. 

The vibration displacement contours at the frequencies denoted by arrows A-I in Fig. 6b are shown 
in Fig. 6c, and the corresponding frequencies are 112Hz, 412Hz, 492Hz, 1260Hz, 1372Hz, 200Hz, 
708Hz, 820Hz and 1428Hz, respectively, wherein the sound waves are uniformly incident from the 
lower left side in the figures. From these figures it can be seen that the EVA and ABS frames samples 
have similar displacement distributions. At the first dip frequencies (point-A for EVA frames structure 
and point-F for ABS frames structure), the vibration modes of samples both with and without 
additional mass disks are similar to each other, belonging to the first-order resonant mode of circular 
plate. In this case, the vibration directions of samples are in-phase with the incident sound wave and 
the phases reach up to shift points, which leads to the STL dips. At the first peak frequencies (point-B 
for the EVA frames structure and point-G for the ABS frames structure), the vibration modes are 
dominated by the anti-resonance in the center of sample, accompanied by a slight resonance in the 
surrounding region. Since the anti-resonance in the center is stronger than the resonance in the 
surrounding region, a STL peak with excellent sound insulation capability arises. For the EVA frames 
structure, at point-C, the center of the sample becomes in-phase resonant with the sound wave, while 
the surrounding region become anti-resonant. Due to that the resonance in the center is stronger than 
the anti-resonance in the surrounding region, a clear STL dip is produced. At point-D and point-E, 
vibration patterns of the lumped structure are relatively complicated for the coexistence of resonance 
and anti-resonance, and the STL amplitudes could be held at a high level. At the peak of point-D the 
STL amplitude reach up to about 60dB, and that reaches up to 40dB at the dip of point-E. Conversely, 
for the ABS frames structure, at point-G，the center of the sample becomes out-phase anti-resonant 
with the sound wave, while the surrounding region become in-phase resonant. Due to that the anti-
resonance in the center is stronger than the resonance in the surrounding region, a sharp STL peak is 
produced. While at point-H, anti-resonance in the center is weaker than the resonance in the 
surrounding region, which results in a clear STL dip. In the whole frequency range above point-H, 
vibration patterns of the structure at different frequencies are similar to each other, i.e. the coexistence 
of resonance and anti-resonance, and the STL amplitude could keep a high level and increase 
gradually. 

 
5 CONCLUSIONS 

To sum up, for the acoustic metamaterials structural design, multilayer 1D periodic plate-type 
structures, 2D periodic elastic membrane and plate-type structures without tension-dependent, and the 
2D plate-type structures with lumped resonance effect are presented in succession. In theory 
exploration, tension-dependent, local resonance theory, and the influence of the mass shape on the 
band structure of the 2D elastic plate-type acoustic metamaterials, the periodic effect, surface effect 
and saturation effect of 1D plate-type acoustic metamaterial, and lumped coupling resonance effects 
and the influence of the frame on sound insulation performance of the 2D plate-type acoustic 
metamaterials are deeply studied. The main purpose is hoping to resolve low frequency noise and 
vibration problems by the plate-type acoustic metamaterial in practice. 
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