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Abstract

Constrained layer dampers (CLD) are in widespread use for passive vibration damping, in applications including
aerospace structures which are often lightweight. The location and dimensions of CLD devices on structures has been
the target of several optimisation studies using a variety of techniques such as genetic algorithms, cellular automata,
and gradient techniques. The recently developed double shear lap-joint (DSLJ) damper is an alternative method for
vibration damping, and can be placed internally within structures. The performance of the DSLJ damper is compared
in a parametric study with that of CLD dampers on beam and plate structures under both cantilever and simply sup-
ported boundary conditions, using finite element analysis. The objective was to determine which damper and in which
configuration produced the highest modal loss factor and amplitude reduction for least added mass, as would be im-
portant for lightweight applications. The DSLJ tend to be more mass efficient in terms of loss factor and amplitude
reduction for cantilevered beam and plate structure, and are competitive with CLD dampers in simply supported beam
and plate structures. The DSLJ works well because it has the potential to magnify global flexural deformation into shear
deformation in the viscoelastic more effectively than traditional CLD dampers.
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1. introduction

Sandwich structures are widely used in the aerospace,
aeronautical and automotive industries for their high strength
and stiffness-to-mass ratio [1]. These environments are of-
ten vibration rich, which can make fatigue problematic, re-
duce fuel efficiency, and adversely affect passenger comfort.
A common mitigation technique is to damp vibrations via
methods such as constrained layer dampers (CLD), which
consist of a thin layer of viscoelastic material adhered to
the vibrating structure and a constraining stiff layer on
its surface. This arrangement constrains the viscoelastic
layer to deform in shear and at relatively higher strain
thereby efficiently dissipating vibration energy as heat [2].
Recently, the damping properties of load bearing struc-
tures have been enhanced by inserting viscoelastic ma-
terial in constructs that constrain it in shear and there-
fore maximise the loss mechanism. Star-shaped inclusions
filled with viscoelastic material [3], elastomer inserts at the
acute vertices of a auxetic honeycomb cell [4] and viscoelas-
tic ligament between opposite vertex of a honeycomb cell
[5, 6] have all proven their efficacy for vibration damping.
A new type of viscoelastic damping device termed the dou-
ble shear lap joint (DSLJ) has been developed which may
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offer an alternative to the CLD [5, 7]. All such devices add
mass to their host structures, and in very lightweight struc-
tures this might be expected to reduce natural frequencies,
which may be adverse where structures have been tuned
to avoid resonance in normal operation.

The design of a CLD was first proposed by Kerwin [8]
in 1959 who examined the damping of flexural vibrations of
a stiff simply supported beam structure with a continuous
viscoelastic layer. The contiguous layer CLDs are effective
in damping vibrations but may add significant extra mass
to lightweight structures. To tackle this problem discrete
CLD patches were developed where the host structure was
only partially covered with dampers, proving to be more
mass efficient designs than complete coverage. Nokes and
Nelson [9] were among the first to investigate partial cov-
erage with CLDs and showed both theoretically and ex-
perimentally that more efficient damping was possible for
partially covered beams.

A number of studies optimising CLD location and di-
mensions have sought to maximise damping while minimis-
ing added mass. There are several parameters one could
consider when attempting to quantify damping in such
optimisation studies, such as vibration amplitude, vibra-
tional energy, and shift in natural frequency, depending
on the nature of the application in question. Lifshitz and
Leibowitz [10] were the first to apply optimisation tech-
niques to damping of structures, and they used an equal-
ity constrained minimisation technique to identify optimal
thicknesses, and therefore minimum additional mass, of
CLDs on a cantilever beam under a range of constraints
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on mass and flexural stiffness of the host structure. Both a
global criterion method and a genetic algorithm were used
by Hajela and Lin [11] to optimise CLDs on a cantilever
beam, with the objective being highest modal loss factor
and minimal increase in mass. Marcelin et al. [12] used the
method of moving asymptotes to find the highest modal
loss factor and best location of CLD of a cantilever beam.
Zheng and co-workers proposed optimal layouts of CLDs
on simply supported beams minimised for amplitude of
vibration [13] and for vibrational energy [14], while min-
imising the damping material volume. Chen and Huang
[15] considered the shift of the resonance frequency due to
the addition of the damper as a constraint for their op-
timisation. They proposed an optimised solution for the
position of CLD on simply supported plates thanks to a
topographical optimisation method. The cellular automa-
ton method is particularly well suited to this problem, and
has been implemented by Chia et al. [16, 17] to identify
optimal weight-efficient CLD configurations for plates with
free boundary conditions using the loss factor as objective
function. Kim also used a topology optimisation in order
to find the best configuration of CLD on a fully clamped
and cantilevered plate [18] that give the highest modal
loss factor for a minimal increase in mass. A Genetic Al-
gorithm was used by Hou et al. in order to minimise the
vibrational energy of a simply supported beam [19] and
plate [20] damped with CLD. The location of the CLDs
was determined with a restriction on the mass added. Ling
et al. [21] used the method of the moving asymptotes to
determine the optimal layout of CLD on a cantilever and
simply supported plate in order to maximise the damping
ratio while minimising the added mass. Finally, Zheng et
al. [22] had a similar approach considering the maximisa-
tion of the modal loss factor. Several studies on damping
have used the Modal Strain Energy method developed by
Johnson and Kienholtz [23] to calculate the modal loss fac-
tor of a structure under harmonic excitation. An alterna-
tive and potentially more accurate method to calculate the
modal loss factor is the Half-Power Bandwidth approach
[24].

The DSLJ damper developed by Boucher et al. [5, 7]
consists of a double shear lap-joint construct located in-
ternally in a structure so that flexure of the host structure
results in deformation of the arms of the lap joint and thus
shear in the viscoelastic. Boucher considered it within a
hexagonal cell core sandwich panel. Both the deformed
and undeformed CLD and DSLJ dampers are sketched in
Fig. 1. The objective of the present work is to identify the
most mass efficient configurations of the CLD and DSLJ
devices via simulation using the finite element method.
Specifically this is done within a simplified honeycomb
sandwich host structure, under typical boundary condi-
tions, utilising a lossy material in this case a viscoelas-
tic elastomer. The efficiency of the CLD and the DSLJ
damper is compared in beam and plate structures with
simply supported and cantilever boundary conditions.

2. Methodology

The systems considered here were honeycomb-cored
sandwich panels as illustrated in Fig. 2, being typical
examples of lightweight high performance structures, and
specifically beam and the plate structures, in this case
composed of 18 x 2 and 20 x 10 cells respectively. For
the cantilevered cases all nodes along the short edge were
encastred (i.e. u1 = u2 = u3 = r1 = r2 = r3 = 0),
and for the simply supported case nodes on the bottom
surface along lines across the width (i.e. where the knife
edge supports would contact) were constrained with no
translational freedom but retaining rotational freedom, i.e.
u1 = u2 = u3 = 0, following Srinivas [25]. The honeycomb
cells were regular hexagons, with depth and side lengths of
10 mm which is fairly typical of such honeycombs in use in
the aerospace sector. The thickness of the honeycomb cell
walls and the outer skins was 0.2 mm. The beams length
and width were 270 and 34.6 mm respectively (shown in
Fig. 2), and the plates length and width were 300 and 173
mm respectively. This gives length to depth aspect ratios
of 27:1 for the beams 30:1 for the plates. The panel skins
were considered to be thin (2% of the panels depth), and
made of the same material as the honeycomb cells (alu-
minium in this case). The DSLJ insert has a depth of 8
mm, and is positioned so as to stand 1 mm away from the
upper and lower skins, as illustrated in Fig. 1, to prevent
contact with the skins under flexure. The total thickness
of the DSLJ damper is 3.2 mm, of which the central alu-
minium web is 0.2 mm. The viscoelastic material den-
sity was approximately a third of the aluminium density,
its modulus 70000 times lower than aluminium, and had
a material loss factor 200 times higher than aluminium.
These values sits within the normal range of viscoelas-
tic polymer material properties [16]. Material-dependant
damping (ANSYS command MP, DMPR) was adopted to
describe the damping ratio of each material. The material
properties are given in table 1. The Modal Strain Energy
method [23] was used to estimate the modal loss factor of
the structure. Although it is known this method may give
an inaccurate estimation of the value of the modal loss
factor, especially for materials with loss factors, it can effi-
ciently provide a relative comparison of damping between
different models. More accurate estimation techniques
such as the Modified Modal Strain Energy method [26]
would add complexity without necessarily aiding compar-
ison between the different devices presented in this study.
A similar approach was adopted by Chia et al. [16]. Dou-
glas and Yang [27] formulated the frequency-dependant
complex shear modulus of the viscoelastic core of a con-
strained layer damper as G∗

v(ω) = 0.142 ω
2π

0.494(1 + 1.46i)
MPa. For the range of frequency considered in this study
(100 to 560 Hz), the storage modulus would vary between
1.4 and 3.2 MPa. Hence the frequency dependence of the
storage and loss moduli can be neglected in this study.

The structure was modelled in three dimensions using
the commercial finite element software ANSYS 14.0 [28]
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Figure 1: A typical constrained layer damper, (a) and (b), and a double shear lap-joint damper inserted in a hexagonal honeycomb cell, (c)
and (d). The structures shown in (b) and (d) are deformed under load.

270 mm

10 mm

34.6 mm

10 mm
10 mm

1

23

Figure 2: Honeycomb-cored sandwich beam, with upper skin removed for clarity.

Base
structure

Viscoealastic
layer

Constraining
layer

Density (kg/m3) 2700 1000 2700
Material loss fac-
tor

0.0005 0.1 0.0005

Young’s modulus
(MPa)

70000 1 70000

Poisson’s ratio 0.3 0.45 0.3

Table 1: Material properties of the sandwich structure and damping
treatments.

typically within the order of 40 000 elements depending on
specific geometry and convergence tests. The honeycomb
walls in the core and the sandwich skins were modelled
as discrete parts, and meshed with a four-noded shell el-
ement (Shell181 in ANSYS), which allows flexure in both
the honeycomb cell walls and the sandwich skins. The vis-
coelastic material and the constraining upper layer in the
CLDs were meshed with a solid hexahedra or brick element
(Solid185 in ANSYS) which has 8 nodes with 3 degrees of
freedom. The contact interaction between solid and shell
elements required to overlap the contact surfaces in order

to ensure the nodes to be coincident at the interface. The
degrees of freedom of these nodes were then coupled using
the ANSYS command CPINTF in order to enforce com-
patibility at the interface, similar to the approach adopted
by Chia et al. [16]. The enhanced strain formulation was
used to overcome shear locking in this bending-dominated
problem.

Preliminary results indicated that for both beams and
plates in both the cantilevered and simply supported modes,
the first mode accounts for the largest fraction of the effec-
tive mass when the 10 first modes are considered. Hence
only the first mode was considered further. Modal analy-
sis was used to explore the effect of the addition of mass
and extra stiffness on the mode shape and frequency of the
beams and plates. The structure was then excited harmon-
ically at its natural frequency, at the tip for a cantilever
structure and at the middle for a simply supported struc-
ture in order to excite the first bending mode. The struc-
tures harmonic response was obtained by modal super-
position method [28]. Thirty frequency increments were
considered in each load step around the natural frequency
peak and the cyclic load was also stepped (i.e. the same
value is used for all substeps) and chosen with an
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Adapted from Damper location and geometry Optimisation tech-
nique

Objective function Penalty function Design variables

(a)

Hajela and Lin [11] Genetic algorithm Modal loss factor Added mass CLD location

Marcelin et al. [12] Method of the Mov-
ing Asymptotes

Modal loss factor No penalty function CLD location

Hau and Fung [29] 1 Multi-objective ge-
netic algorithm

Total weight, con-
trol voltages

Damping ratio
of the first three
modes

CLD location and
length

Double shear lap-joint
(cantilever beam) [5]

Modal loss factor Added mass DSLJ location

Pau et al. [13] Sequential
quadratic pro-
gramming

Amplitude reduc-
tion

Added mass CLD location and
length

Zheng et al. [14] Genetic algorithm Vibrational energy Added mass CLD location and
length

Hou et al. [19] Genetic algorithm Modal loss factor Added volume CLD location, layer
thicknesses, shear
modulus

Double shear lap-joint
(simply supported beam)
[5]

Modal loss factor Added mass DSLJ location

1These solutions are for hybrid dampers.
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Adapted from Damper location and geometry Optimisation tech-
nique

Objective function Penalty function Design variables

(b)

Kim [18] Genetic algorithm Modal loss factor Added volume CLD location, layer
thicknesses, shear
modulus

Ling et al. [21] Method of the Mov-
ing Asymptotes

Modal damping ra-
tio

Added mass CLD location

Double shear lap-joint
(cantilever plate) [5]

Modal loss factor Added mass DSLJ location

Ling et al. [21] Method of the Mov-
ing Asymptotes

Modal damping ra-
tio

Added mass CLD location
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Hou et al. [20] Genetic algorithm Vibrational energy Added mass CLD location, layer
thicknesses, shear
modulus

Chen and Huang [15] Topographical
method

Structural damping
ratio

Resonant frequency
shift

CLD location, layer
thicknesses

Zheng et al. [22] Method of the Mov-
ing Asymptotes

Modal loss factor Added mass CLD location

Double shear lap-joint
(simply supported plate)
[5]

Modal loss factor Added mass DSLJ location

Table 2: Benchmarked optimised damper configurations for beam (a) and plate (b) structures. The sandwich skins are shown removed for clarity. The presence of a damper is given
by solid colouring (CLD) or inserts in cells (DSLJ). Boundary conditions are indicated by solid triangles (encastred) and open circles (pinned) for the cantilever and simply supported
cases respectively.
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amplitude of 0.0001 N. The first 5 modes were included
in the mode superposition harmonic analysis.

2.1. Parametric optimisation of DSLJ inserts

A method for identification of the optimal position of
a damper on a vibrating structure is to locate the area
of maximal strain energy via the Modal Strain Energy
method, as for example by Marcelin et al. [12]. There-
fore, DSLJ dampers might be placed rationally at loca-
tions of high modal curvature [24] i.e. near the clamped
edge for a cantilever structure and at the middle for a sim-
ply supported structure. A parametric optimisation was
used based on this approach to identify the most efficient
number of DSLJ inserts on the cantilever and simply sup-
ported beam and plate structures. Rows of honeycomb
cells were filled with DSLJ inserts sequentially, starting at
the clamped end for the cantilever geometries, and from
the middle for the simply supported geometries. The evo-
lution of the modal loss factor with the increase in mass
was recorded and an optimal number of DSLJ inserts was
identified for each configuration based on the loss efficiency
Eη (defined in Eq. 2). A further parametric study was
used to determine the optimal thickness of the viscoelastic
element in the DSLJ dampers, which was varied between
0.25 and 2.33 mm.

2.2. CLD and DSLJ dampers comparison

The present analysis is essentially a comparison of two
damping structures, CLDs and DSLJ, identified from the
literature, using the finite element method to calculate the
amplitude, frequency and modal loss factor both before
and after the addition of the dampers onto the honeycomb-
cored sandwich structures. Hybrid dampers were also in-
cluded, i.e. those utilising active elements such as piezos,
which form part of a sensing and actuation device. How-
ever these were only considered in the passive mode, i.e.
their active elements were not switched on. The literature
hybrid CLD damper configurations had been through an
optimisation process, albeit in the active mode.

The CLD optimisation studies from the literature [11–
15, 18–22, 29] presented their optimal CLD configurations
in slightly different formats. They were adapted to con-
form to either a beam or plate structure and in a consistent
format for ease of comparison. The dimensions and loca-
tions of CLDs were taken from the original studies and
implemented pro rata on the beam and plate used herein,
as illustrated in Table 2 (a) and (b) respectively. For ex-
ample, Hou et al. [19] identified a CLD which stretched
from 0.4 to 0.5159 of the total length of their simply sup-
ported beam, and this was reconfigured to be the same
proportion of the beam used in this study. Some of the
literature studies did not optimise parameters such as the
thickness of the viscoelastic layer (for example Zheng), but
will be explored and optimised in this study. A single core
configuration was used across all beam and plate cases,
as shown in Fig. 2. For information the objective and

penalty functions and the design variables used in each lit-
erature study are also given in Table 2. The vibration am-
plitude and frequency of the first mode was first computed
and the change in amplitude and frequency was compared
across the literature CLD and DLSJ configurations. Mass-
efficient configurations were identified for each structures
and set of boundary conditions. The amplitude reduction
efficiency Ea was defined as follows:

Ea =
A

ma
(1)

where A is the amplitude reduction relative to the un-
damped structure and ma is the additional mass of the
dampers as a proportion of the native structures mass.

A second comparison was made in which the thick-
ness of the viscoelastic material in both dampers was var-
ied and the modal loss factors calculated using both the
Modal Strain Energy approach [23] and the Half-Power
Bandwidth method [24]. The thickness of the viscoelas-
tic layer was increased from 0.2 to 2.7 mm for the CLDs
and from 0.25 to 2.33 mm for the DSLJ inserts. The loss
efficiency Eη was defined similarly as:

Eη =
η1
ma

(2)

where η1 is the modal loss factor of the first mode and
ma is the additional mass of the dampers as a proportion
of the native structures mass.

3. Results

The present finite element model was benchmarked
against the work by Chia et al. [16], in which they pre-
dicted a loss factor ratio per unit mass of 1.3477 (see Table
2 in [16]) for one CLD configuration (see Fig. 7 in [16]).
The same configuration modelled in this study predicted a
loss factor ratio per unit mass of 1.3454. This close match
demonstrated the present models suitability for simulating
the damping mechanism of the CLD and by extension the
DSLJ.

3.1. Parametric optimisation of the DSLJ inserts

An initial static analysis showed that for the 270 mm
long cantilevered beam model, the tip displacement re-
quired for the DSLJ insert to come into contact with the
upper or lower skin was approximately 80 mm, and so
such contact was not considered any further. Fig. 3 shows
the loss efficiency Eη vs the added mass in percent as the
honeycomb cells were filled rows by rows with DSLJ in-
serts for all structures. For all structures the peak loss
efficiency was identified when only one row was filled with
DSLJ inserts. It then decreased rapidly as more rows of
cells were filled. A compromise solution was selected arbi-
trarily between maximal loss efficiency and maximal added
mass, specifically was 5 rows filled with inserts (out of 17)
for the beams and 6 rows filled (out of 19) for the plates.
These configurations were used in further comparisons.
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The effect of viscoelastic thickness on the loss efficiency
Eη in the DSLJ is shown in Fig. 4. There is an inverse rela-
tionship between the thickness of the viscoelastic element
and the loss efficiency in the DSLJ. The thickness of the
DSLJ damper affects rapidly its performance, and whilst
the optimal thickness within this study was 0.5 mm, it
seems likely that even thinner solutions would have higher
damping efficiencies. The configurations with the thinnest
viscoelastic layer were selected for the later comparison.
These selected configurations on cantilever beam, simply
supported beam, cantilever plate and simply supported
plate exhibited a peak modal loss factor of 1.52 x 10-3,
1.34 x 10-3, 1.66 x 10-3 and 1.50 x 10-3 respectively.
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Figure 3: Loss efficiency Eη vs. the additional mass as a percentage
of the total mass of the undamped structure, as rows of cells are
filled sequentially with DSLJ inserts on all structures.

3.2. CLD and DSLJ dampers comparison

3.2.1. Amplitude and frequency comparison

The first mode amplitudes of the CLD and DSLJ con-
figurations are shown in Figs. 5a - 8a, with the undamped
beam or plate for comparison. In the Figs. 5a - 8a the am-
plitude is shown vs frequency in absolute units, whereas
in Figs. Figs. 5b - 8b it is shown vs frequency normalised
to the natural frequency of each case (ω1), in order to
show more clearly the individual differences in amplitude
response. In most cases the dampers reduced amplitude
vs the undamped structures, as would be expected. The
DSLJ was competitive in all case and even showed the
largest amplitude reduction in the simply supported beam
and cantilever plate configuration, see Figs. 6a and 6b. It
exhibits an amplitude reduction of 64% (cantilever beam),
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Figure 4: Loss efficiency Eη vs. the additional mass as a percentage
of the total mass of the undamped structure, as thickness of the
viscoelastic element is increased from 0.25 to 2.33 mm.

53% (simply supported beam), 67% (cantilever plate) and
54% (simply supported plate) from the undamped config-
uration. The amplitude reduction efficiency Ea of DSLJ
is 18, 24, 3 and 4 times higher than the best CLD config-
uration on the cantilever beam, simply supported beam,
cantilever plate and simply supported plate respectively,
see Table 3. It can be seen that the high amplitude reduc-
tion efficiency noted for the DSLJ configuration correlates
with a high strain energy density in the viscoelastic mate-
rial.

In most cases the dampers also produced a decrease in
natural frequency, with some cases showing large reduc-
tions, e.g. the CLD configuration by Ling [21] reduced
frequency by almost 44%, see Fig. 7a. In almost all cases,
the DSLJ damper produced the least change in natural
frequency, except for the simply supported case where the
natural frequency was reduced by 14%. In three cases the
frequency was increased by the damper, and the ratio of
modal stiffness to modal mass for these cases was larger vs
the undamped versions; the DSLJ cantilevered beam (Fig.
4), the Kim CLD [18] and DSLJ cantilevered plate (Fig.
6a).

3.2.2. Loss efficiency comparison

The loss efficiencies Eη for the CLD and DSLJ in all of
the structures along with their added masses as a percent-
age of the total mass of the undamped structure are shown
in Figs. 9 - 12. In all cases and for all types of dampers,
the loss efficiency Eη decreased as the thickness of the vis-
coelastic layer was increased. DSLJ configurations were
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Figure 5: (a) The amplitude of the cantilever beams excited at their first modes. The vibration amplitude (X) of each structure is normalised
to that of the undamped structure(X0). (b) Detail of the distribution of the vibration amplitude about each resonant frequency.

generally lighter and more efficient at low added mass than
CLD configurations, except for the simply supported plate
case where the CLD configuration proposed by Chen and
Huang [15] achieved comparable loss efficiency at lower
added mass. For example the DSLJ was more than 5
times more efficient than the best CLD damper for the
cantilevered beam, see Fig. 9. The stars on Figs. 9 - 12
indicate the added mass of the CLD configuration as pro-
posed in the original study where those authors considered
the thickness of the viscoelastic layer as an optimisation
parameter. In these cases there are CLD configurations
identified here which were more efficient than those origi-
nally identified by the authors, for example the CLD con-
figuration as proposed by Hou [20] was more efficient with
a thinner viscoelastic layer, see Fig. 12. Table 4 gives
the values for peak modal loss factor, relative added mass
and loss efficiency at peak amplitude for all configurations.
The two techniques used to calculate the modal loss factor,
i.e. the Modal Strain Energy and the Half-Power Band-
width methods, demonstrated very similar results.

4. Discussion

The parametric optimisation of the DSLJ revealed that
a single row of inserts is the most efficient for both can-
tilevered and simply supported structures, and a small
number of inserts (5 or 6 rows in these cases) is a good
compromise between peak loss efficiency Eη , large modal
loss factor and added mass, see Fig. 3. The DSLJ was

most effective when the viscoelastic layer was thin, see
Fig. 4. For a given global deformation the strain energy
density in the viscoelastic layer was higher when the layer
was thinner. There will likely be some practical manufac-
turing limits on the thickness of the viscoelastic layer, as
well as other possible limits arising from the ultimate shear
strain and adhesive strength of the viscoelastic material.

The DSLJ were best for amplitude reduction for most
configurations though not all, and were competitive with
all the CLD configurations, in both absolute and mass
efficient reduction. This is due to the fact that the strain
energy in the viscoelastic material was usually higher in
the DSLJ than in a CLD for a given global strain (see Table
3). The DLSJ therefore appeared to be a more effective
way of packing in viscoelastic material in order to reach a
higher loss factor. The exceptions were Hajela and Lin [11]
and Zheng [22] in the in the cantilevered beam and simply
supported plate cases, both of which showed the highest
amplitude reduction. However this was at the cost of high
added mass and coverage of most the surface. Indeed, the
amplitude reduction efficiency Ea was always the highest
for all configurations. The hybrid CLD proposed by Hau
[29], which was never designed to operate purely passively,
did not perform well in comparison to other configurations.

In most cases the dampers reduced the natural fre-
quency as might be expected. In some notable cases how-
ever the dampers raised the ratio of modal stiffness to
modal mass and therefore the resonance frequency (see
Figs. 5a and 7a). With weight efficient dampers it should
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Figure 6: (a) and (b) as per Fig. 5a and 5b but for the simply supported beam.

be possible in many cases to conserve initial model fre-
quencies when adding dampers.

There was an inverse relationship between the loss ef-
ficiencies Eg for both the CLD and DSLJ and the vis-
coelastic layer thickness, see Figs. 9 - 12. The thickness
of the viscoelastic layer was the primary determinant of
the strain and strain energy density in the viscoelastic
layer, and thus efficiency of the dampers in this study using
both the Modal Strain Energy and Half-Power Bandwidth
methods. The loss efficiency is very sensitive to the DSLJ
thickness. As with amplitude reduction the data for loss
efficiency indicate that DSLJ tend to be more efficient be-
cause the viscoelastic layer sees higher strains for given
global deformations. For example, the DSLJ had a loss
factor of almost twice of that of the Hou CLD configura-
tions (1.14 x 10-3 and 5.62 x 10-4 for the DSLJ and CLD
configurations respectively), see Fig. 10. The exception
was in the simply supported plate with the configuration
of Chen [15], i.e. a small patch in the centre of the plate,
which was more mass efficient than the DSLJ, see Fig. 12
and Table 4.

In the DSLJ arrangement the viscoelastic is located
in two layers, both of which are under strain. In con-
trast in the CLD arrangement the viscoelastic is placed in
one layer. Thus for a similar mass, the viscoelastic in the
DSLJ arrangement experiences a higher strain because it
is arranged in thinner layers than in a CLD. Clearly by
placing thinner CLD patches on upper and lower surfaces
this advantage can be overcome, though for many prac-
tical reasons this may not always be possible. Moreover,

the DSLJ is sensitive to both internal shear and flexure of
the base structure whereas the CLDs shearing mechanism
is only due to flexure. Hence for applications where the
lightweight properties are critical, the DSLJ damper can
be an efficient alternative to the CLD.
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Figure 7: (a) and (b) as per Fig. 5a and 5b but for the cantilever plate.
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Figure 8: (a) and (b) as per Fig. 5a and 5b but for the simply supported plate.
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Relative amplitude
reduction to the
undamped structure
(%)

Additional mass rela-
tive to the undamped
structure (%)

Amplitude reduction
efficiency Ea

Strain energy density
in the viscoelastic
material normalised
to the DSLJ (%)

Cantilever beam
Hajela and Lin [11] 73 287 0.25 1.61
Marcelin et al. [12] 31 151 0.12 9.68
Hau [29] 2 31 128 0.24 13.09
Double shear lap-joint [5] 64 14 4.57 100

Simply supported beam
Pau et al. [13] 9 117 0.08 19.17
Zheng et al. [14] 21 179 0.12 46.99
Hou et al. [19] 11 70 0.16 207.21
Double shear lap-joint [5] 53 12 3.79 100

Cantilever plate
Kim [18] 56 67 0.84 31.05
Ling et al. [21] 52 196 0.26 6.65
Double shear lap-joint [5] 67 19 3.53 100

Simply supported plate
Ling et al. [21] 23 27 0.85 45.11
Hou et al. [20] 64 123 0.52 7.57
Chen and Huang [15] 12 19 0.63 63.11
Zheng et al. [22] 69 652 0.11 18.24
Double shear lap-joint [5] 54 19 6.84 100

Table 3: Relative amplitude reduction, additional mass, amplitude reduction efficiency and strain energy density in the viscoelastic material
at peak amplitude for all configurations. The amplitude reduction and amplitude reduction efficiency are relative to the undamped structure.
The strain energy density in the viscoelastic material is relative to that of the DSLJ structure.

Modal loss factor at
peak loss efficiency
MSE (x 10-4)

Modal loss factor at
peak loss efficiency
HPB (x 10-4)

Added mass at peak
loss efficiency (%)

Peak loss efficiency
Eη (x 10-6)

Cantilever beam
Hajela and Lin [11] 5.19 5.65 71 7.31
Marcelin et al. [12] 5.25 5.62 33 15.8
Hau [29] 3 6.10 7.33 11 47.1
Double shear lap-joint [5] 15.2 13.33 18 85.0

Simply supported beam
Pau et al. [13] 5.29 5.45 11 47.1
Zheng et al. [14] 5.00 5.08 18 27.1
Hou et al. [19] 5.03 5.11 10 48.7
Double shear lap-joint [5] 13.4 9.98 18 75.3

Cantilever plate
Kim [18] 17.1 23.78 65 26.4
Ling et al. [21] 5.02 7.10 52 9.73
Double shear lap-joint [5] 16.6 14.33 23 70.8

Simply supported plate
Ling et al. [21] 5.01 5.17 32 15.8
Hou et al. [20] 30.0 27.59 49 61.8
Chen and Huang [15] 5.00 5.15 8 59.2
Zheng et al. [22] 21.8 19.52 64 33.7
Double shear lap-joint [5] 15.0 10.63 23 64.0

Table 4: Modal loss factor and additional mass relative to the undamped structure at peak loss efficiency Eη for all configurations. The
modal loss factor was estimated by means of both the Modal Strain Energy (MSE) and the Half-Power Bandwidth (HPB) methods.
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Figure 9: Comparison of the loss efficiency Eη vs. added mass for
the cantilever beam solutions.
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Figure 10: Comparison of the loss efficiency Eη vs. added mass for
the simply supported beam solutions.
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Figure 11: Comparison of the loss efficiency Eη vs. added mass for
the cantilever plate solutions.
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5. Conclusion

This paper presents the performance of a new kind
of viscoelastic damper for honeycomb sandwich structures
and compares its efficiency to benchmarked optimal con-
figurations of CLDs on beam and plate structures. It pro-
vides the reader with a parametrically optimised configu-
ration for DSLJ dampers for beams and plates structures
under both cantilever and simply supported boundary con-
dition.

The new DSLJ inserts exhibit an excellent ability to
damp vibrations for small increases in mass, in terms of
both amplitude reduction and modal loss factor. They
also generally produce a smaller shift in natural frequency
from the undamped structure which may be an important
asset for many transport applications. Therefore, DSLJ
inserts represent a competitive alternative to CLDs. Since
they are internal to the honeycomb cell, they can be imple-
mented in applications where adding dampers externally is
difficult. This may be the case for gas turbine blades with
large internal void spaces convenient for DSLJ deployment,
but which cannot have external dampers interfering with
air flow. If deployed in honeycombs, the orientation of the
DSLJ damper can be altered, raising the possibility for
tuning of orientation according to global vibration modes.
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