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Acoustic Black Hole (ABH) has been attracting the ever-increasing attention from the scientific commu-
nity as a passive, effective and lightweight solution for vibration and noise mitigations of vibrating struc-
tures. Most existing work, however, relies on numerical simulations using Finite Element models, except
a few cases where alternative methods are attempted. In general, there is a lack of well-calibrated exper-
imental benchmark solutions for model validations and phenomena assertions, especially in 2D cases
where precise fabrication of ABH indentations with well-controlled thickness profile is a challenge. In this
paper, a rectangular plate embodied with a symmetric circular ABH indentation is meticulously manufac-
tured and experimentally tested in terms of eigen-frequencies, mode shapes, forced vibration response
and radiated sound power in a baffled half-space. These results offer useful benchmark solutions for
future ABH studies. In particular, experimental results show a high consistency with the ones predicted
by the previously developed 2D Daubechies wavelet (DW) model.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction alternative techniques [18,19]. In relation to these works, compar-
The mitigation of structural vibration and its noise radiation has
been a long-lasting issue, relevant to many applications. Vibration
reductions via viscoelastic coating over the structural surface [1] or
reducing wave reflections from structural boundaries such as
graded impedance interface [2] are among a few popular options
for achieving highly damped structures. However, the need for
lightweight structures poses new challenges to these conventional
solutions. As an alternative, structural design based on Acoustic
Black Holes (ABHs) phenomena [3,4] shows promise for controlling
flexural vibrations in thin-walled structures alongside a possible
weight reduction. Taking advantage of smoothly decreasing struc-
tural thickness, tailored according to a power-law relationship, an
ABH structure exhibits progressively reduced flexural wave phase
velocity towards the tapered/indentation area, giving rise to pro-
nounced energy focalization and reduced wave reflections with
the use of a small amount of damping material [4,5]. As a promis-
ing passive and lightweight solution, interests in exploring ABH
effects for various vibration and noise control have been experienc-
ing an exponential growth during the past decade [5–15].

As analytical solutions on realistic ABH structures are
practically unavailable, most existing work resorts to numerical
simulations using Finite Element method [10,11,16,17] or other
isons with experimental results, in views of model validations, are
scarce in the literature. Among a few existing examples, one can
cite O’Boy et al. [18] who investigated the damping and the mobil-
ity of a rectangular plate containing a wedge of power-law profile
using a bending plate model. However, positions of resonant peaks
showed significant differences with the results obtained from
experiments. Experimental investigations into vibration character-
istics of ABH plates have also been carried out in Refs. [7,11,19]. As
opposed to vibration analyses [20–23], explorations into sound
radiation properties of ABH structures are scarce. Bowyer and Kry-
lov [9] firstly experimentally investigated the sound radiation
properties of rectangular plates containing multiple circular inden-
tations. While demonstrating some typical ABH phenomena and
their vibration and acoustic benefits, it is observed that the exper-
imental setup may cause some errors at low frequencies because of
the acoustic short circuiting resulting from the free edges of the
plate due to the absence of the acoustic baffle.

Simulation models are of vital importance for carrying out ABH
design, analyses and optimization. However, there is still a lack of
well-calibrated experimental benchmark solutions for their valida-
tions. This is probably due to the challenging task of manufacturing
high-precision ABH indentations. In fact, as demonstrated by Bow-
yer et al. [24], ABH effects show strong dependence on geometrical
details. Although effective damping of ABH structures can still be
obtained with the existence of imperfect geometrical and material
parameters, such a variability can be a serious issue from the
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viewpoint of model validations. Therefore, it is imperative to estab-
lish a full set of well-controlled benchmark solutions, which moti-
vates the present work.

In this paper, a rectangular plate embedded with a symmetric
circular ABH indentation was meticulously manufactured using
Computer Numerical Control (CNC) milling. Structural properties
of the manufactured sample, such as eigen-frequencies, mode
shapes, forced vibration response and sound radiation into a baf-
fled half-space were then experimentally measured and compared
with the predictions by a previously developed Daubechies wave-
let (DW) model. The objective of the paper is twofold: offering a
useful set of experimental benchmark solutions for future ABH
studies; and validating the previously developed model along with
the experimental assertion of the revealed ABH-specific
phenomena.

The rest of the paper is structured as follows. Section 2 briefly
revisits the previously developed DW model. Section 3 gives a
description of the high-precision ABH manufacturing process. In
Section 4, experimental setup used for vibration and sound radia-
tion tests are introduced, followed by a brief description of the
sound power measurement procedure. Comparisons between the
experimental results and DW model predictions are then con-
ducted in Section 5, in terms of eigen-frequencies of the first 120
modes, mode shapes, forced vibration response and radiated sound
power. Finally, conclusions are summarized in Section 6.
2. System description and benchmark semi-analytical model

For the completeness of the paper, this section gives a brief
account of a previously developed 2D ABH plate model [13] sur-
rounded by an infinite rigid baffle. As shown in Fig. 1, the plate
(with a lateral dimension of a, b) incorporates a symmetric circular
ABH indentation whose thickness is tailored according to
h x; yð Þ ¼ erc þ h0, where e is a constant, c the power law index, r
the distance from the observing point to the ABH center xc; ycð Þ,
h0 represents the minimum thickness of the indentation. The
radius of the circular indentation is denoted by RABH. The region
outside the ABH indentation of the plate has a uniform thickness
h. The plate is supported by a set of artificial springs, both transla-
tional and rotational, that are uniformly distributed along the
edges. The ABH indentation is partially coated with damping layers
on both sides. The damping of the system is included using com-
plex Young’s modulus that incorporates the loss factor of material:
E�
0 ¼ E0 1þ ig0ð Þ and E�

d ¼ Ed 1þ igdð Þ represent complex Young’s
moduli of the plate and the add-on damping layers, respectively;
g0 and gd are the corresponding loss factors. The damping layers
are integrated with the plate and are considered in a fully coupled
manner in the model. The plate is subject to a harmonic mechani-
cal point force f tð Þ at the uniform portion of the plate.
Fig. 1. Modelling of the ABH plate.
The solution to the established model is based on the Kirchhoff-
Love thin plate theory under the framework of the Rayleigh-Ritz
method, after decomposing the plate transverse displacement w as

w ¼
Xp

i¼1

Xq

j¼1
aij tð Þui nð Þuj gð Þ ð1Þ

where n ¼ x=a and g ¼ y=b are the dimensionless coordinates, ui nð Þ
and uj gð Þ are the Daubechies wavelet (DW) admissible functions.
The discretized matrix form of the equation of motion of the system
writes [25]:

K�x2M
� �

A ¼ F ð2Þ
where vector A contains the amplitudes of complex coefficients
aij tð Þ; M and K respectively stand for the global mass and stiffness
matrices; x is the circular frequency; F is the vector of the excita-
tion force. Eq. allows obtaining the eigen-frequencies and corre-
sponding mode shapes upon solving its eigenvalue problem or the
forced vibration response. Subsequently, the sound power radiated
into a baffled half-space can be obtained as [25]:

Wrad ¼ VHRV ð3Þ
where V is the vector of vibration velocity, R the radiation resis-
tance, and the superscript H the complex conjugate. Results pre-
dicted by the DW model will be verified by experimental tests on
a manufactured test sample.

3. Manufacturing process of ABH test sample

The manufacturing procedure of an ABH plate sample and the
parameters that control the manufacturing process are reported
as follows. To quantify the deviation of the manufactured thickness
profile from its predesigned one, the thickness at multiple points
over the manufactured profile is measured using a Coordinate
Measuring Machine (CMM).

The designed geometrical parameters of the test sample are
shown in Table 1. Material parameters of ABH sample and those
of the damping layer (3MTM VHBTM adhesive transfer tape
F9473PC) are tabulated in Table 2. The damping material used in
the tests is produced by 3M Company.

3.1. Manufacturing method

Manufacturing metallic structures with a thin thickness is tech-
nically challenging, especially for an ABH plate that incorporates an
indentation with a power-lawed profile variation. The minimum
thickness that can be reached in commonly used manufacturing
techniques such as CNC milling and 3D printing is around
0.5 mm. In the present case, the targeted minimum thickness at
the center of the indentation is chosen to be 0.6 mm. Meanwhile,
the radius of the ABH indentation is relatively large, i.e., 0.15 m.
All in all, two main concerns arise. First, suffering from the
mechanical stress from the milling cutter, the thin area of the
ABH indentation is susceptible to tearing. Second, the resulting
high-temperature stress may deform the thin indentation area,
thus compromising the accuracy of the thickness profile. Therefore,
materials of the test sample and the milling cutter should be care-
fully selected. In the present case, top-grade aluminum 7075 which
is widely used in aerospace industry is chosen. Aluminum 7075 has
good machinability with high strength resistance to mechanical
Table 1
Geometrical parameters.

a = 0.6 m xc = 0.3 m e = 0.24/m
b = 0.5 m yc = 0.25 m c = 2
h = 6 mm h0 = 0.6 mm RABH = 0.15 m



Table 2
Material parameters.

Density Elastic modulus Loss factor Poisson’s ratio

ABH plate q0 = 2800 kg/m3 E0 = 71 GPa g0 = 0.002 l0 = 0.33
F9473PC qd = 980 kg/m3 Ed = 30 MPa gd = 0.9 ld = 0.499
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stress. Also, the sufficiently tough tungsten cutter with a ball end is
a preferable choice for milling. The parameters that determine the
manufacturing process should also be meticulously controlled. The
rotation speed of the cutter is expected to be high, up to
10,000 rpm. Also, the cutting volume and the cutting step of the
milling cutter should be small, which are 0.5 mm and 0.15 mm,
respectively.

The manufacturing procedure mainly consists of four steps.
Firstly, a flat plate which has the same size as the test sample
was machined out from an aluminum block with the burs being
removed, while the flatness error of the surface on both sides is
controlled within an acceptable level, e.g. 0.05 mm for the present
case. Secondly, the milling cutter produced the ABH indentation
following a circular path around the center of the indentation, from
outside toward inside. Meanwhile, cooling liquid was used to alle-
viate the induced high-temperature stress. Finally, after complet-
ing the indentation on the top side of the plate, the sample was
set aside for stress release for several days. Prior to manufacturing
the symmetric indentation on the other bottom side, the finished
indentation on the top side was fully filled with a plaster to allevi-
ate possible flapping of the cutter. Note the flapping effect fre-
quently occurs when machining thin metals during CNC milling,
which can even lead to the tearing of the structure if not properly
refrained. Meanwhile, sufficient machining allowance should be
considered in each manufacturing step. Following the procedure
described above, the symmetric indentation was successfully pro-
duced using a three-axis CNC milling machine (type VSC-1470).
3.2. Accuracy of the manufactured ABH profile

The manufactured test sample contains inevitable geometrical
imperfections because of machining precision. Therefore, the devi-
ation of the manufactured indentation from its predesigned profile
is checked through measurement.

For illustration purposes, the half thickness, defined as the dis-
tance from a point at the surface of the indentation to the mid-
plane of the test sample, is used to evaluate the error of the man-
ufactured profile. On the top side, 31 measurement points (includ-
ing the ABH center point) uniformly distribute along two
perpendicular lines intersecting at the ABH center, as shown in
Fig. 2(a). The thickness profile variations along these two perpen-
dicular lines, for a total of four profile trails (numbered 1#, 2#, 3#,
and 4#), were examined and deviations of them from the pre-
designed profile were assessed. The projection of these profiles
and the points onto the mid-plane is shown in Fig. 2(a). The half
thickness profile of these 31 points was measured using CMM.
Similar measurement was also carried out for the bottom side of
the plate. The half thickness variations obtained for both sides
are respectively shown in Fig. 2(b) and (c), in comparison with that
of the predesigned standard profile.

As can be seen from Fig. 2(b), for the top side, the half thickness
for points over the four measured profile trails are very similar.
This similarity can also be observed for the bottom side. Further-
more, the half thicknesses at four points located at the same circle
are averaged, both for the top side and bottom side, and compared
with their predesigned counterpart in Fig. 2(d). It can be seen that,
the half thickness on the top side shows a nice agreement with that
of the predesigned profile, while a marginal deviation is observed
for the bottom side, particularly at the central part (within a radius
of 50 mm) of the indentation. However, this slight deviation is
deemed to be acceptable, as will be further demonstrated by the
agreement of vibration response between experimental tests and
numerical simulations in Section 5.
4. Experimental setup

The vibrational properties of the manufactured sample and its
radiated sound field were measured, inside a test room and a fully
anechoic room, respectively. This section reports the experimental
setup used for both tests.

4.1. Measurement of vibration characteristics

The test sample was vertically suspended onto a rigid frame
using two flexible strings that introduce negligible damping, allow-
ing for the vibration testing of the sample under free boundary
conditions. The two strings pass through small holes (with a diam-
eter of 4 mm) near the corner of the sample, as shown in Fig. 3(a).
The strings maintain adequate strength to support the weight of
the sample plate (about 4.8 kg). The plate was excited by electro-
magnetic shaker (type 4809) through a small thin rod/stinger to fil-
ter out possible moment excitation. A force transducer (B&K 8200)
was installed to the end of the stinger to measure the input force.
To reduce possible mass loading effect, adhesive glue was used to
connect the force transducer to the test sample, as shown in Fig. 3
(b). The electromagnetic shaker was fed by a power amplifier (B&K
2706) with the periodic chirp signal. The input signal was con-
verted to voltage signal via a charge amplifier (B&K 2635). A Poly-
tec scanning laser vibrometer (PSV) 400 was used for signal
generation and data acquisition. The vibration response signals
were averaged over ten measurements to guarantee statistically
representative results.

4.2. Measurement of the radiated sound power

The measurement of the radiated sound power was carried out
in a fully anechoic chamber with an inner dimension of
6� 6� 3 m. The cut-off frequency of the chamber is roughly
90 Hz. A B&K Pulse system was utilized for signal generation and
data acquisition instead of PSV 400, while other equipment
remaining the same as for the vibration test. Thick large wooden
panels (8 long � 8 ft wide � 0.75 inch thick) were used to surround
the test sample to form a rigid acoustic baffle. Four smaller wooden
panels, 4 ft long � 4 ft wide � 0.75 inch thick, were annexed to the
four edges of the baffle to constitute a folded wall (see Fig. 4(a)),
which allows for a larger effective sound wave blockage area.
The test plate, flush-mounted with the surface of the baffle, was
installed in the middle of the baffle, as shown in Fig. 4(b). The
gap between the wooden panel and the test sample was around
1 mm to avoid additional damping to the test sample caused by
friction. The electromagnetic shaker was sealed inside a thick-
walled box made of Polymethyl methacrylate to minimize its
direct sound generation. The linearity of the system was ensured
by checking the sound power outputs while doubling the input
force level. The schematic of the experimental setup is shown in
Fig. 5.



Fig. 2. Half thickness profile: (a) measuring points; (b) top side; (c) bottom side; (d) averaged manufactured profile and predesigned profile.

Fig. 3. Experimental setup: (a) ABH test sample; (b) excitation with electromagnetic shaker and force transducer.
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Fig. 4. Anechoic chamber for radiated sound power tests: (a) position of the ABH test sample in relation to the rigid baffle; (b) coverage of the viscoelastic material F9473PC;
(c) measuring points projected on the floor (red dot); (d) microphone positions over the hemispherical surface.

Fig. 5. Schematic of the sound radiation test.
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The sound power was obtained through sound pressure mea-
surement in accordance with the international standard ISO 3744
[25]. Twenty microphones were installed over an assumed hemi-
spherical surface enclosing the front panel, as shown in Fig. 4(d),
with their projection on the floor of the chamber shown in Fig. 4
(c). The radius of the hemispherical surface should be larger than
twice the characteristic source dimension of the test sample
(1.78 m for the current case). In the current case, microphones
were positioned on a hemispherical surface with a radius of
1.3 m due to the restriction of the height of the chamber.

According to ISO 3744, the pressure determined sound power
can obtained by:
LW ¼ L
�
p þ 10lg S=S0ð Þ ð4Þ

in which S ¼ 2pr2 is the area of hemispherical surface, S0 ¼ 1 m2,

and L
�
p is the surface time-averaged sound pressure level which

can be obtained by correcting the mean time-averaged sound pres-

sure level L
�
p STð Þ from background noise,

L
�
p ¼ L

�
p STð Þ � K1 ð5Þ

where K1 is the background noise correction. Assuming that the
microphone positions are allocated with equal segment of areas,
the mean time-averaged sound pressure level from arrays of micro-
phones can be calculated as

L
�
p STð Þ ¼ 10log10 1=N

XN

i¼1
100:1Lpi STð Þ

� �
ð6Þ

where Lpi STð Þ is the time-averaged sound pressure level at ith micro-
phone position, and N the number of microphone positions which is
20 in the present case.

5. Results and analyses

The eigen-frequencies of the first 120 modes and their corre-
sponding mode shapes were first identified. Structural mobility
and radiated sound power of the test sample subjecting to a point



Fig. 7. Relative errors of eigen-frequencies of the first 120 modes obtained from the
DW model and experiments.
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harmonic force were then measured, for plates with/without
damping materials. These results are compared against the numer-
ically predicted ones. Additionally, reductions on structural vibra-
tion and sound power level were also observed, as detailed later.

5.1. Eigen-frequencies and mode shapes

Modal analyses of the manufactured ABH plate were first car-
ried out experimentally. Eigen-frequencies were identified based
on the positions of resonant peaks observed from the frequency
response curves measured by the laser-vibrometer. The obtained
eigen-frequencies of the first 120 modes are presented and com-
pared with their numerically predicted counterparts from the
DW model in Fig. 6, showing a good agreement with each other.
To quantify the agreement level, the relative error, defined as
f model � f testð Þ=f test � 100%, is present in Fig. 7, where f test and
f model represent the eigen-frequencies obtained from the experi-
mental tests and the DW model, respectively. It can be seen that
experimental values are slightly smaller than the predicted ones
due to shearing effect of the plate which is neglected in the DW
model. Nevertheless, most of the errors are below 2% with the
maximum one being 3.74%, which is deemed acceptable.

Further comparisons are performed in terms of mode shapes.
Four arbitrarily chosen mode shapes (30th, 50th, 83rd, 119th
modes) are presented in Figs. 8–11. To ensure a detailed compar-
ison, different views (front view, side view, and vertical view) of
these mode shapes are shown. To capture the local details inside
the ABH indentation, 75,000 and 33,233 points are respectively
used to depict the mode shapes, obtained from numerical simula-
tions and experiments. It is remarkable to see that experimentally
measured mode shapes are in nearly perfect agreement with their
numerically predicted counterparts, from low-order to high-order
modes. Though signal to noise ratio is a bit low for high-order
modes, details in deformation inside the ABH indentation are
clearly observable.

As previously mentioned, energy focalization is one of the
unique features of the ABH. This can be clearly observed from
the measured vibration patterns of the high-order modes, as
shown in Figs. 10 and 11. The vibration amplitude inside the
ABH indentation is obviously larger than that of the uniform part
of the plate, more evident around the ABH center. Meanwhile,
the highly compressed waves inside the indentation area can also
be clearly observed.

5.2. Cross point mobility

Forced vibration analyses were carried out on the test sample
with a harmonic excitation applied at (0.518, 0.165) m over the
uniform portion. The amplitude of vibration displacement of a
number of measured points over the surface of the test sample
was measured from 5 Hz to 6000 Hz with an increment of 5 Hz.
Fig. 6. Eigen-frequencies of the first 120 modes: DW model (short dash line);
experiment (short dot line).
Mobilities (20lg v=Fð Þ) at three representative points on the test
sample were extracted after 10 times averages. These three points
include the ABH center (0.3, 0.25) m, a point (0.0375, 0.25) m on
the uniform portion and the driving point (0.518, 0.165) m.

Fig. 12(a)–(c) illustrate the comparisons between the experi-
mental results and numerical simulations, which shows a good
consistency in nearly the entire frequency range, especially below
5500 Hz. Above 5500 Hz, differences begin to show; this presum-
ably can be attributed to the deviation of the manufactured ABH
indentation from the predesigned profile, since the response at
high frequencies is supposed to be more sensitive to local details.
Nevertheless, it can be seen that the rich dynamics of the system,
manifested by a large number of resonant peaks, can be truthfully
reproduced by the DW simulation model, testifying the accuracy of
the model on one hand, and the accuracy in manufacturing the test
sample on the other hand.

The deployment of damping layers inside the ABH indentation
plays a crucial role in the realization of ABH effect. To illustrate this
effect, the vibration response of the ABH test sample with its cen-
tral ABH portion covered with 3MTM VHBTM adhesive transfer tape
F9473PC was experimentally measured. The density qd, elastic
modulus Ed and loss factor gd of this material were evaluated at
4000 Hz [26] and tabulated in Table 2. In the present case, the cen-
tral area of ABH indentation within a radius of Rd ¼ 60 mm was
covered with transfer tape F9473PC of a constant thickness
hd ¼ 0:75 mm. Fig. 13 shows the measured and predicted struc-
tural mobilities at (0.0375, 0.25) m, showing again a nice fit with
each other. Compared with Fig. 12(b), the overall mobility level
of the damped plate shows a general decreasing trend with fre-
quencies alongside a general reduction in the peak levels, which
can be attributed to the ABH-induced enhancement in the overall
system damping.
5.3. Radiated sound power

Following the procedure described in Section 4.2, the sound
power radiated from the baffled ABH test ample was measured.
Using the same excitation as in the vibration test, the sound power
radiated from test sample with/without damping materials was
measured. For the sake of comparison, again, the measured sound
pressure at each microphone position was normalized by the input
force. Subsequently, substitution of averaged sound pressure level
into Eq. yields the total sound power as shown in Fig. 14. Compar-
ing the experimentally obtained sound power with that of model
simulations, an agreement can be noticed between these two sets
of results, both with (Fig. 14(a)) and without (Fig. 14(b)) damping
layers.

The results also show that the signal to noise ratio is variable in
the frequency range of interest. Due to the low signal to noise ratio
in the frequency range between 1000 Hz and 1500 Hz, the



Fig. 8. Comparison of 30th mode shape: (a) DW model (left), f n ¼ 1025:8 Hz; (b) experiment (right), f n ¼ 1014:0 Hz.

Fig. 9. Comparison of 50th mode shape: (a) DW model (left), f n ¼ 1801:4 Hz; (b) experiment (right), f n ¼ 1782:5 Hz.

Fig. 10. Comparison of 83rd mode shape: (a) DW model (left), f n ¼ 3163:5 Hz; (b) experiment (right), f n ¼ 3135:0 Hz.

Fig. 11. Comparison of 119th mode shape: (a) DW model (left), f n ¼ 4593:7 Hz; (b) experiment (right), f n ¼ 4556:3 Hz.
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observed sound power is larger than its numerical counterparts.
Whereas for other frequency ranges, both sets of results match
well. Interference from the shaker should be responsible for the
discrepancy between 1000 Hz and 1500 Hz, as the noise from
the shaker itself was detected and was difficult to be completely
eliminated. Nevertheless, the overall agreement between the
model and experiments is deemed satisfactory, especially for such
a highly dynamic system exhibiting complex dynamic behaviors.

5.4. Effect of damping layers on ABH performance

As aforementioned, damping layers coated around ABH center
are indispensable for the realization of ABH effects and are benefi-
cial to energy dissipation and vibration attenuation. This has been
confirmed through experimental tests using the previous test sam-
ple. Note the mass of the damping material only accounts for 0.66%
of the entire plate. Cross mobility at point (0.0375, 0.25) m over the
uniform portion was measured. It can be seen from Figs. 15 and 16
that damping material enables significantly damped vibration
peaks as compared with the bare ABH plate, more obvious at high
frequencies. Analogously, reduction in the sound power is also
observed, especially above the critical frequency of 1995 Hz, esti-
mated using the thickness of the uniform portion of the plate.
Therefore, the utilization of realistic damping material deposited
at the central portion of the ABH test sample allows for a substan-
tial attenuation of structural vibration response and its radiated



Fig. 12. Cross point mobility of the ABH plate: (a) ABH center (0.3,0.25) m; (b) an
arbitrary point (0.0375, 0.25) m on the uniform portion; (c) drive point at (0.518,
0.165) m.

Fig. 13. Comparison of cross point mobility at (0.0375, 0.25) m with damping
layers: (a) present model (solid line); (b) experiment (dot line). DL denotes damping
layer.

Fig. 14. Radiated sound power: (a) without damping layer; (b) with damping
material F9473PC. DL denotes damping layer.

Fig. 15. Measured cross point mobility at (0.0375, 0.25) m on the uniform portion
of the test samples: (a) without damping material (solid line); (b) with damping
material F9473PC (dot line). DL denotes damping layer.

Fig. 16. Measured radiated sound power of test samples: (a) without damping
material (solid line); (b) with damping material F9473PC (dot line). DL denotes
damping layer.
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sound power, showing the great potential of ABH structures for
vibration and noise control applications. Note that in all test cases,
due to the free boundaries of the plates, their sound radiation
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efficiency at low frequencies are rather low, thus making them less
efficient in radiating sound despite their high vibration level in the
low frequency range.

6. Conclusions

This paper reports a systematic experimental investigation on a
rectangular plate embodied with a symmetric circular ABH inden-
tation. Upon a meticulous design and realization of the manufac-
turing process, a high-precision ABH plate is manufactured and
calibrated. Using the manufactured sample, its structural proper-
ties, in terms of eigen-frequencies, mode shapes, forced vibration
response and radiated sound power, are experimental tested and
compared with a previously developed semi-analytical model.
Meanwhile, with realistic damping materials deposited at the cen-
tral portion of the ABH indentation, ABH effects on reductions in
vibration response and sound power are experimentally verified.

The complete set of experimental results, in both vibration and
sound radiation perspectives, offer useful benchmark solutions for
future ABH studies. As an illustrative example, experimental data
have been used to validate a previously proposed DW model. It
has been shown that the model provides remarkable accuracy in
characterizing the vibration response and sound radiation of the
ABH plate which exhibits rich dynamics and complex dynamic
behaviors. More specifically, most of the relative errors on the
eigen-frequencies of the first 120 modes of the plate are below
2%, alongside a good match in the corresponding mode shapes.
Cross point mobilities and the radiated sound power predicted
by the DW model also show a good agreement with experimental
measurement up to a high frequency range, both with and without
deposition of damping materials. Meanwhile, typical ABH phe-
nomena such as wave compression, energy focalization and the
effects of viscoelastic damping layers are also clearly observed in
experiments, also in agreement with numerical predictions.

It is pertinent to stress that an important outcome of this work
is the establishment of a feasible manufacturing procedure of an
ABH plate, as well as a full set of well-controlled experimental
benchmark solutions on some important vibrational and acoustic
metrics. Considering the lack of experimental data and the obvious
deficiency in correlating simulations with experiments in the liter-
ature, we believe this work would serve as an invaluable data
source for future ABH studies.
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