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Effects of Core Topology on Sound Insulation Performance
of Lightweight All-Metallic Sandwich Panels

F. X. Xin and T. J. Lu

State Key Laboratory for Strength and Vibration, School of Aerospace, Xi’an Jiaotong University, Xi’an, China

An analytical study of sound transmission through all-metallic, two-dimensional, periodic sandwich structures having corrugated core is
presented. The space-harmonic method is employed, and an equivalent structure containing one translational spring and one rotational spring per
unit cell is proposed to simplify the analysis of the vibroacoustic problem. It is demonstrated that the core geometry exerts a significant effect on
the sound insulation performance of the sandwich, so that one may tailor the core topology for specified acoustic applications. Subsequent analysis
of the sound transmission loss (STL) and dispersion curves of the structure leads to fundamental insight into the physical mechanisms behind the
appearance of various peaks and dips on the STL versus frequency curves. As the weight, stiffness, and acoustic property of the sandwich structures
all change with the alteration of core configuration and geometry, it is further demonstrated that it is possible to explore the multifunctionality of
the structure by optimally designing the core topology.

Keywords Corrugated core; Optimal design; Sandwich panel; Sound transmission loss.

Introduction

Lightweight sandwich structures comprising two
facesheets and an (fluid through) open core have attractive
structural load-bearing and heat-dissipation attributes [1, 2],
and hence have found increasingly wide applications
in high-speed transportation, aerospace and aeronautical
aircrafts, ships, and other transportation vehicles where
weight saving is of major concern [3–20]. Amongst these
applications, an important issue is noise transmission from
exterior of cabin into the interior, inasmuch as that has
a particular significance for the safety and comfort of
civil or military vehicles. However, to date, only a few
investigations have focused on the fluid-structural coupling
and dynamic responses of the sandwich structure as well as
the physical mechanisms of sound transmission across the
structure (see, e.g., [3, 4]).
A typical lightweight all-metallic sandwich panel is that

shown in Fig. 1 which has found successful applications
in modern express locomotive and ship constructions. The
main attractiveness of this type of sandwich is its simple
2-dimensional (2D) corrugated core, which can be either
connected to the facesheets via laser welding or formed
together with the facesheets as one integral structure using
the method of extrusion. In addition to carry structural
loads, the openness of the corrugated core also allows
the sandwich to be used as an effective heat dissipation
medium, either separately or simultaneously [21, 22]. For
practical applications such as express locomotives and ships,
however, it is also necessary to investigate the sound
insulation capability of the sandwich structure, especially
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the influence of core geometry on sound transmission
across the structure. This task is performed in the current
study. Together with load-bearing and/or heat-dissipation
properties, the knowledge thus acquired on sound insulation
capability would be useful for the design and manufacture
of sandwich structures having corrugated cores.
Extensive investigations over the past decades have been

dedicated to studying the sound insulation performances of
periodic beams [24, 25], single plates [26–28], and double-
panels with air cavity [29–38], or structural connections
[31, 39–56]. For example, the sound transmission loss
(STL) of a structure containing two impervious layers,
an air space, and two acoustical blankets was studied by
Beranek et al. [31] for normal incident sound. London
[32] studied that the transmission of sound across a double
wall consisting of two identical single walls coupled by an
airspace by considering the impedance of a single wall, and
achieved good agreement between model predictions and
experimental measurements. The problem of transmission
of a plane wave through two infinite parallel plates
connected by periodical frames was solved by Lin and
Garrelick [40], while that for an infinite sandwich panel
with a constrained viscoelastic damping layer was analyzed
by Narayanan and Shanbhag [50]. Takahashi [41] studied
the problem of sound radiation from periodically connected
(e.g., point connected, point connected with rib-stiffening,
and rib-connected) infinite double-plate structures excited
by a harmonic point force. Using the multiple-reflection
theory, Cummings et al. [29] investigated random incidence
transmission loss of a thin double aluminum panel with glass
fiber absorbent around the edge of the cavity. Mathur et al.
[57] investigated the STL through periodically stiffened
panels and double-leaf structures, and proposed a theoretical
model using the space-harmonic method. Lee and Kim [39]
solved the vibroacoustic problem of a single stiffened plate
subjected to a plane sound wave using the space-harmonic
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Figure 1.—Illustration of a typical sandwich panel with corrugated core [13,
23] (color figure available online).

approach proposed by Mead and Pujara [25]. Wang et al.
[42] extended the space-harmonic approach to double-leaf
partitions stiffened by periodic parallel studs, and provided
detailed physical interpretations for the mechanisms of
sound transmission through the structure. However, few
studies have addressed the issue of sound transmission
across 2D sandwich structures with corrugated core.
The purpose of the present article is to analytically study

the sound insulation performance of all-metallic sandwich
structure with corrugated core as shown in Fig. 1, with
focus placed upon the influence of core geometry as well
as the physical insight of the associated vibroacoustic
phenomena. In Section 2, the theoretical development of the
acoustic model is presented. Based on model predictions, the
effects of core geometry on the vibroacoustic performance
of the sandwich are quantified in Section 3.1. Physical
interpretations of the appearances of various peaks and dips
on STL versus frequency curves are presented in Section 3.2.
Finally, the article concludes with a summary of current
findings and a suggestion of future investigations required
for multifunctional design of the sandwich.

Development of theoretical model

The transmission of sound through an infinite (in x-
and z-directions) 2D sandwich panel with corrugated core
is schematically illustrated in Fig. 2. A harmonic sound
wave (with angular frequency �� impinges on the left-side
facesheet with incidence angle �. Whilst part of the sound
is reflected back, the remaining portion transmits into the
right-side of the sandwich panel via two paths: corrugated
core as structural route and air cavity as airborne route.
The sandwich panel with corrugated core is modeled as
two parallel plates (facesheets) structurally connected by
uniformly distributed (equivalent) translational springs and
rotational springs, and the mass of the core is considered
as lumped mass attached to the two facesheets, as shown
in Fig. 2. Due to periodicity, a unit cell of the sandwich
structure is shown in Fig. 3(a), whereas its equivalent
structure is presented in Fig. 3(b). For simplicity, the
facesheets and the core are both made of aluminum,
and have geometrical and material properties as follows:
core thickness t0 and depth l, panel thickness h1 and
h2 (subscripts “1” and “2” denote left- and right-side
facesheets, respectively), unit cell length L, inclination
angle between panel and core sheet ±�, Young’s modulus
E, and Poisson ratio �.

Figure 2.—(a) Side view of sandwich panel with corrugated core. (b)
Schematic of equivalent structure for space-harmonic modeling [13, 23].

Figure 3.—(a) Unit cell of sandwich panel with corrugated core. (b)
Equivalent unit cell [13, 23].

With the assumption of small deflections, the stiffness of
the translational spring KF and the stiffness of the rotational
spring KM per unit length can be obtained analytically
(details can be found in Xin et al. [13]). Let the surface
density of the left- and right-side facesheets be denoted
by m1 and m2, respectively. The mass of the core for one
unit cell is 2M , which is equivalent to two lumped mass
M separately attached to the inner surfaces of the two
facesheets [Fig. 3(b)]. Under these conditions, the governing
equations for the vibration of the sandwich structure may
be written as [13, 23]:

D1

�4w1�x� t�

�x4
+
(
m1 +

M

L

)
�2w1�x� t�

�t2

+ KF�w1�x� t�− w2�x� t��

− KM

�2

�x2
�w1�x� t�− w2�x� t��

− j�	0�
1 −
2� = 0� (1)
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D2

�4w2�x� t�

�x4
+
(
m2 +

M

L

)
�2w2�x� t�

�t2

+ KF�w2�x� t�− w1�x� t��

− KM

�2

�x2
�w2�x� t�− w1�x� t��

− j�	0�
2 −
3� = 0� (2)

where 	0 is air density, wi �i = 1� 2� are the transverse
deflections of the two facesheets, j = √−1, and 
i (i =
1� 2� 3� is the velocity potential of the acoustic field [see
Fig. 2(b)] which is related to the corresponding velocity
by ûi = −�
i. With the loss factor of facesheet material
denoted by �i, the flexural rigidity of the facesheet Di �i =
1� 2� can be written using complex Young’s modulus Ei�1+
j�i�, as

Di =
Eih

3
i �1+ j�i�

12�1− v2i �
 (3)

The velocity potentials of acoustic fields, i.e., the incident
field, the air cavity field in between the two facesheets, and
the transmitted field [Fig. 2(b)] are separately defined as
follows [13, 23, 42]:


1�x� y� t� = Ie−j�kxx+kyy−�t�

+
�∑
−�

�ne
−j��kx+2n�/L�x−kyny−�t�� (4)


2�x� y� t� =
�∑
−�

�ne
−j��kx+2n�/L�x+kyny−�t�

+
�∑
−�

�ne
−j��kx+2n�/L�x−kyny−�t�� (5)


3�x� y� t� =
�∑
−�

�ne
−j��kx+2n�/L�x+kyny−�t�� (6)

where I and �n are the amplitudes of the incident (i.e.,
positive-going) sound wave and the reflected (i.e., negative-
going) sound wave, respectively. Similarly, symbols �n and
�n represent separately the amplitude of the positive-going
wave and the negative-going wave in the air cavity field.
In the transmitted field, there is no negative-going waves,
thus the velocity potential is only for transmitted wave with
amplitude �n.
The wavenumbers kx and ky appear in Eqs. (4) to (6) are

determined by sound incidence angle �, as

kx = k sin �� ky = k cos �� (7)

where k = �/c0, c0 is sound speed in air, and kyn is the
wavenumber in the y-direction, defined as [13]

kyn =
√(�

c

)2 − (
kx +

2n�
L

)2

� (8)

when �/c < �kx + 2n�/L�, the pressure waves become
evanescent waves and, correspondingly, kyn is given by

kyn = j

√(
kx +

2n�
L

)2

−
(�
c

)2
 (9)

For harmonic sound excitations of the infinitely large
and periodic sandwich structure, the deflections of the two
facesheets can be expressed as [13, 42]

w1�x� t� =
�∑

n=−�
�1�ne

−j�kx+2n�/L�xej�t� (10)

w2�x� t� =
�∑

n=−�
�2�ne

−j�kx+2n�/L�xej�t (11)

At the interface of the air and the facesheet, the continuity
of velocity should be satisfied, i.e., the normal velocity of
the facesheet matches with that of its adjacent air particle:

−�
1

�z
= j�w1� −�
2

�z
= j�w1� at y = 0� (12)

−�
2

�z
= j�w2� −�
3

�z
= j�w2� at y = H (13)

Substitution of Eqs. (4) to (6), Eqs. (10) and (11) into
Eqs. (12) and (13) leads to

�0 = I − ��1�0/ky� (14)

�n = −��1�n/kyn� when n �= 0� (15)

�n =
�
(
�2�ne

jkynH − �1�ne
2jkynH

)
kyn

(
1− e2jkynH

) � (16)

�n =
�
(
�2�ne

jkynH − �1�n

)
kyn

(
1− e2jkynH

) � (17)

�n = ��2�ne
jkynH/kyn (18)

Substituting Eqs. (4) to (6), Eqs. (10) and (11) into the
governing equations, and incorporating Eqs. (14) to (18),
one obtains [13][
D1

(
kx +

2m�

L

)4

−m1�
2 − 2j�2	0e

jkynH

kyn
(
1− e2jkynH

)]�1�m

+ Kt − �2M

L

( �∑
n=−�

�1�n

)

+ Kr

L

[ �∑
n=−�

�1�n

(
kx +

2n�
L

)](
kx +

2m�

L

)

− Kt

L

( �∑
n=−�

�2�n

)
− Kr

L

[ �∑
n=−�

�2�n

(
kx +

2n�
L

)]
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×
(
kx +

2m�

L

)
+ 2j�2	0e

jkynH

kyn
(
1− e2jkynH

)�2�m

=
{
2j�2	0I� m = 0

0� m �= 0
(19)[

D2

(
kx +

2m�

L

)4

−m2�
2 − 2j�2	0e

jkynH

kyn
(
1− e2jkynH

)]�2�m

+ Kt − �2M

L

( �∑
n=−�

�2�n

)

+ Kr

L

[ �∑
n=−�

�2�n

(
kx +

2n�
L

)]

×
(
kx +

2m�

L

)
− Kt

L

( �∑
n=−�

�1�n

)

− Kr

L

[ �∑
n=−�

�1�n

(
kx +

2n�
L

)](
kx +

2m�

L

)

+ 2j�2	0e
jkynH

kyn
(
1− e2jkynH

)�1�m = 0 (20)

where the unknown coefficients �1�n and �2�n can be
obtained by simultaneously solving the above algebraic
equations. Once these coefficients are known, parameters
�n, �n, �n, �n can be obtained by applying Eqs. (14) to (18).
Finally, the power transmission coefficient is defined as

the ratio of incident sound power to transmitted sound power
[13, 23], as

� ��� =
∑�

n=−� ��n�2 Re
(
kyn
)

�I �2 ky
 (21)

Correspondingly, the sound transmission loss (STL) is
defined in decibel scale as

STL = −10 log10 � (22)

Numerical results and discussions

Numerical simulations are performed in this section to
investigate the effects of core topology (determined by
inclination angle � between facesheet and core sheet) on the
sound insulation performance of an all-metallic sandwich
panel with corrugated core. In the subsequent analysis of the
core topology effects on STL (i.e., Section 3.1) and optimal
design (i.e., Section 3.3), the two sound transmission routes
(i.e., airborne route and structure-borne route) are both
considered, just as the theoretical model previously derived.
However, to avoid the singularity problem in mathematics,
the physical interpretations for the existence of peaks and
dips in STL curves in Section 3.2 neglect the airborne route
of sound transmission and only consider the predominant
structural route, so that a clear understanding of the peaks
and dips can be obtained. The structural dimensions and

Table 1.—Structural dimensions and material properties.

Descriptions Values

Material properties (aluminum)
Young’s modulus E = 70GPa
Density 	 = 2700kg/m3

Poisson ratio � = 033
Loss factor � = 001

Air properties
Density 	0 = 121kg/m3

Sound speed c0 = 343m/s
Structural dimensions

Core depth l = 215mm
Core sheet thickness t0 = 1mm
Facesheet thickness h1 = h2 = 2mm

material properties of the panel used in the numerical
investigations are presented in Table 1.

Effects of Core Topology on Sound Transmission Across
the Sandwich Structure
To highlight the effects of core topology on sound

transmission across the sandwich structure, the inclination
angle � is systematically varied while all other parameters
are held constant. The STL values numerically calculated
with the space-harmonic method are plotted as functions of
frequency in Fig. 4 for selected values of �: 20�, 30�, 45�,
and 60�. Due to the similar qualitative aspect of the STL
versus frequency curves for different incidence angles [39]
and for the purpose of sufficiently exciting the structural
vibration modes, the sound incident angle is fixed at � =
45�.
At frequencies corresponding separately to the “mass-

air-mass” resonance, the standing-wave resonance, the
“coincidence” resonance, and the structure natural
resonance, the sandwich structure vibrates intensely. This
significantly decreases the sound insulation capability of
the structure, resulting in the existence of various dips
in Fig. 4. The “mass-air-mass” resonance appears in the
process of sound transmission through a “panel-air-panel”
type structure, at which the two panels move in opposite
phase, with the air in between bouncing like springs.
This resonance is active only when the frequency of the
incident sound matches the natural frequency of the “mass-
air-mass” resonance. Similarly, the acoustic standing-wave
resonance is also a feature of the “panel-air-panel” type
structure, which occurs when the air cavity depth is integer
numbers of the half-wavelengths of incident sound. The
“coincidence” frequency is relevant to the condition that
the trace wavelength of the incidence sound matches the
wavelength of bending wave in the facesheet. For the
sandwich panel considered here, when sound is normally
incident, the mass-air-mass resonance occurs at around
280Hz, the first order standing wave resonance occurs at
about 8000Hz, while the critical frequency beyond which
the coincident resonance will occur is around 6000Hz (in
comparison, the coincidence frequency is about 12000Hz
for a typical sound incidence with angle � = 45�). In
addition, due to the complexity and periodicity of the
sandwich structure as well as fluid-structural coupling, the
“mass-air-mass” resonance, the standing-wave resonance,
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the “coincidence” and the structure natural resonance are
mutually coupled, creating a series of peaks and dips on the
STL curves as shown in Fig. 4. A more detailed physical
interpretation for the existence of those peaks and dips in
structure-borne STL curves which are associated with the
structure natural resonance only is presented in the next
section.
It can be seen from Fig. 4 that the geometry of the

corrugated core plays a significant role in the process of
sound transmission through the sandwich. As the inclination
angle is increased, not only the peaks and dips of the STL
versus frequency curve are all shifted to higher frequencies,
but also the smooth range of the curve at lower frequencies
is stretched towards higher frequencies. The primary reason
is that the change of inclination angle alters the equivalent
stiffness of the translational and rotational springs as well
as the unit cell length (see Xin et al. [13]), and hence
the vibroacoustic behavior of the whole sandwich structure
is changed. In other words, the sandwich structure with
corrugated core can be regarded as a structure with inherent
vibroacoustic properties that can be favorably altered by
tuning its core geometry in terms of factual application
requirements.

Physical Interpretation for the Existence of Peaks and
Dips on STL Curves
The corrugated core in-between the two facesheets

stiffens the sandwich structure for enhanced load bearing
capability. However, its existence adds one structural route
for sound propagation, resulting in the decrease of STL and
the intense peaks and dips on STL versus frequency curves
relative to double-leaf panel structures with air cavity. These
peaks and dips caused by the core geometry as well as
periodicity of the sandwich structure have a significant
effect on its sound insulation performance, so it is necessary
to explore their physical origins.

Figure 4.—STL of sandwich panels with different inclination angles (as shown
in Fig. 2) in the case of incidence angle � = 45�.

As mentioned above, the appearance of dips on
STL curves is attributed to the effects of vibroacoustic
resonances, the most likely being the familiar “coincidence”
resonance discussed in the previous section. Whilst the
bending waves induced by the incident sound transmit in
the facesheet, the reflected waves from the core sheets
also act on the facesheet, which thence generate multiple
possibilities for the wavenumbers of the two waves
matching and coinciding with each other. To emphasize
the main effects and investigate how the “fake coincidence
resonances” affect STL curves, material damping is ignored
here, and only the panel-core-panel route for wave
transmission is considered. Furthermore, for simplicity, the
coupling effects of air cavity between the two facesheets
are ignored, and the mass and the equivalent rotational
stiffness of the corrugated core are not taken into account.
These assumptions are generally reasonable inasmuch as the
structural coupling of the corrugated core is much stronger
than the acoustic coupling of air cavity and the rotational
stiffness of the core has a negligible effect with respect
to its translational stiffness. The governing equations for
facesheet vibration can, therefore, be simplified as

D1

�4w1�x� t�

�x4
+m1

�2w1�x� t�

�t2

+ KF�w1�x� t�− w2�x� t�� = 0� (23)

D2

�4w2�x� t�

�x4
+m2

�2w2�x� t�

�t2

+ KF�w2�x� t�− w1�x� t�� = 0 (24)

As shown in Fig. 2(b), the equivalent of the sandwich
structure with corrugated core is a symmetrical construction.
The transmission of bending wave in the structure can be
divided into two parts. One is the symmetrical vibration
of the construction, in which the two facesheets move
in opposite phase, both in or both out at the same time,
analogous to the “breathing” motion of animals. Here, the
corrugated core has a strong constraint influence on the two
facesheets. The other is antisymmetric motion, in which the
structure vibrates in step (the two facesheets move in the
same phase) with the core carried by the facesheets. In this
case, the core exerts no constraint on the movement of the
facesheets. In other words, the sandwich structure vibrating
in antisymmetric motion can be considered as a single panel
in movement.
As for the antisymmetric motion, it can be observed that

its dispersion curve [dash-dot line shown in Fig. 5(a)] is
a continuous parabola, so sinusoidal vibration waves with
any frequency can transmit along the length direction in
the sandwich panel. While the periodic corrugated core
in-between the facesheets has a significant effect on the
dispersion relation of the construction for symmetrical
motion, whose dispersion curves (calculated with the
transfer matrix method proposed by Mead [24]) consist
of a series of periodic distributions of “pass-band” and
“stop-band.” At the frequency range corresponding to the
“pass-band,” for a given frequency there exist infinite
wavenumbers that are relevant to this frequency: the
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Figure 5.—(a) Normalized wavenumber versus frequency. Solid line: “pass-
band” of symmetrical motion; dash-dot line: dispersion curve of antisymmetric
motion; dash line: dispersion curve corresponding to incident sound at � =
±90�, with the wedge bounded in between the two lines called sound radiation
area; short dash line: dispersion curve corresponding to incident sound at
� = 45�. (b) Real part of normalized wavenumber versus frequency curve [i.e.,
“folding” version of Fig. 5(a)]. Solid line: dispersion curve of symmetrical
motion; dash-dot line: dispersion curve of antisymmetric motion; dash line:
dispersion curve corresponding to incident sound at � = 90�; short dash line:
dispersion curve corresponding to incident sound at � = 45�. (c) Relevant STL
curve. Shading area: “stop-band”; blank area: “pass-band”.

traveling wave identified by the correlative frequency and
wavenumber can transmit along the length direction in the
structure without any attenuation. Whereas, in the areas of
“stop-band,” there is no wavenumber relevant to a given
frequency: the bending waves transmitting in the structure
with these frequencies are quickly evanescent in exponent
form along the length direction in the structure. These “pass-
bands” and “stop-bands” are primary responsible for the
appearances of peaks and dips on the STL versus frequency
curves shown in Fig. 4.
Note that the short dash line in Fig. 5(a) represents

the dispersion relation for incident sound with angle � =
45� and two dash lines represent the dispersion curve
for incidence sound with angle � = ±90�, respectively.
Thus the wedge bounded in between the two lines is
the frequency/wavenumber area in which a wave in the
sandwich structure can radiate sound.
It can be observed from Fig. 5(a) that there is no

intersection between the dispersion curve of antisymmetric
motion and the sound radiation area, implying that the
antisymmetric motion caused by the incident sound cannot
reach enough intensity to radiate sound waves except at
the coincidence frequency. For the symmetrical motion
of the sandwich, however, there are intersections of the
dispersion curve for sound wave with a certain incidence
angle, one per pass band. At the frequencies corresponding
to these intersections, the incident sound can excite structure
vibration strong enough to radiate sound, causing the
appearance of STL dips, as shown in Figs. 5(b) and (c).
Actually, Fig. 5(b) is the “folding” version of Fig. 5(a) in
the range from 0 to 1. As a compact diagram, this fold
manipulation is often employed in theoretical studies of
sound propagation across periodic structures [23]. The STL
versus frequency curve of the simplified problem (in which
the mass and rotational stiffness of the core as well as
air cavity coupling effects are all ignored) is presented in
Fig. 5(c) using the same frequency scale as Figs. 5(a) and
(b). It can be readily seen that the intersections labeled by A,
B, and C in Fig. 5(b) correspond with the STL dips labeled
by the same symbols in Fig. 5(c).
The intersections labeled by A′ and B′ in Fig. 5(b) are

closely related to the two steep peaks in Fig. 5(c). With
reference to Fig. 5(a), the intersections A′ and B′ do not
really exist, whose appearances are owing to the “folding”
manipulation from Fig. 5(a) to Fig. 5(b). However, at
the frequencies corresponding to these intersections, the
transverse deflection of the vibratory facesheet only takes
two terms in Eq. (10): one for the driven term n = 0, and
the other in accord with the resonance condition [obtained
from Eq. (23)] of the driven facesheet [42]:

D1 �kx + 2N�/L�4 −m1�
2 = 0 (25)

The transverse deflection of the facesheet is a summation
of these two terms, namely,

W1 = Ij�	0e
−j�kxx−�t�

[
1− e−j2N�x/L

D1k
4
x −m1�

2

]
 (26)

It can be obtained from Eq. (26) that the joints which
connect the equivalent springs and the driven facesheet are
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just the nodal points of standing wave in the facesheet.
Consequently, the joints have no displacement and the
springs do not transfer any force to the other facesheet. As
a result, there is no sound radiation because the radiating
facesheet is stationary without any movement. Naturally,
at these frequencies relevant to the “fake” interactions in
Fig. 5(b), the sharp peaks on the STL curve will occur.

Optimal Design for Combined Sound Insulation and
Structural Load Capacity
It has thus far been demonstrated that core topology

play a significant role in the sound insulation performance
of the sandwich structure. Similarly, the structural load
capacity of the sandwich is also strongly dependent
upon the core geometry [1, 58]. It is therefore of
interest to investigate the role of core geometry when
the acoustic and structural properties of the sandwich
structure are considered simultaneously. To this end, several
dimensionless parameters are introduced.
The first dimensionless parameter introduced is the

normalized mass of the sandwich (i.e., ratio of the mass of
one unit cell to that of the solid filling the whole volume of
the unit cell):

m̄ = �h1 + h2� L+ 2lt0/ sin�
L �l + h1 + h2�

 (27)

As the core for a load-bearing sandwich panel, the in-
plane shear modulus is the most important, due to the
fact that upon loading the panel deflects as a result of
combined bending and shear deformation [1]. The in-plane
shear modulus G of the corrugated core can be calculated
following Eq. (35) in Ref. [58], and normalized as

G̃ = G

E
 (28)

Together with the above defined dimensionless
parameters and the sound insulation index STL, an
integrated index for optimal design towards a lightweight
sandwich with superior load-bearing and sound isolation
properties may be defined as

�SGM = STL× G̃

m̃
 (29)

Note that STL, G̃, and m̃ are all functions of inclination
angle � of the corrugated core.
Figure 6 plots �SGM as a function of frequency for selected

core inclination angles (20�, 30�, 45�, 60�, and 70�), with
the sound incidence angle fixed at � = 45�. It is seen from
Fig. 6 that when the inclination angle � is smaller than 45�,
the index �SGM increases with the increase of �, whereas
in the range of 45� < � < 60� the index �SGM maintains
the same value over a wide frequency range, except for
discrepancies at frequencies higher than 3× 103 Hz. As the
inclination angle is increased beyond 60�, the magnitude
of �SGM decreases. Note that the higher the index �SGM is,
the more superior of the combined acoustic and structural

Figure 6.—Tendency plot of �SGM versus frequency for selected core
inclination angles (as shown in Fig. 2) for fixed sound incidence angle of
� = 45�.

performance of the sandwich will be. Therefore, it can
be concluded from Fig. 6 that a core inclination angle in
the range of 45� to 60� is the preferred selection for the
sandwich structure.

Conclusion

The influence of the core topology on the sound
insulation capability of a two-dimensional periodic
sandwich configuration with corrugated core is theoretically
analyzed by the space-harmonic method. In the theoretical
model, an equivalent structure containing one translational
spring and one rotational spring per unit cell is proposed to
simplify the analysis of the vibroacoustic problem. Obtained
results demonstrate that the core topology significantly
influences the sound insulation performance of the structure,
so that one may tailor the core topology for specified
acoustic applications. Subsequent analysis of the STL
and dispersion curves of the sandwich structure leads to
fundamental insight into the physical mechanisms behind
the appearances of various peaks and dips on the STL curves.
As the inclination angle between the facesheet and the

core sheet is increased, the peaks and dips on STL curves are
shifted towards higher frequencies, the STL values increase
on the whole, while the smooth portion of the STL curve in
low frequencies is stretched longer.
For a given incident sound angle, the STL dips occur

at frequencies corresponding to the interactions between
the dispersion curve and the symmetrical motion of the
structure. The peaks on STL occur because the junctions
which connect the equivalent springs and the driven
facesheet are just the nodal points of the standing bending
wave traveling in the incident facesheet.
As the weight, stiffness, and acoustic property of the

sandwich structures all change with the alteration of core
configuration and geometry, it is possible to explore the
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multifunctionality of the structure by optimally designing
the core topology.
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