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ARTICLE INFO ABSTRACT

Keywords: Acoustic black holes (ABH) lattice is an effective way to realize the bandgaps (BGs) through
Acoustic black holes lightweight design. The predicted BGs using infinitely large periodic structures are commonly
Bandgap

believed to enable corresponding attenuation bands (ABs) even the structure only contains a
limited number of unit cells. This paper reports an unusual splitting phenomenon in the ABs of a
finite plate strip with two-dimensional (2D) ABHs. A wide AB predicted by BG is split into two
ABs in the finite strip separated by a high resonance peak, which challenges the aforementioned
common belief. Results show that the increasing number of periodic unit cells has a negligible
effect on the frequency and amplitude of the resonance peak. Its underlying mechanism is clar-
ified by investigating the relationship between the BGs and ABs, obtained from infinite and finite
periodic plate strips with the same 2D ABHs respectively. Complex wavenumber analysis results
show the existence of two flexural wave modes in the considered frequency range due to the finite
width of the strip. Two types of BGs, in which one satisfies the Bragg condition, are found when
both wave modes fail to propagate. Analysis of structural modes further uncover the physical
reason for the emerging AB splitting: a certain natural frequency of the boundary portion of the
2D ABHs strip falling into the theoretical BG. Due to the boundary reflection and energy con-
centration, this structural portion can loosely be regarded as a clamped-free plate strip. It is
demonstrated that the resonance peak splitting the AB becomes tunable via disrupting the
structural details of finite ABH strips. In particular, extending the terminal end of a finite ABH
strip allows the change in boundary portion, which is conducive to eliminating the splitting peak.
The reported study is helpful for the design of finite periodic structures with broadband atten-
uation bandgap.

Finite periodic array
Attenuation band splitting
Resonance mode

1. Introduction

Acoustic black hole (ABH) structures have recently attracted increasing attention, which, through effective wave manipulation,
enable broadband vibration and noise control applications [1-4]. By tailoring the structural thickness to a power-law variation profile,
the ABH acts as a wave trapper to entail a gradual reduction of the phase velocity of flexural waves [5]. As the effect of single ABH is
limited by the so-called cut-on frequency [6,7], efforts were made to extend the effective range of ABH to lower frequencies by using
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ABH lattice structures, inspired by the concept of phononic crystals (PCs) [8-10].

ABH lattice structure was first proposed in one-dimensional (1D) beam structure for prohibiting wave propagation through
bandgap (BG) generation [8,11]. Subsequently, various 1D ABH configurations, including folded beams [12], composite ABH beam
[13] and annular ABHs [14], were proposed for improving BG performance. More recently, ABHs were embedded into
two-dimensional (2D) plates or strips for the same purpose with the consideration of overall structural stiffness [10,15,16]. These
works demonstrated that the ABH-induced local resonance and Bragg scattering account for the BG generation in an infinitely large
periodic ABH plate, which prohibits wave propagation in both directions.

Realistic structures in practice only contain a limited number of unit cells, contrary to the infinite lattice traditionally used for BG
prediction. As such, waves cannot be completely prohibited within the band, although a significant energy attenuation can still be
achieved. The corresponding band in the finite lattice offering strong energy attenuation is referred to as attenuation band (AB) [17].
Existing literature has always shown that the two bands, BG and AB, are roughly the same [10,18-21]. This offers a very convenient
mean for structural design based on BG analysis. Researches in references [22,23] showed that there exists band-gap resonance
phenomenon in a finite lattice design, which indeed influences the effective bandwidth of the BG-predicted AB. However, the
mechanism behind remains obscure.

Motivated by this, this works aims at the comparison of the AB of finite plate strip with embedded periodic 2D ABHs and the BG of
the infinite counterpart, thus to uncover the potential band-gap resonance phenomenon in a finite 2D ABH lattice and the underlying
mechanism. Moreover, the possible strategy for eliminating the so-called band-gap resonance should be investigated to warrant the
real broadband attenuation based on periodic ABHs design.

The rest of this paper is structured as follows. The flexural wave BG of an infinite plate strip with periodic 2D ABHs is clarified in
Section 2 by scrutinizing the band structure and eigen-mode characteristics. In Section 3, an unusual splitting phenomenon is observed
within the AB of a finite plate strip with embedded 2D ABHs. This phenomenon challenges the aforementioned common belief that the
finite periodic structure enables ABs with the roughly same width as the bandgaps (BGs) predicted by the infinite counterpart, and also
impacts on the common structural design practice. Section 4 uncovers the underlying mechanism of the observed splitting phe-
nomenon by investigating the wave motion characteristics in infinite periodic arrays of ABHs, and also the natural modes of the finite
counterparts. Section 5 presents the effective design strategy to overcome the AB splitting for ensuring broad and continuous AB.
Finally, conclusions are drawn in Section 6.

2. Flexural wave bandgaps in infinite plate strip with ABHs

Asshown in Fig. 1, a plate strip of finite length, consisting of five periodic ABH cells with lattice constant a = 0.14 m, is investigated.
Each periodic cell contains an ABH indentation with diameter D = 0.1 m along the central line of the strip. Taking the center of the ABH
as the origin of the local coordinates, the thickness variation along the radial direction of the ABH is defined by
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where the minimum thickness hy, is 0.5 mm; the uniform part of the plate strip is hy=5.18 mm thick; the radius r; of the central
platform is 10 mm and thus the coefficient ¢ is 0.0029. The plate is made of aluminum with a mass density of 2820 kg m ~ 3, Poisson
ratio of 0.33 and Young modulus of 71 GPa. Using a finite element (FE) model, Floquet periodicity boundary condition is imposed at
the two boundaries of the periodic cell, leading to an eigenvalue problem whose solution with a given real wavenumber k yields the
band structure.

The condensed band structure is calculated to reveal the flexural wave BG through two processes: (i) the torsional modes are
removed, since only flexural waves are considered for the AB generation in such finite ABH plate strip [24]; (ii) considering the
coupling between the in-plane and flexural modes, the mode polarization in the z direction is introduced to highlight the flexural
modes as:
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Fig. 1. Finite ABH plate strips consisting of five periodic cells (N = 5).
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in which u, v and w are the displacement in x, y and z directions, and the integral domain covers the entire material volume V in the
periodic cell. Fig. 2 shows the calculated condensed band structure of the periodic ABH and that of the uniform cells by using the w(k)
method [25,26]. The uniform cell has the same size as the periodic cell in Fig. 1. The greyscale represents the value of P, and the
eigen-modes labeled in Fig. 2 are shown in Fig. 3 for both uniform and ABH periodic cells.

It is obvious that two flexural wave modes propagate along x direction in an infinite uniform strip in the considered frequency range
of 0~5000 Hz, named as BZ0 and BZ1 [24], with the BZ1 mode starting from 2000 Hz. According to the mode shape ¢,(y) along the left
edge of the uniform cell, as shown in Fig. 3, the two modes have different bending deformation along y axis due to the finite width of
the strip. The mode BZ0 in Figs. 3(a) and 3(d) [refer to k = 0.6, f= 1209 Hz and k = 0.6, f = 4165 Hz in Fig. 2(a)] is featured with nearly
uniform deformation along y axis (zero order), while the BZ1 in Figs. 3(b) and 3(c) [refer to k = 0.6, f = 2295 Hz and k = 0.6, f = 3589
Hz in Fig. 2(a)] is the first-order bending mode in the width direction. The band structure of the flexural wave in the periodic ABH strip
is more complex. As modes shown in Fig. 3, the waves in the periodic ABH strip are dominated by the two flexural modes, which are
also coupled with the in-plane modes. When the in-plane motion of a mode becomes dominant, P,, becomes small, as shown in Fig. 2.

Fig. 2(b) shows four BGs, in which the one around 2200 Hz is insignificant due to the strong coupling between the flexural and in-
plane modes. Although all the four BGs are crossed over by the characteristic lines corresponding to the in-plane modes, these in-plane
modes do not affect the other three BGs because the out-of-plate displacement of the in-plane modes is small.

3. Attenuation band splitting phenomenon

In order to verify the suitability of using the BGs for the prediction of ABs in the corresponding finite ABH strip, the transmissibility
of the finite ABH plate strips containing different numbers of periodic cells is calculated when the strip is subjected to the out-of-plane
force at the left side under free boundary conditions. This out-of-plane force is perpendicular to the xy plane (refer to the coordinate
system in Fig. 1), and centrally imposed at the left side to facilitate the flexural vibration analysis. The transmissibility is defined as the
ratio of the line-averaged flexural displacement amplitude on the receiving side to that on the excitation side [24].

As shown in Fig. 4(a), the ABs with transmissibility smaller than —10 dB generally agree with the predicted BG ranges in Fig. 2(b)
with a few exceptions. The most notable exception is that a high transmission peak appears in the BG around 3550 Hz. That is, the BG-
predicted wide AB is split into two narrow ABs in the finite strip, a phenomenon which is referred to as AB splitting. The distribution of
the out-of-plane response amplitude over a strip with five cells at 3550 Hz is presented in Fig. 4(b). It is obvious that the peak that splits
the AB does not shift significantly as the number of unit cells varies, which agrees with the first criterion for the judgment of band-gap
resonance in reference [22]. However, the peak value, as shown in Fig. 5, does not always decrease as the number of unit cells in-
creases, which is in contradiction with the second criterion for the judgment of band-gap resonance widely used in the literature.
Another transmission peak around 3325 Hz can also be observed within the BG, but only appears in the ABH plate strips when the Nis a
multiple of 5.
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Fig. 2. Condensed band structures of (a) infinite uniform and (b) periodic ABHs strips in the reduced Brillouin zone. gray stripes mark the BGs of the
infinite periodic ABH plate strip.
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Fig. 3. Representative mode shape of the flexural modes (a)(d) BZO and (b)(c) BZ1 for uniform and periodic cells. Dotted lines and solid lines
describe the mode shape ¢.(y) along the left edge of the uniform cell and that of the periodic ABH cell respectively. The thin dashed line marks the
zero level.
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Fig. 4. (a) Transmissibility of finite plate strips with different numbers of periodic ABH cells and the referenced uniform plate; (b) out-plane
response amplitude over the ABH plate (N = 5) at the splitting frequency.
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Fig. 5. Narrow-band transmissibility of finite periodic plate strips with N = 5, 6, 10 and 15 ABH unit cells.
4. Mechanism analysis and discussions
4.1. Wave motions in infinite system

To understand the unexpected AB splitting phenomenon, the characteristics of the two flexural waves were scrutinized. To this end,
the complex band structure shown in Fig. 6 is calculated using k(w) method based on FE analysis [27]. The imaginary part of the
complex wavenumber k represents the decay rate of the wave during propagation. The larger its absolute value is, the faster the wave
decays. Hence, three types of waves can be labeled according to the complex wavenumber [21,28]:

1) Propagating type (P): with a purely real wavenumber, wave propagates without attenuation.

2) Attenuation type (A): with the wavenumber in the form of nz/a + ilm(k), [Im(k)| > 0 and n being integer or zero, wave is attenuated
and the wavelength satisfies the Bragg condition. The Bragg condition in a 1D periodic system means that the BG edges occur when
a=nl/2(n=1,2,3,...) with A being the wavelength [29,30].

3) Complex type (C): with the wavenumber in a general complex form Re(k)+ iIm(k), |Re(k)| # nz/a and Im(k) > 0, wave is
attenuated during its propagation.

Only the modes with P,, larger than 0.5 are retained to facilitate the analysis. The real and imaginary parts of the wavenumber are
drawn in Figs. 6(a) and (b), respectively. Instead of using the compact form in the reduced Brillouin zone, the extended-zone scheme is
used for the real wavenumber curves. The two branches of the real wavenumber curves correspond to the BZ0 and BZ1, respectively.
The BZO0 curve starts from 0 Hz and that of the BZ1 mode starts from 1515 Hz for the ABH strip. Unlike the wavenumber curves for the
uniform strip, discontinuities appear in the real wavenumber curves of the periodic strip due to the coupling between the flexural and
the in-plane modes. The most notable discontinuity appears between points 6 and 9 in the BZ0 branch as shown in Fig. 6(a).

Fig. 6 shows possible combinations of the two flexural modes, namely PP, AP, PA, AA and CC, in which the first and second symbols
represent the type of BZ0 and BZ1 modes, respectively. If one of the two modes is P-type at a specific frequency, wave can propagate
without attenuation in the periodic ABH strip. A BG is formed only when both flexural waves fail to propagate, i.e. only when the
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Fig. 6. Complex band structure: (a) The real wavenumber curves corresponding to two flexural modes in the extended-zone scheme for the infinite
periodic ABHs and uniform strips. (b) The imaginary wavenumber curves of the infinite periodic ABHs.
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combination of mode type is AA or CC. For clarity, the characteristic frequencies corresponding to mode type switching are labeled by
1 to 16 in Fig. 6(a) and are accordingly listed in Table 1. For the four BGs in Fig. 2(b), the two with AA combination are called Bragg
BGs, since the A-type wave satisfies the Bragg condition. The other two with the CC combination without satisfying the Bragg condition
are categorized as locally resonant BGs. As the eigen-modes of two evanescent flexural waves shown in Fig. 7, it is observed that the
wave motion inside the four BGs is accompanied by the local resonance in the ABH areas, which agrees with the conclusion from a
previous study [15].

Fig. 6 shows that in the two locally resonant BGs (CC type), the two wave modes have the same Im(k) and the upper and lower
frequency bounds of BGs. The frequency ranges of these two BGs agree well with those of the corresponding ABs in Fig. 4(a). As shown
in Fig. 4(a), the attenuation effect is enhanced as the number of unit cells increases for all Bragg and local resonance BGs.

For the Bragg BGs (AA type), the overlapping frequency interval between the two A-type waves, respectively corresponding to the
BZ0 and BZ1 modes, usually determine the Bragg BG range, because the two wave modes have different upper and lower frequencies
for the A-type wave. Focusing on the Bragg BG starting from 2200 Hz, the A-type wave of BZ0 mode in Fig. 6 spans the frequency
interval from 1880 Hz to 2420 Hz, while that of BZ1 mode is from 2200 Hz to 2520 Hz, thus this Bragg BG should be lower and upper
bounded with 2200 Hz and 2420 Hz respectively. However, the theoretical upper bound of the Bragg BG becomes lower due to the
coupling between the BZ0 mode and the in-plane modes at f; = 2280 Hz. This coupling makes it more difficult to visualize this BG in
Fig. 3(a) using a small number of unit cells.

The splitting phenomenon occurs on the AB, which should correspond to the BG bounded by the mode BZ0 at the lower frequency
3240 Hz and the mode BZ1 at the upper frequency 3840 Hz. As the upper and lower frequency bounds of the BZ0 mode are both higher
than that of the BZ1 mode, the imaginary wavenumber curves of the two modes cross at 3550 Hz inside the Bragg BG, as shown in Fig. 6
(b). The same crossing point also can be found for the Bragg BG around 2200 Hz, but there exists P-type BZ0 mode at this crossing
frequency.

In addition, Fig. 6 shows the coupling between the Bragg BG from 3240 Hz to 4130 Hz and the local resonance BG from 4130 Hz to
4660 Hz of the BZ0 mode. This type of BG coupling has been reported as an effective way for achieving broadband AB in locally
resonant beams [21,30,31]. However, this BG coupling only exists for the flexural wave BZ0 and fails to generate wide ABs in current
situation due to the AP combination from 3840 to 4130 Hz. Therefore, the existing two flexural wave modes in such plate configuration
would increase the difficulty in broadening the AB based on the exact coupling between two different BGs.

Since Im(k) represents the decaying property of the waves, waves with a positive Im(k) cannot propagate infinitely in a periodic
structure. In a finite strip with a small number of ABHs, the wave does not decay to zero, which results in wave reflection from the two
structural boundaries. Since |Re(k)| = nz/a with k being computed based on the Bloch-Floquet condition, the wave mode usually does
not satisfy the boundary condition in a finite strip. Therefore, resonance of the finite strip usually does not fall into the BG and the
transmissibility is usually small due to the wave decaying.

4.2. Natural modes in finite system

The natural mode analysis of the finite ABH plate strip aims at uncovering that special cases of resonance of the finite strip can fall
into the BG when some conditions are satisfied. As the natural modes shown in Fig. 8 for finite strips consisting of different numbers of
periodic unit cells, every ABH strip has two natural modes falling into the Bragg BG from 3240 Hz to 3840 Hz. Especially, the modes at
3544.8 Hz and 3548.1 Hz of the strip with 6 unit cells and the modes at 3545.1 Hz and 3550.6 Hz of the strip with 10 unit cells show

Table 1
The characteristic frequencies corresponding to mode type switching among P-type, C-type and A-type wave motions, and the frequency intervals of
BGs below 5000 Hz.

i fi (Hz) Wave Mode BG Ranges (Hz)
BZ0 BZ1

1 0 P (0~1515Hz) None -

2 1515 C (1515Hz~1700Hz) C (1515Hz~1700Hz) Local resonance:

3 1700 1515~1700

2 1880 P (1700Hz~1880Hz) P (1700Hz~2200Hz) -

5 2200 A (1880Hz~2420Hz) A (2200Hz~2520Hz) Bragg:2200~2280

6 2280 -

7 2420 P (2420Hz~3240Hz)

8 2520 P (2520Hz~3120Hz)

9 2740

10 3120 A (3120Hz~3840Hz)

11 3240 A (3240Hz~4130Hz) Bragg:3240~3840

12 3840 P (3840Hz~4130Hz) -

13 4130 C (4130Hz~4660Hz) C (4130Hz~4660Hz) Local resonance:

14 4660 4130~4660

is 4840 P (4660Hz~5000Hz) P (4660Hz~4840Hz) -

% 5000 A (4840Hz~5000Hz)
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Fig 8. A pair of natural modes around 3550 Hz for finite plates with N = 4, 6, 10 periodic ABH cells under free boundary condition.

that the unit cells in the middle part of the strip undergo very low vibration and the two cells at each end bridge the nearly static state in
the middle cells to the free boundary condition on the edge. This suggests that the portion of the two boundary unit cells in the strip can
be loosely regarded as an independent structure with approximately clamped-free boundary conditions with local standing wave
created in this portion of the strip, which can be called boundary portion (see the regions marked by dashed boxes in Fig. 8). To further
confirm this explanation, natural modes of the independent plate consisting of two unit cells are calculated with one side clamped and
the others free, as shown in Fig. 9(a). Within the frequency range from 3240 Hz to 3840 Hz, one natural mode is found as shown in

@ L,=2*a=0.28m

Clamped
boundary

SNANNSSN

free

Fig. 9. (a) Clamped-free supported plate with two periodic ABH unit cells and (b) natural mode within a narrow band from 3240 Hz to 3840 Hz.
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Fig. 9(b). It is obvious that the mode shape at 3535 Hz of this boundary portion presents the same characteristic as the mode
deformation in two boundary unit cells indicated in Fig. 8. Obviously, the necessary condition for the generation of resonance modes
which split the AB is that the natural frequency of the boundary portion falls into the corresponding BG. Considering this, it cannot be
excluded that the observed AB splitting would appear within the local resonance BG in other situations with different unit cell designs.
For the above symmetric strips with length L being a multiple of lattice constant a, the boundary portion with two unit cells satisfies the
aforementioned condition.

Therefore, the fact that the resonance mode of a finite periodic design falling into the BG is determined by the natural frequency of
the boundary portion also explains why the splitting frequency is not significantly affected by the number of unit cells in the strip.
Corresponding to the two wave modes, two resonance modes fall into the BG, as shown in Fig. 8. Because Re(k) of wave modes BZ1 and
BZ0 is 2 and 3, respectively, the two resonance modes have the opposite phase on one side, but the same phase on the opposite side.
The transmission peak splitting the wide AB is the resultant effect of the two resonance modes so that it does not always decrease as the
number of unit cells increases.

For another resonance peak around 3325 Hz falling into the Bragg BG from 3240 Hz to 3840 Hz only when N = 5, 10 and 15 in
Fig. 5, modal inspection (not shown here) reveals that this peak is induced by the in-plane wave mode, corresponding to point B in
Fig. 2(b) at 3329 Hz. As the velocity of the in-plane wave is larger than the flexural wave, the finite strip with several periods can cover
the wavelength of the in-plane wave. With k;,=0.2, the length being 5a matches with half wavelength of the in-plane wave dominated
by displacement u, and thus this resonance mode appears in the ABH strip only when the N is a multiple of 5. Due to the in-plane
motion domination with P,=0.18, the peak is not as high as the one at 3550 Hz.

5. Method to tune attenuation band splitting

Since the splitting peak is closely related to the natural mode of the boundary portion with clamped-free supported, the expected
way is changing the so-called boundary portion of a plate strip with embedded periodic ABHs. Therefore, to reveal the possibility of
tuning the resonance peak and further confirm the aforementioned physical mechanism at the same time, we purposely disrupt the
periodicity and the symmetry of the strip by extending its terminal end (right-hand-side uniform part in Fig. 1) by an additional
lengthAL [see the strip in Fig. 10(a)]. Thus the characteristic geometric parameters N, and L, of the boundary portion should vary with
AL. The transmissibility of two strips with different additional lengthAL is calculated. As the narrow-band results shown in Fig. 10(b),
one can see that the transmission peak within the predicted BG can be altered, either reduced (seeAL=0.05 m) or completely elimi-
nated (seeAL=0.1 m). Moreover, this change of structural details also eliminates the transmission peak induced by the in-plane wave
mode.

According to the above mechanism analysis, resonance modes, which appear in the Bragg BG from 3240 Hz to 3840 Hz, are shown
in Fig. 11 for two strips with additional length. It is observed that there still exist two resonance modes for the case AL=0.05 m, but only
one for AL=0.1 m. By scrutinizing the mode shape of caseAL=0.05 m in Fig. 11(a), it is found that the local standing wave is created in
the right one boundary ABH unit cell for the mode at 3520 Hz, but in the left two for the mode at 3547 Hz. For the latter, it is due to the
fact that the boundary portion, the natural frequency of which with clamped-free supported falls into the considered BG, consists of
two unit cells [cf. Fig. 9(b) and Fig. 11(a)]. Moreover, there exists another boundary portion [see the region marked by the dashed box
in Fig. 11(a)] consisting of one unit cell and additional length AL=0.05 m, which has one natural mode at 3523 Hz (mode shape not
shown here). The resonance mode at 3520 Hz therefore appears in the BG for the five-ABHs strip with AL=0.05 m, and thus splits the
AB at the different frequency from the five-ABHs strip with AL=0.

For the five-ABHs strip with AL=0.1 m, there only exists the boundary portion shown in Fig. 9(b) satisfying the aforementioned
conditions. Therefore, the AB splitting is eliminated in Fig. 10 duo to the created local standing wave only in the left two boundary unit
cells of the strip. This above analysis concludes that geometrically disrupting the periodicity and the symmetry of the strip can mitigate
the AB splitting, because the boundary portion varies in different structures. Therefore, we cannot exclude other alternative methods of
geometrical disruption, eg. moving ABHs or modifying the profile of ABH near the end with maintaining the structural size. Note that
possible rules to achieve prescribed target should be another complex problem of structural design, which requires deeper analysis and
is beyond the focus of this work.

6. Conclusions

By analyzing the BG of an infinite periodic ABH plate strip and the transmissibility of the finite counterpart, this work illustrates an
unusual splitting phenomenon in the ABs of such finite strip configuration. Analysis on eigen-modes reveals that two types of flexural
wave modes are enabled within the frequency range under consideration due to the finite width of the strip. BGs are generated when
both wave modes fail to propagate. Therefore, the strategy for realizing ultra-wide continuous AB through coupling the local resonance
and Bragg BGs is challenged, due to the difficulty in simultaneously guaranteeing the exact coupling between the two types of BGs for
both flexural waves.

The revealed AB splitting phenomenon, with the appearance of a high energy transmission peak, disrupts the BG-predicted
broadband and continuous ABs in the strip of finite size, which are usually assumed to coincide with the BG obtained from the
band analyses on the corresponding infinite counterpart. Complex wavenumber analysis shows that there exist two kinds of BGs, in
which one satisfies the Bragg condition. By scrutinizing the resonance mode characteristic of finite ABH strips, the results uncover the
underlying mechanism of AB splitting: the emerging resonance peak within the BG-predicted AB as the results of a natural frequency of
the boundary portion of the finite strip falling into the corresponding BG. The so-called boundary portion obviously depends on
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Fig. 10. Narrow-band transmissibility of finite plate strips combining N = 5 unit cells with an extension of different length AL.

Max T TN +Max
(@) 4L=0.05m: 3520Hz,3547Hz

_@@@@]

() 4L=0.1m: 3547Hz

o1 J[ofolo

Fig. 11. Resonance modes of finite plate strips combining N = 5 unit cells with an extension of different length AL= (a) 0.05 m and (b) 0.1 m within
a narrow band from 3240 Hz to 3840 Hz.

structural details, so that it is impractical to eliminate the resonance peak by merely increasing the number of periodic unit cells.

Analysis results have confirmed that geometrically disrupting the periodicity and symmetry of the finite periodic ABH plate strip
turns out to be an effective way to overcome the challenge of the AB splitting for truly achieving broad and continuous ABs in practice.
In particular, as confirmed in this work, by extending the terminal end with different, the splitting peak occurring in the considered
finite ABH strip would be reduced or even eliminated. This work offers an understanding on the formation mechanism of the splitting
peak within the BG region in a finite structure, and permits avoiding the occurrence of such phenomenon to achieve broadband energy
attenuation in practical design.
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