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Abstract
A novel resonance sound absorber, whose resonant frequency characteristic can be varied by
turning the external magnetic field, is constructed based on micro-perforated magnetorheological
elastomer (MP-MRE). The influence of parameters, such as porosity, thickness, curing agent
weight ratio and magnetic field intensity, are investigated to analyze the magneto-acoustic
coupling property of MP-MRE sound absorber. By increasing the magnetic flux density, the
resonant frequency of resonance sound absorber moves toward high frequency region. It is found
the magnetic field-induced deformation of the MP-MRE and its pores affected the resonant
frequency. When the magnetic flux density was increased from 0 to 132 mT, the maximum
variation of the resonant frequency reached 304 Hz. Finally, originated from this unique
magnetic controllability, the MP-MRE sound absorber shows broad potential in the tunable
sound absorber at middle and low frequency range.

Supplementary material for this article is available online

Keywords: magnetorheological elastomer, magnetic properties, micro-perforated, resonant
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1. Introduction

Conventional sound absorbing materials can be divided into
resonance sound absorbing structures [1–3] and porous sound
absorbing materials [4, 5] according to their sound absorption
mechanism [6]. As a kind of resonance sound absorbing
structure, the micro-perforated panel (MPP) is composed of
the thin panel with a perforation diameter of �1 mm and the
rear cavity of the panel. Since Maa firstly proposed the basic
theory and design principles of MPP [7], sound absorbing

structures based on MPP theory have been extensively
developed [8–11] in noise control field [12–15]. The MPP has
wider sound absorption bandwidth than perforated plate and
exhibits better absorption characteristics than sheet resonance
absorption materials. Compared with porous and fibrous
materials possessing similar absorption characteristics, the
MPP with relatively thin thickness can achieve high sound
absorption coefficients. Therefore, the MPP is one of the most
attractive sound absorbing material and has promising appli-
cations in the noise control field.

Usually, the resonant frequency of the conventional MPP
sound absorbing structure was mainly tuned by mechanically
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changing the cavity size with screw structure or stepping
motor [16]. In comparison to the mechanical tuning method,
the electric and magnetic tuning method has real-time con-
trollability and does not require discrete mechanical parts. In
recent studies, electric actuation has been introduced in tuning
the resonant frequency of sound absorbing structure. Chang
et al [17] used shunt damping technology to control the sound
absorption property of MPP coated with piezoelectric material
and electrical circuits. Duan et al [18] developed a flexible
MPP absorber which was composed of a perforated alumi-
num-electrode Polyvinylidene fluoride piezoelectric film. Tao
et al [19] proposed a finite MPP backed by a shunted loud-
speaker. The result showed the resonance characteristics
could be adjusted by changing the electrical parameters in the
shunted circuit. Lu et al [20] presented an electrically tunable
acoustic absorber based on a micro-perforated dielectric
elastomer actuator. The active shifting of the acoustic
absorption spectrum could be achieved by voltage activation
that reduced the membrane tension and holes size.

Besides the electrically tunable acoustic absorber, the
magnetic tuning method is also gradually developed for the
resonance sound absorbing structure, due to the simple
structure, remote contactless control and quick response
capability [21–25]. In this area, the magnetorheological
elastomer (MRE) is the mostly used material. MRE is a kind
of smart materials with enticing prospect in magnetic
manipulation [26–28]. It is usually consisting of three com-
ponents: soft elastomer matrix, additives and magnetic parti-
cles [29], which has remote contactless magnetic actuation
and quick response capability [30–32]. By decreasing the
thickness, the MRE shows good magnetic-induced deforma-
tion performance [33–36]. Schmauch et al [37] realized the
directional actuation of elastomer films with chains of
magnetic nanoparticles aligned. Due to this magnetic
phenomenon, Mahendran et al [38] found that Ni-Mn-Ga/
polymer magnetic composites showed a good acoustic
attenuation. Moreover, Chen et al [22] designed a magneto-
acoustic metamaterial based on magnetorheological elasto-
mer, and they observed that the resonant frequency was
tunable by the external gradient magnetic field. Therefore,
due to the excellent magnetic-induced deformability, the thin
MRE is of enticing prospect for wide application in acoustic
absorber.

Obviously, the acoustic properties of MRE have attracted
the interests of many researchers. Chiu et al [21] found that
the magnetic field showed high influence on the transmission
loss spectrum of a drum-like silencer consisting of cavities
covered by ferromagnetic membranes. Nguyen et al [25]
developed an analytical vibro-acoustic-electromagnetic cou-
pling model to study magneto-based acoustic metamaterials.
Hasheminejad et al [39] developed a two-dimensional ana-
lysis damping model to investigate the acoustic insulation
characteristics of the sandwich plate based on magnetorheo-
logical elastomeric core. Moreover, the acoustic properties of
other MR based structures are also been investigated [24,
40–42]. These works took full advantage of the controllable
stiffness of magnetic materials. Although some researches
have been conducted on the acoustic insulation characteristics

of MRE with the solid structure, few works have been
focused on the sound absorption property of micro-perforated
structure MRE. Considering the good sound absorption
characteristics of the micro-perforated structure and excellent
magnetic-induced deformation properties of MRE, the
investigation of a magnetic-tunable resonance sound absorber
based on the micro-perforated structure MRE is pressing
needed. Compared with the traditional MPP sound absorber,
the novel absorber has the advantages of fast response cap-
ability, real-time controllability and efficient, offering a new
magnetic tuning method in the sound absorption control of
MPP absorber.

This work reported a micro-perforated magnetorheolo-
gical elastomer (MP-MRE) sound absorber with good flex-
ibility, stability and magnetic sensitivity. The influence of
porosity, curing agent ratio, thickness and magnetic field
intensity on magnetic-induced deformation and sound
absorption property of MP-MRE sound absorber were
investigated. Meanwhile, the magnetic-induced deformation
was found to be very important for understanding the
mechanic-magnetic-acoustic coupling behavior of MP-MRE
sound absorber. Because of the micro-perforated structure and
magnetic actuation properties, MP-MREs sound absorber
showed good sound absorption and tunable resonant fre-
quency properties. Finally, a novel magnetic-tunable sound
absorber based on MP-MRE was developed and it further
proved the reliability of MP-MRE sound absorber.

2. Experiment section

2.1. Materials

The polydimethylsiloxane (PDMS) precursor and curing
agent used here were all purchased from Dow Corning
GmbH, USA. The carbonyl iron particles (CIPs) with an
average diameter of 7 μm, used as magnetic filler, were
provided by BASF in Germany.

2.2. Fabrication

The fabrication processes of MP-MREs sound absorber were
illustrated in figure 1. Firstly, PDMS precursor with different
curing agent weight ratio (1:10, 1:15 and 1:20) and CIPs were
mixed for 10 min in a beaker, and subsequently sonicated for
10 min to make the CIPs to be homogeneously dispersed.
Here, curing agent weight ratio was the ratio of curing agent
to PDMS precursor. The weight fraction of CIPs was kept at
50 wt% for all samples. Then, the beaker was transferred into
a vacuum container and degassed for 20 min. After that, the
sample was molded and vulcanized in the molds with a dia-
meter of 116 mm at 100 °C under 20MPa for 10 min. Next,
the resulting MREs with a thickness of 0.5, 0.75, 1 and
1.25 mm were transferred into a laser processing platform.
After laser ablation, the MP-MRE was obtained, and the
diameter of the hole was about 800 μm. Finally, the MP-
MREs were fixed to the holder on the surface of the rigid wall
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to form an air cavity, then the whole structure was combined
into the MP-MRE sound absorber.

2.3. Characterization

The morphology of MP-MREs was characterized by scanning
electron microscopy (SEM, GeminiSEM 500, ZEISS) under
16 kV. The storage modulus of the MP-MREs was measured
by using a rheometer (Physica MCR 301, Anton Paar Co.,
Austria). MP-MREs with a diameter of 2 cm and a thickness
of 1 mm were tested under the normal force of 1 N. The shear
frequency was 5 Hz and the shear strain was 0.1%. The
uniaxial tension test of the samples was carried out by a
universal test machine (MTS criterion 43, MTS System Co.,
America). The samples were cut into a rectangle shape and
the tensile rate was set as 2 mmmin−1.

The digital image correlation (DIC) method was applied
to measure the magnetic-induced deformation of the MP-
MREs sound absorber. A kind of white paint was sprayed
onto the surface of MP-MREs to obtain the speckle pattern.
Stereo cameras were used to record and capture images of the
speckle pattern for calculating the deformation. The MP-
MREs were fixed on a 3D print holder with a height of 12 mm
and an outer diameter of 100 mm. Then the assemblage was
fixed on the top surface of the electromagnet to form a cavity.
A programmable direct-current (DC) power device was used
to produce the step current. When the output current was set
at 1.5, 3 and 4.5 A, the measured magnetic flux density at the
center of the initial position of the sample reached 56, 98 and
132 mT, respectively. The simulated magnetic field distribu-
tion was shown in figure S1 is available online at stacks.iop.
org/SMS/29/015024/mmedia. All of the correlation com-
putation processes were conducted on a commercial DIC
analyzer (PMLAB DIC-3D, Nanjing PMLAS Sensor Tech.
Co., Ltd).

The acoustic absorption property of MP-MREs sound
absorber was measured by an impedance tube device (Bswa
Technology Co., China) according to ISO 10534-2, and the
sound absorption coefficient was analyzed by the transfer
function method. The frequency range for this study was
between 250 and 1600 Hz. The impedance tube was

composed of a sound source, microphones and a sample
holder. The MP-MREs were placed in the sample holder to
ensure that the distance between samples and electromagnet
surface was 12 mm. The same magnetic field generation
method had been described as before. The diameter of MP-
MRE samples was 100 mm and thickness was varied from 0.5
to 0.75, 1 and 1.25 mm. The holes were distributed in a square
array, and the ratio of the micro-perforated area to the total
area was defined as the porosity. The porosity of the MP-
MREs was 0.5%, 1.0%, 1.5% and 2.0%, respectively.

3. Results and discussions

3.1. Characterization of MP-MREs

As shown in figures 2(a)–(d), the holes were distributed in a
square array with different spacing, and the porosity of the
samples was 0.5%, 1.0%, 1.5% and 2.0%, respectively.
Figure 2(e) showed the SEM image of a single hole.
Obviously, the diameter of the hole was about 800 μm, and
the boundary was very smooth and continuous. Besides, the
surface micrograph of MP-MRE demonstrated that the CIPs
were uniformly distributed in the PDMS matrix without sig-
nificant agglomeration phenomenon (figure 2(f)).

The storage modulus of the MP-MREs was measured by
using a rheometer. Keeping curing agent weight ratio of 1:15,
the storage modulus of MP-MREs with different porosity was
tested (figure 3(a)). With the increasing of porosity, the initial
shear storage modulus decreased firstly and then increased
gradually. The reason was that the prestress would increase
significantly with the porosity due to the constant normal
force, which could affect the initial storage modulus. With
increasing of magnetic field, the storage modulus gradually
increased and reached a steady state after the magnetic field
was larger than 600 mT. Moreover, keeping the porosity
constant, the storage modulus of the MP-MREs with different
curing agent weight ratio was investigated (figure 3(b)).
Clearly, with increasing of curing agent weight ratio, the
initial storage modulus increased, which demonstrated the
weakening of deformation capacity. Furthermore, it could be

Figure 1. Fabrication processes of MP-MREs sound absorber.
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seen the storage modulus increased with the increasing of
magnetic field, which enhanced the magnetic-induced-
stiffness.

The mechanical properties of the MP-MREs under uni-
axial tension were studied. Keeping curing agent weight ratio
of 1:15, the tensile properties of MP-MREs with different
porosity were tested at 2 mmmin−1 (figure 3(c)). Clearly,
under the low tensile strain, the stress–strain curve of all
samples was basically coincident and showed excellent elas-
ticity. Here, this phenomenon must be responded for that the
number of submillimeter holes increased slightly due to the
lower porosity. Moreover, keeping porosity of 0.5%, the
effect of curing agent weight ratio on tensile properties was
investigated (figure 3(d)). If the strain was smaller than 20%,
the tensile stress increased linearly with tensile strain, which
showed the ideal elastic deformation of samples. With
increasing of curing agent weight ratio from 1:20 to 1:10,
although the fracture strain decreased from 0.88 to 0.48, the
fracture stress increased from 0.37 to 1.62MPa. The inter-
action of PDMS molecular chains increased with the curing
agent weight ratio, the tensile strength and Young’s modulus
increased significantly, so the deformation capacity reduced.
For all samples, when the strain exceeded 20%, the stress–

strain curve gradually began to show nonlinear behavior. In
summary, the mechanical properties of MP-MREs demon-
strated good elasticity, flexibility, and stability under small
deformation.

3.2. Magnetic-induced deformation of the MP-MREs sound
absorber

As a kind of soft magnetic material, the CIPs could be easily
magnetized under the external magnetic field. According to
the classical magnetic dipole model, the relations between the
magnetic dipole moment


m and the magnetic flux density


B

could be obtained by [43]

ˆ ˆ · ( )  p
m

- = >nn m m
r

B r3
4

, 0, 1
3

0

where m0 was the permeability of vacuum, r was the radius of
the magnetic dipole and n̂ was the unit vector of r̂. When the
magnetic dipole was in gradient magnetic field, the mutual
magnetic attractive force could be obtained by [43]

( · ) ( )
  
= F m B . 2

Hence, the elastomer with the magnetic particle fillers could

Figure 2. (a)–(d) Optical images of porosity of MP-MREs; and SEM images of (e) a single hole; (f) MP-MRE.
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be deformed due to the interaction between magnetic dipole
and the external gradient magnetic field. Therefore, the MP-
MREs showed a typical magnetic-induced deformation. The
DIC method was applied to measure the magnetic-induced
deformation of the MP-MREs (figure 4(a)). A programmable
DC power device provided step currents (1.5, 3 and 4.5 A)
which generated different magnetic fields (56, 98 and 132
mT) at the center of the initial position of the sample. For
convenience, the current data during experiments were used
to represent the corresponding magnetic fields in the follow-
ing discussion.

In the initial state, the MP-MREs was vertically posi-
tioned and fixed on a 3D print holder. Then, by applying
different current to the electromagnet, the longitudinal
deformation increased firstly and then became stable. Here, a
symmetrical deformation was found under the external gra-
dient magnetic field. For the sample with porosity of 0.5%,
thickness of 1 mm and curing agent weight ratio of 1:10, the
out-plane displacements of the sample under different
magnetic field were studied (figures 4(b)–(d)). The XY axial
indicated the position of the sample during the test. The
maximum displacement varied from 2.90 to 6.31 mm under
the currents from 1.5 to 4.5 A. Obviously, the maximum out-
plane displacement occurred nearly at the center of samples
and increased significantly with magnetic field (figure 4(e)).

To further characterize the detailed deformation, the
displacement curves of X–Z plane at the center of the MP-
MRE under different magnetic field were extracted to analyze
the deformation (figure 4(f)). The results showed the out-
plane deformation was symmetrical and the maximum

occurred at the center of samples. As expected, the trend of
deformation under different current was the same. Figure 4(g)
showed the schematic diagram of the magnetic-induced
deformation behavior. According to the formula (2), with the
increasing of magnetic flux density, the attraction force
between magnetic field and CIPs increased, the PDMS further
deformed. In this case, the elastic force balanced the attraction
force.

For the MP-MREs sound absorber with the different
porosity, thickness and curing agent weight ratio, the max-
imum displacement of all samples significantly increased with
the currents from 1.5 to 4.5 A (figures 4(h)–(j)). As shown in
figure 4(h), for a constant thickness of 1 mm and curing agent
weight ratio of 1:10, with the increasing of porosity, the out-
plane displacement was basically coincident under the same
current condition. Figure 4(i) showed the effect of the
thickness on out-plane deformation. When thickness changed
from 0.5 to 1.25 mm, the maximum displacement increased
firstly and kept constant under the same magnetic field. With
increasing of curing agent weight ratio, Young’s modulus
significant increased, which significantly decreased the max-
imum displacement from 11.57 to 6.31 mm under the current
of 4.5 A (figure 4(j)).

In addition, the deformation characteristics of holes under
applying the external magnetic field were studied. Figure 5(a)
showed the digital photograph of the test system of MP-
MREs sound absorber. Since the deformation of MP-MREs
was centro-symmetric, a row of holes on a radius were
selected as observation objects to show the deformation
characteristics. Due to the good magnetic-induced

Figure 3. The storage modulus versus the magnetic flux density of (a) the MP-MREs with different porosity; (b) different curing agent weight
ratio; and the stress–strain curve of (c) the MP-MREs with different porosity; (d) different curing agent weight ratio.
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deformation properties, the sample with porosity of 0.5%,
thickness of 1 mm and curing agent weight ratio of 1:15 was
selected for further discussion.

As shown in figure 5(b), the red dotted circle was the
microporous boundary after a 4.5 A current was applied in the
electromagnet. Obviously, the microporous array was chan-
ged by translation. Moreover, the shape and size of micro-
porous array were also changed. Since the microscope was
perpendicular to the initial position of the sample, once the
MP-MRE was deformed, the circular shape observed in the
microscopic field was actually elliptical shape (figure 5(c)).
The reason was that the radial deformation was greater than

the circumferential deformation during the deformation pro-
cess. Therefore, the area of the ellipse could be calculated by
the circle size and the tilt rate of the sample. Here, the relative
area variation of the holes was defined as

( )/ /D = -S S S S S0 0 0 in which S0 was the initial area, S was
the area under the magnetic field and ΔS was area variation.
The relative area variation of holes on radius was shown in
figure 5(d). Interestingly, the minimum area variation occur-
red at the circumference near D/2, and the area variation of
the hole numbered VI on the fixed boundary was basically
unchanged. After tuning the current to 0 A, the MP-MREs
deformation recovered and the shape of holes also changed

Figure 4. (a) Schematic illustration of the digital image correlation (DIC) method; (b)–(d) The out-plane displacements of the MP-MRE with
different current from 1.5 to 4.5 A; (e) Deformation diagram of MP-MRE; (f) Displacement curves of X–Z plane passed through the center of
the circle under different magnetic field; (g) Schematic diagram of the magnetic-induced deformation behavior; (h)–(j) The maximum
displacement of MP-MREs sound absorber with different porosity, thickness and curing agent weight ratio.
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from ellipse to circle. In summary, due to the small out-plane
displacement, when the current was turned off, the MP-MREs
sound absorber recovered to the initial state, exhibited
excellent stability and reliability.

3.3. Acoustic performance of the MP-MREs sound absorber

The sound absorption properties of MP-MREs sound absor-
ber were measured by an impedance tube device (figure 6(a)).
The air cavity depth was 12 mm in impedance tube. Here,
because the sample holder covered some holes while the test
area remained unchanged, the porosity of MP-MREs sound
absorber was calculated to be decreased from 0.5%, 1.0%,
1.5% and 2.0% to 0.39%, 0.74% 1.11% and 1.48%, respec-
tively. Figure 6(b) showed the sound absorption property of
the MP-MRE and pure MRE. Obviously, MP-MRE sound
absorber had wider frequency range of absorption and higher
sound absorption coefficient than the MRE. Due to the
magnetic-induced deformation of the MP-MREs sound
absorber, its resonant frequency was changeable under
applying the magnetic field. For the sample with porosity of
0.39%, thickness of 1 mm and curing agent weight ratio of
1:10, the sound absorption properties of the sample under
different magnetic field were shown in figure 6(c). Here the
variation of the resonant frequency was defined as
D = -f f fI 0 in which f0 was initial resonant frequency under
the 0 A, fI was the corresponding resonant frequency under
the magnetic field.

Figures 6(d)–(f) showed the sound absorption property of
the MP-MREs sound absorber under various testing para-
meters. Clearly, the MP-MREs sound absorber significantly
reduced the acoustic noise nearly the resonant frequency.
Since the micro-perforated structure, when the acoustic wave
flowed into the interior of the submillimeter hole, it would
lead to the vibration of air. Due to the frictional and viscous
resistance, the acoustic energy would be transformed into

thermal energy [14]. When the frequency of the incident
acoustic wave was close to the resonant frequency, the
vibration velocity and amplitude of the air column and the
sound energy dissipation significantly increased, thus the
sound absorption coefficient reached the maximum value.
Conversely, when the frequency of the sound wave was far
from the resonant frequency, the vibration of the air in the
system was reduced, so the sound absorption coefficient
decreased. The sound absorption coefficient varied with the
frequency of applied acoustic wave, and the maximum
absorption coefficient appeared at the resonant frequency of
the system.

Furthermore, the porosity of the MP-MREs sound
absorber played an important role in the resonant frequency.
For a constant thickness of 1 mm and curing agent weight
ratio of 1:10, with the increasing of the porosity, the resonant
frequency of MP-MREs sound absorber moved toward high
frequency region and the width of the frequency band were
increased. The sound absorption peaks were 0.908, 0.992,
0.993 and 0.969, which occurred at 704 Hz, 952 Hz, 1150 Hz
and 1328 Hz, respectively. In addition, with increasing of the
thickness, the resonant frequency and maximum absorption
coefficient were significantly decreased. Keeping the porosity
(0.39%) and curing agent weight ratio (1:10) as constant, they
changed from 0.992 at 864 Hz to 0.878 at 634 Hz due to the
increased acoustic resistance with the thickness [44]. At last,
the influence of the curing agent weight ratio on the sound
absorption property of MP-MREs absorber was also investi-
gated. The results showed the resonant frequency of MP-
MREs absorber was barely affected by the curing agent
weight. For a constant porosity of 0.39% and thickness of
1 mm, the maximum absorption coefficient of samples was
about 0.972 at 792 Hz.

Additionally, the resonant frequency of all MP-MREs
sound absorber was significantly affected by magnetic field.
With the increasing of the current from 0 to 4.5 A, the

Figure 5. (a) The test system of MP-MREs sound absorber; (b) Optical images of a row of holes on a radius; (c) Schematic illustration of the
difference of the actual elliptical and the circular shape seen in the field of view; (d) The relative area variation of holes.
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resonant frequency gradually moved toward high frequency
region, thus Df was increased from 18 to 304 Hz
(figures 6(g)–(i)). A mechanism was proposed to investigate
the mechanic-magnetic-acoustic coupling properties of the
MP-MREs sound absorber (figure 7(a)). The magnetic inter-
action force between the MP-MREs and electromagnet was
increased with the current, then the MP-MREs was forced to
deform. In this case, the air cavity volume was decreased.
Because the effect of air cavity on the sound absorption

property was similar to the thickness, the resonant frequency
moved toward high frequency region with the decreasing of
the cavity. Besides, the shape and area of the holes were also
slightly changed during the deformation process. However,
the incident sound wave was perpendicular to the vertical
plane, and the projection of the hole on the vertical plane was
still circular whose area variation was small. Thus, the effect
of the shape change of the holes on the variation of the
resonance frequency could be negligible. The variation

Figure 6. (a) Schematic illustration of the measurement system based on impedance tube; (b) The measured sound absorption property of the
MP-MRE and pure MRE; (c) The measured sound absorption property of the MP-MRE sound absorber under the different current; (d)–(f)
The measured sound absorption property of the MP-MREs sound absorber with different porosity, thickness and curing agent weight ratio;
(g)–(i) The variation of resonant frequency of MP-MREs sound absorber with different porosity, thickness and curing agent weight ratio
under the different magnetic field.
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tendency ofDf with the current was similar with the result of
the magnetic-induced deformation (figures 4(h)–(j)). More-
over, under the same current, Df was slightly increased with
porosity and significantly increased with the decrease of
curing agent weight ratio (figures 6(g), (i)). That was because
the elastic modulus slightly decreased with the increase of
porosity, and the cross-link density of PDMS matrix gradu-
ally increased with curing agent content. As a result, it can be
concluded that the MP-MREs sound absorber had a tunable
sound absorption property by manipulating the magn-
etic field.

Compared with traditional MPP sound absorber, the MP-
MREs sound absorber provided a new method to change the
resonant frequency of sound absorber. Figure 7(a) showed the
schematic of different control methods to change the resonant
frequency. According to Maa’s theory, when the sound
absorption coefficient was half the maximum, the corresp-
onding frequency f1 and f2 were the half absorption fre-
quencies. The frequency range = -f f fr 2 1 was called the
frequency bandwidth of absorption [7]. As shown in
figure 7(b), the length values of the solid line corresponded to
the bandwidth under the varied magnetic field. In order to
obtain the same sound absorption bandwidth, the corresp-
onding experiment results were conducted with the different
cavity depth by changing the cavity depth from 12 to 7 mm.
Therefore, the MP-MREs sound absorber could be a tunable
sound absorber to change the resonant frequency con-
veniently by applying different magnetic field.

In practical applications, the initial resonant frequency of
the MP-MREs sound absorber should be qualitatively
designed. Due to the same submillimeter hole structure, the
classic formula of MPP absorber could be used to simulate the
sound absorption property of MP-MREs absorber without
external gradient magnetic field. According to Maa’s theory,
the acoustic impendence could be expressed as [44]
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here, k was the perforation constant, d was the diameter of the
submillimeter hole, w was the angular frequency, r0 was the
density of air, h was the coefficient of viscosity, t was the
panel thickness, s was the porosity and c was the velocity of
sound. When the MPP and the air cavity behind it were
combined into an MPP absorber, the sound absorption coef-
ficient could be expressed as [44]

( ) ( ( ))
( )

/
a

w w
=

+ + -
r

r m D c

4

1 cot
, 4

2
0

2

where, r and wm were the real and imaginary parts of the

Figure 7. (a) Schematic of magnetic control method and conventional mechanical control method about how to change the resonant
frequency; (b) The sound absorption bandwidth with the different magnetic field and cavity depth.
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acoustic impendence Z, which could be calculated by the
equation (3). Thus, the theoretical absorption property of MP-
MREs sound absorber was calculated by equation (4) with
different porosity and thickness.

Figure 8 showed the theoretical result with dotted line
and experimental result with solid line. Obviously, the
experiment value was close to the theoretical resonant fre-
quency and the maximum error was 4.6%. However, the
maximum absorption coefficient had relatively large differ-
ence and the maximum deviation was 24.4%. According to
the classic Maa’s theory, the panel was assumed to be rigid
and then the panel vibration could be ignored, and this case
led to the deviation between theoretical and experimental
data. However, the MP-MREs sound absorber which was
based on larger width-thickness ratio and low PDMS matrix
modulus could be regarded as a flexible panel, which led to
the decrease of the resonant frequency. Therefore, the classic
Maa’s theory could be used for qualitatively describing and
estimating the sound absorption properties of MP-MREs
sound absorber without magnetic field. It demonstrated that
the initial resonant frequency of MP-MRE sound absorber
could be flexibly designed by theory within a specified range
of error.

4. Conclusion

In summary, a novel tunable sound absorber with simple
structure, wide frequency range of absorption, and tunable
resonant frequency was developed based on the MP-MREs.
The MP-MREs were demonstrated to have good stretch-
ability, flexibility and stability under tensile loading. By
applying magnetic field, the magnetic-induced deformation of
MP-MREs sound absorber increased significantly. Besides,
the effect of porosity, thickness and curing agent weight ratio
was investigated as well. Furthermore, with the increasing of
current, the resonant frequency of MP-MREs sound absorber
moved toward high frequency region, and variation of reso-
nant frequency was significantly increased, which indicated
MP-MREs sound absorber could serve as a tunable sound
absorber. Finally, the good magnetic-mechanical-acoustic
coupling performance made MP-MREs sound absorber as a

prospective sound absorbing structure and provide a new
control method for resonance sound absorber devices.
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