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In this paper, a passive vibration damping concept based on multifunctional materials was 

studied for thermoplastic composite structures. The synergy between piezoelectric and 

conductive particles brings a new contribution of energy dissipation based on the local 

transduction-dissipation phenomenon. While piezoelectric fillers ensure the conversion of 

mechanical energy into electrical energy (transduction), conductive particles locally dissipate 

the electric charges created avoiding saturation in the vicinity of piezoelectric particles. Here, 

the concept has been studied at material and structure scales for laboratory and preindustrial 

samples in order to bring solid proof of the damping concept. For this purpose, piezoelectric and 

electrically conductive particles were dispersed into engineering thermoplastics polyamide 12 

and poly ether ketone ketone. Damping films were obtained by hot press and embedded in a 

composite sandwich beam and carbon fiber reinforced polymer (CFRP)-aluminum panels. 

Dynarnic mechanical analysis and vibration tests were performed on bulk nanocomposite 

samples and in composite sandwich beams. The study of hysteresis loops and frequency 

response fonction showed strong nonlinear effects and vibration amplitude decrease up to 50%. 

Tests on CFRP-aluminum panels highlighted the structural damping increase demonstrating the 

potential capacity of this multifunctional material for energy dissipation in typical aerospace 

structures. 
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1. Introduction

Carbon fiber reinforced polymers (CFRPs) are of growing
interest for aeronautic and aerospace applications due to their
low density and high stiffness. However, their use as struc-
tural materials is compromised by their low vibration damp-
ing [1]. To improve damping ability in composites structures,
current solutions consist in ensuring structure reliability by
active and passive control [2–4] and add-on macroscopic ele-
ments [5–7] to adapt the dynamic response. Regarding passive
solutions the literature reports the integration of viscoelastic
layers (elastomer, thermoplastic polymer) between compos-
ite plies (elastic layer) [8–10]. The higher the modulus differ-
ence between the viscoelastic layer and composite plies, the
more energy storage in the viscoelastic layer and damping is
achieved [11]. This layer can be integrated in the constrained
layer damping configuration or in the patch constrained layer
damping to limit the impact on structure mechanical prop-
erties [12–16], generally placed at the highest shear stresses
area [9].

Moreover, it has already been shown that polymer damping
properties can be improved by the introduction of piezoelectric
and conductive nanoparticles [17–28]: The synergy of these
two particles leads to a new contribution of energy dissipation:
the local transduction-dissipation phenomenon (passive solu-
tion). Piezoelectric particles ensure mechanic-electric trans-
duction, while conductive particles dissipate electric charges
by the Joule effect through the polymer matrix. Indeed, the
literature reveals that the introduction of a small quantity of
conductive particles in a polymer/piezoelectric nanocompos-
ite leads to a significant increase in damping [26, 29, 30]. In
addition, Tanimoto [18] reported damping enhancement by
dispersing Lead Zirconate Titanate (PZT) particles at compos-
ite interlayers while using conductive carbon fibers to dissip-
ate the electric charges generated by PZT through Joule dis-
sipation. For low fractions of PZT (<8 g m−2) [22] damping
performance was improved by a factor of 4 compared to the
standard composite.

The effect of introducing a polymer matrix filled with
piezoelectric and conductive particles as an interlayer film
between two elastic layers has recently been studied by Car-
poncin et al [26]. Here polyamide 11 (PA 11) based nano-
composites containing PZT particles (30 vol.%) and carbon
nanotubes (CNT) (0.2 vol.%) where constrained between two
thin plates of aluminum. Vibration tests revealed a significant
increase in damping efficiency through the synergy of the two
kinds of particles, where high amplitude modes decrease up to
50%.

In this work poly (ether ketone ketone) (PEKK) and poly-
amide 12 (PA 12), two thermoplastic polymers, were chosen
as host matrices for damping nanocomposites. Sodium niobate
(NaNbO3) and barium titanate (BaTiO3) were used as lead-
free submicronic piezoelectric particles while spherical car-
bon black (CB) and CNT were used as conductive particles.
Damping films were embedded in unidirectional (UD) car-
bon fiber sandwich beams and in CFRP-aluminum panels.
Materials were analyzed by dynamical mechanical analysis
(DMA) in isothermal and non-isothermal conditions in order

to assess energy dissipation. Concerning the sandwich beams
and panels, the energy dissipation was measured through qual-
ity factors by vibration tests in a wide frequency range. Both,
DMA and vibration tests were evaluated for non-poled and
poled piezoelectric samples, and later they were compared
to evidence the contribution of energy dissipation through
the transduction-dissipation concept. Moreover, the influence
of sample configuration and experimental parameters on the
damping performance is also studied.

Section 2 describes the experimental procedure used to
fabricate composite sandwich beams and panels embedded
with the damping film, beyond presenting the mechanical and
vibrational tests used for characterizing the dynamic strength
and damping behavior for each sample. The mechanical prop-
erties obtained throughout the extensive tests are assessed and
discussed in section 3. Finally, section 4 highlights the main
conclusions on the contribution of the transduction-dissipation
mechanism achieved by combining conductive and piezoelec-
tric particles.

2. Experimental set-up

2.1. Composite processing

2.1.1. Laboratory scaled samples: sandwich composite
beams. Laboratory scaled nanocomposites were obtained
by dispersing sodium niobate (NaNbO3) and CB in PEKK.
PEKK KEPSTAN 7003 was supplied by Arkema in powder
form in 20 µm diameter. CB was purchased in powder
form (d50 = 6.3 µm) from Sigma Aldrich. Sodium niobate
particles were synthesized through hydrothermal synthesis
from niobium pentoxide and concentrated sodium hydroxide
precursors [31, 32] in the laboratory facilities. Synthetized
particles are cubic shaped and 2–5 µm in size. The three
elements were mixed, dispersed in ethanol and sonicated to
promote homogeneous dispersion. After ethanol evaporation
in a rotary evaporator, a homogenous three phase powder was
obtained and hot pressed at 360 ◦C to obtain nanocompos-
ite films (figure 1(a)): NaNbO3 appears in white unshaped
particles while CB appears with a perfect spherical morpho-
logy. Piezo-electrical particles content is 30% vol.; while
conductive fillers is 4% vol.

Thin films (200 µm) were processed and embedded in a
composite sandwich beam (figure 1(b)). In this configuration
the damping film is placed between two UD tapes of CFRP.

Two different configurations were studied:

• A symmetric configuration for DMA where the nanocom-
posite film is embedded between two composite plies.
Dimensions (mm): 50 × 10 × 0.5.

• An asymmetric configuration for vibration tests, where the
damping film is integrated between one ply from one side
and two plies of CFRP on the other side. Dimensions (mm):
100 × 20 × 0.7.

2.1.2. Preindustrial scaled samples: CFRP-aluminum honey-
comb panels. Carbon-fiber aluminum-honeycomb sand-
wich panels (500 mm × 500 mm) were elaborated in order



Figure 1. (a) Three phase PEKK/NaNbO3/CB nanocomposite film. (b) schematic representation of a constrained damping-layer between
thermoplastic composites plies (composite sandwich beam).

Figure 2. (a) Three phase PA/BaTiO3/CNT nanocomposite film (BaTiO3 particles appears in white while NTC are not observed) (b)
carbon-fiber aluminum-honeycomb sandwich panel containing the damping-film in the surface as a patch and loaded with masses.

to test the concept in a representative composite structure. For
this purpose, commercially available fillers were used to elab-
orate the damping film: BaTiO3 particles (Sigma Aldrich) and
CNT (Arkema) as piezoelectric (30% vol.) and conductive
fillers (1% vol.) respectively. Polyamide (PA) from Arkema
was used as the polymer matrix. At this scale NaNbO3 can-
not be used, since it is not available yet in large-scale pro-
duction. Fillers were dispersed using a twin-screw extruder
from XTRUTECH XTS 24-42 L/P. Figure 2 shows a scanning
electron microscopy three phase nanocomposite and a carbon-
fiber aluminum-honeycomb sandwich panel with the embed-
ded damping film as a patch in the surface of every side of the
panel. Additionally, different payloads were fixed to the struc-
ture in order to explore wider energy and different frequency
ranges.

In order to evidence the transduction-dissipation phe-
nomenon, a polarization step of the nanocomposites films
is mandatory. Polarization leads to the orientation of piezo-
electric particle NaNbO3 and BaTiO3 electrical dipoles and
promotes piezoelectricity. The Curie temperature of BaTiO3

(130 ◦C) and NaNbO3 (290 ◦C) are lower than the melting
temperature of PA (180 ◦C) and PEKK (331 ◦C). According to
this, the films had to be embedded before the polarization pro-
cess in order to avoid depolarization. Both structures, the sand-
wich beams and panels containing the nanocomposite, were

poled under an electric field above the glass transition temper-
ature of the polymer matrix but below the Curie temperature of
particles for 1 min. More details about the poling process used
for filled polymers are described by Capsal et al [31, 33]. Com-
posite panels were polled by corona effect. To our knowledge
this process was already used to pole piezoelectric polymers
[34, 35], two phase and three phase composites [36, 37]. How-
ever, to our knowledge, it was never used in a film embedded
in a composite structure.

2.2. DMA for laboratory scaled samples

2.2.1. Isothermal analysis. DMA analysis was performed
by an ARES strain control rheometer in the rectangular shear
mode where the stress restored by the sample is measured. The
strain–stress hysteresis loop representation was studied. When
shear stress σ(ω) is plotted as a function of shear strain γ(ω)
for one period of strain (after stabilization of the signal), σ(ω)
describes a loop where its area directly represents the dissip-
ated energy per cycle [38].

Hysteresis loops of PEKK at 25 ◦C are presented in figure 3
for an amplitude range of shear strain between 0.1% (linear
domain) and 1%. According to Piollet et al [39], the stress–
strain loops observed are composed of a linear part and a hys-
teresis part carrying the dissipative and nonlinear behavior of



1,6xl0
1 

a) 
t,2xl0

7 

8,0xIO' 

-.;' 4,0xto' 
e:, 

0,0 b 

� -4,0xIO' 

-8,0xtO' 

-t,2xto' 

-t,6xl0
7 

-0,8 

Linea� b�havior 
-y�OJ¾ 

: : 

-0,4 0,0 

Strain y (0/4) 

0,4 0,8 

3xl0
6 b) 

2x106 

,.. 1x10' 

"t, 0 

� -1x10' 

-2x106 

-3xt0' 
-0,8 

. . î 
� INon-linearities 

-0,4 0,0 

Strain y (1/o) 
0,4 0,8 
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the material. To highlight the dissipated energy of the nano
composite, one subtracts the linear part to the stress a as fol
lows: 

a' =a-P, (1) 

where P is the slope measured at 1(w) = 0.1 %. 
The a'(w) plotted versus 1(w) is showed in figure 3(b)). The 

complex shape (non-ellipsoid) for strains higher than 0.1 % is 
characteristic of non-linear behavior of the material. Stress fol
lows cubic law as a function of the strain. 

2.2.2. Dynamic temperature analysis. Shear dynamic 
mechanical storage modulus and loss modulus, G' and G", 
were recorded as a function of the temperature (figure 4). 
Measurements were achieved in a temperature range of 
-130 °C to 250 °C, with a scanning rate of 3 °C min-1

• 

The angular frequency (w) was 1 rad s- 1 and the strain (1) 
was 10- 1 %. 

2.3. Vibration tests

Vibration tests were performed using an electrodynamic 
shaker LDS V830-335 SPA16K lOKN from BRÜEL & 

KJAER. Vibration tests consist in applying a translational 
dynarnic solicitation with controlled loop and measuring 
the material dynarnic response as a function of excitation 
frequency through an acceleration transmissibility function 
(ATF). For laboratory scaled sandwich beams, acceleration 
measurements were made with a PSV-500 Xtra laser vibro
meter from POLYTEC, without contact to avoid additional 
mass that may possibly influence the bending resonance mode. 
The beams were disposed in the vertical direction and clamped 
in the vibrating table support at one of its extremities (can
tilever beam-see figure 5). Sandwich panel's response was 
measured by placing 15 accelerometers in the lower surface 
of the panel. The excitation was done in the vertical direction. 
The structure was fixed to the shaker by means of two flex
ible aluminum brackets. In both cases it was ensured that the 
positioning and the clamping did not influence the dynarnic 
response of the samples tested. 

3. Results and discussion

3. 1. Laboratory scaled samples: sandwich composite beams

3. 1. 1. Energy dissipation mechanisms with non-poled

partie/es. The aim of this paper is to enhance the dissip
ated mechanical energy capability of composite structures 
used for aeronautical and spatial applications. For this pur
pose, a damping film is placed between two plies of carbon. 
The procedure adopted for designing this film was first to 
investigate the dissipation energy capability of the materials, 
i.e.: the unfilled PEKK matrix and non-poled PEKK filled
with NaNBO3 and CB; and later the sandwich carbon com
posite beam (symmetric) with the damping film embedded.
Hysteresis loop areas determined at 0.1 % strain and 25 °C are
reported in figure 6 for each configuration.

The introduction of cerarnic and carbon particles leads to 
a three-fold increase in the dissipated energy compared with 
unfilled PEKK. This result might be related, among other 
possible effects, with the localized stick-slip phenomenon at 
the interface between rigid particles and soft matrix. Indeed, 
researchers believe that the addition of nanoparticles res
ults in a large interfacial contact area and high friction 
energy dissipation during the sliding of nanoparticle surfaces 



Figure 5. Illustration of the test bench for vibration analysis of beam. 
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within the polymer matrix [40]. Dissipated energy is further 

increased (by 144%) when the nanocomposite film is integ

rated between composite plies in the sandwich configuration 

(figure l (b)). This contribution is mainly due to shear stress at 

the UD tape and nanocomposite film interlayers [11]. Stick

slip phenomenon between carbon fibers and the UD tape mat

rix may also increase the dissipated energy. 

Further to improvements on the characterization of the 

damping film, the DMA was performed to access the influ

ence of the temperature environment and strain level. Hyster

esis loops were then obtained for the sandwich beam at 162 °C 

(TgpeKK) and 25 °C at different strain levels. Figures 7(a) and 

(b) show the experimental results obtained and the loop area

was determined and reported in figure 8.

A non-ellipsoid shape of the loops is observed in figure 7, 

as in the case of the unfilled PEKK, highlighting non-linear 

behavior for strain higher than 0.1 %. Hysteresis loop areas 

are greatly augmented by increasing the temperature and the 

strain level. The dissipated energy has increased by 7.8-

2.7 times at 0.1 and 1 % strain respectively when compar

ing the hysteresis loop areas between 25 °C and 162 °C 

(glass transition temperature T
g
). Moreover, regarding the 

increment of the strain level from 0.1 % to 1 %, the dissip

ated energy increased by 500 times and 200 times at 25 °C 

and 162 °C, respectively. The dissipation mechanism, in this 

case, is related to the temperature and strain level. This fact 

might be explained firstly by the nonlinear viscoelasticity of 

the PEKK: the material Joss factor increases in the vicinity of 

the glass transition temperature and the high strain amplitude 

leads to nonlinear effects which engenders energy dissipation 

[41]. Regarding the possible dissipation mechanism provided 

by the stick-slip phenomenon, the increased stress induced by 

the high strain amplitude is favorable for the dissipation mech

anism. Nonetheless, the increment in temperature degenerates 
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the mechanical properties of the polymer which reduces the 
damping performance of the composite structure. Viscoelasti
city, friction and piezoelectric damping have also been repor
ted by Zhang et al [29] for chlorinated polyethylene/barium 
titanate/vapor-grown carbon fiber composites, and Carponcin 
et al [26] for PA 11/PZT/CNT composites. 

3. 1.2. Po/arization infk.Jence. The previous section high
lighted the enhancement of dissipated mechanical energy 
attained by the damping film embedded in the composite sand
wich beam. The nanocomposite film filled with non-poled 
particles mainly owes its damping capabilities to the mat
rix's viscoelasticity and stick-slip phenomenon. The aim of 
this section is to evidence the contribution of the transduction
dissipation phenomenon after the polarization process: when 
nanocomposite films become piezoelectric at a macroscopic 
scale. This contribution was followed through the analysis 
of the hysteresis loops area. Figure 9 represents the hyster
esis loops of the composite sandwich beam in symmetric 
configuration with non-poled and poled particles. The loops 
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Figure 9. Hysteresis Joops of composites in syrnmetric 
configuration, at 25 °C, before polarization (solid lines) and after 
polarization (dotted lines). 

were determined at different strain levels, 1 rad s-1 and 25 °C
and respective area values were reported in figure 10. 

lndeed, the study of damping behavior through hyster
esis loops was already used for filled materials and com
plex systems like composite structures, sandwich structures or 
assemblies at larger scales [39, 42-44]. In addition to viscous 
damping, stick-slip and shear dissipations, local transduction
dissipation phenomenon is highlighted by a further increase in 
dissipated energy from 16% at 0.1 % of shear strain amplitude 
to 34% at 1 % strain level. The experimental results highlighted 
an increase in energy dissipation after the polarization process 
of composite sandwich beams, bringing proof of concept of 
the transduction-dissipation phenomenon. 

Beyond the DMA tests on the composite sandwich beam 
done at different strain levels and constant temperature, it was 
interesting to observe the evolution of the storage and Joss 
modulus in a large temperature range for the non-poled and 
poled damping film (figure 11) at low strain amplitude and fre
quency. 

Bulk samples of the damping films were only tested in 
order to avoid to mask sensitive polymer relaxations by the 
CFRP. Regarding the storage modulus G', no real influence of 



Figure 10. Hysteresis loop area of composite beam determined at
25 ◦C as a function of strain, before and after polarization.

polarization was observed. Dissipative modulus G′′ of PEKK
evidenced two relaxations, noted β and α at −36 ◦C and at
160 ◦C respectively. The polarization process strengthened the
localized relaxation β∗ with respect to β relaxation in the low
temperature region. However, at higher temperatures, no con-
clusion could be made as to the influence of polarization in the
α mode.

In order to better compare these relaxations and the influ-
ence of polarization, dissipative modulus for poled and non-
poled sampleswere normalized under a common baseline, pre-
viously determined by analytical fitting (figure 11(b)).

In figure 11(b), the poled sample exhibits increased amp-
litude of α mode: the area under the curve was found to be
increased by 18% compared to the non-poled sample, high-
lighting the transduction-dissipation phenomenon. These res-
ults are in agreement with Carponcin et al [26] where an amp-
litude increase in α relaxation of 10% was observed in PA
damping nanocomposites and related to transduction dissip-
ation phenomenon.

β∗ relaxation is directly linked with a successful polariza-
tion process of ceramic particles dispersed in PEKK. Beyond
this fact, however, the link between this relaxation and the
transduction-dissipation phenomenon is not clear and needs
some further investigation. It is known from the literature that
themolecular origin ofβ relaxation of PEKK is related to polar
and phenylene unit mobility around the polymer chain [45].
Therefore, β∗ relaxation could be related to the enhancement
of dipolar interactions of the polymer chain after the polariza-
tion process and/or related with the localized dipolar interac-
tions of the polymer chain with charges generated by piezo-
electric particles.

In order to highlight the enhancement of the beta relaxation
in the vibration tests, time-temperature equivalence principle
of the viscoelastic material was performed in order to estimate
the optimal excitation frequency of the poled sample.

Based on the Arrhenius model (τ (T) = τ0e∆H
RT ), (where

τ (T) is the relaxation time, ∆H is the apparent activation

energy, R is the gas constant and τ 0 is the preexponential
factor) it is possible to determine the relaxation frequency
of β and β∗ modes at 25 ◦C (corresponding to vibration
test temperature) since the relaxation temperature is equival-
ent. Thanks to dielectric dynamic spectroscopy results, the τ 0
factor and the activation enthalpy∆H determined experiment-
ally are 4.28× 10−15 s and 65.06 kJ mol−1, respectively [46].
The τβ at 25 ◦C, was calculated 1.07 × 10−3 s, which corres-
ponds to a frequency of 933 Hz.

3.1.3. Influence of polarization on the dynamic response:
vibration tests. To highlight the local transduction-
dissipation phenomenon of the nanocomposite film at higher
frequencies (compared to DMA), the dynamical behavior of
the sandwich composite beam is investigated during the two
first resonance conditions (i.e.: 180 Hz and 1100 Hz). Indeed,
the properties of viscoelastic materials might be affected by
the oscillation frequency and the characterization of the hys-
teresis loops of the nanocomposite film during DMA tests at
low frequency. Moreover, the samples were designed to have
a resonance frequency around 1 kHz for investigation into
the enhancement of β∗ relaxation mode after polarization (as
discussed in the previous section). Figure 12 represents the
ATFs, before and after polarization of the first and second
bending modes of a composite beam at different acceleration
levels (between 0.25 g and 4 g).

The first bending mode occurs at around 180 Hz for this
sample beam configuration, accordingly to figure 12(a). For
both non-poled and poled cases, the results show an amplitude
decrease when imposed acceleration increases, highlighting
nonlinear damping behavior on the dynamic response of the
samples. This phenomenon has already been also observed by
considering friction damping, among other examples of non-
linear damping sources, in structures [33, 47]. These results
agreed with those obtained by DMA tests. Indeed, increasing
vibration amplitude (from 0.25 g to 4 g) increases the strain
level in the material. Based on figure 10, dissipated energy
(loop area) increases with the strain level which explains the
decrease in the vibration amplitude. This significant decrease
could be attributed to intrinsic dissipation mechanisms (local-
ized stick-slip at matrix-particle interfaces, shear, viscoelasti-
city) of the materials previously highlighted for this kind of
sample.

Comparing the resonant peak amplitude between non-
poled and poled configurations, a decrease in amplitudes was
achieved after polarization for a certain excitation level: amp-
litude decreased 25% to 4% for an acceleration from 0.25 g
to 4 g respectively. Data is available in figure 13. Clearly, the
polarization process leads to damping increase in the structure.

Concerning the 2nd bending resonant mode, it is located
at a higher frequency near 1100 Hz (figure 12(b)). As it was
shown for the 1st resonant mode, the amplitude at reson-
ant peak decreases when the imposed acceleration increases,
regardless of the polarization, evidencing nonlinear beha-
vior of the structure. However, for the second bending mode
the decrease in the resonance amplitude is less significant
compared to the first mode: intrinsic dissipation mechanisms



Figure 11. Storage and loss modulus evolution with temperature for non-polled and polled samples: (a) without normalization and (b) with
normalization.

Figure 12. ATF of a composite beam before and after polarization at: (a) 1st bending mode and (b) 2nd bending mode.

Figure 13. Amplitude decrease versus imposed acceleration for the
1st and 2nd bending modes.

seem to be less efficient at this frequency for the 2nd resonant
mode.

Here the comparison of the resonant amplitudes for non-
poled and poled samples at several excitation levels show

a larger decrease in amplitude after polarization, from 54%
decrease at 0.25 g and 40% at 4 g (see figure 13). These
results reveal the great performance of the damping film at
higher frequency for sandwich composite beams with poled
particles.

For laboratory scale structures, the damping performance
achieved in all the frequency ranges is related to the local
transduction-dissipation phenomenon. Based on experiments
this phenomenon seems to be more significant at higher
(1100 Hz) than at low (180 Hz) frequencies. The corres-
ponding frequency of the second bending mode matches β∗

relaxation (figure 11) frequency at room temperature (25 ◦C)
determined by the time-temperature equivalence, as previ-
ously described. The fact that this transduction-dissipation
phenomenon is more highly performant for the second bend-
ing mode could be associated with this equivalence.

Regarding the resonance frequencies variation observed
after the polarization process, a shift of 4 Hz and 48 Hz are
verified for the 1st and 2nd bendingmodes, respectively. These
variations correspond to 2% and 4% of the 1st and 2nd reson-
ance frequencies, respectively. Previous investigations proved
that the shift is not related to the sample positioning in the
shaker or the temperature applied during the poling step. This
phenomenon was already reported by Carponcin et al [26],



Figure 14. ATF of a sandwich panel with two different payload configurations: (a) no payloads; (b) 22 kg payload.

Figure 15. Evolution of the 1st bending mode’s resonance vs
payload.

however it is not clear yet how polarization could lead to this
shift.

3.2. Carbon-fiber aluminum-honeycomb sandwich panel

Different payload configurations were used to study the sand-
wich panel in order to explore a wider energy and frequency
range: adapting the payloads and thus the configuration of the
panel allow us to pilot the resonances towards more useful fre-
quencies depending on the application. However, adding pay-
loads increases the modal density and brings complexity to the
ATF as observed in figure 14.

In order to focus the investigation into damping film influ-
ence at different energy and frequency ranges, only the 1st
bending mode is studied and used as a reference. Indeed, the
1st bending mode shape is almost the same for the panel at
all payload configurations, while the resonance frequency var-
ies (figure 15). The highest resonance frequency is related to
no payload configuration while the lowest frequency happens
with the maximum payload. Tests were performed at low amp-
litude level 0.25 g in order to ensure the structural integrity of
the panels.

Figure 16. Evolution of the quality factor before and after
polarization for different payload configurations.

The experimental results obtained through vibration tests
at resonant condition (1st bending mode) are reported in
figure 16 for the panel with several payload configurations
(frequency). The quality factor (Q-factor), computed from the
average measured ATF, is reported as a function of the fre-
quency before and after polarization. It is important to note
that the Q factor amplitude is inversely related to the struc-
tural damping level: higher Q factor amplitude means lower
structural damping and vice-versa.

Analyzing the results from 250 Hz down to 50 Hz (increase
in payload) for the panel with non-poled particles, an increase
in Q factor (from 250 Hz to 150 Hz) is firstly observed and
then a decrease in the amplitude (from 150 Hz to 50 Hz).

In the 50 Hz to 150 Hz frequency range, enhancement of
structural damping level (decrease in Q factor) as the pay-
load increases is clearly evidenced. The Q factor is estimated
at around 150 at 150 Hz (minimum payload configuration)
while it attains the level of 40 at 50 Hz (maximum payload
configuration). This enhancement of structural damping could
be related, among others, to the dissipation mechanism of
the damping film in the structure. Indeed, as observed from



the DMA tests, the increment of the strain level (payload) in
the damping film leads to high dissipated energy capability
(figure 10).

Beyond this fact, an important point to be highlighted is
the enhancement of the panel structural damping after the
polarization process. A decrease of about 3% in the Q factor
amplitude at 150 Hz is attained while a reduction of 22% is
observed at 50 Hz. Clearly, an increment in the performance
capability of the damping film to dissipate energy after the
polarization process (a damping enhancement of 3% up to
22% with higher strain/energy levels) is observed. This result
agrees with those obtained with DMA tests for poled samples
where the increment in dissipated energywas higher for higher
strain levels (figure 10).

Generally, this investigation reveals that the proposed
damping film has a great capacity for dissipating vibratory
energy from laboratory scale (bulk material sample and small
beam structure) up to industrial applications (panel) thanks to
the transduction-dissipation phenomenon. Indeed, the mech-
anical vibration generates electric charges in the piezoelec-
tric particles which, combined with the electric resistive fillers,
engender new dissipation mechanisms (beyond those mechan-
isms from the polymer matrix). The performance of the damp-
ing film in composite structures has been evaluated extens-
ively through several experimental tests in different opera-
tional conditions. The analyses reveal the damping perform-
ance as a function of the operational frequency and the energy
level. A higher frequency stimulates the damping enhance-
ment observed in the beta relaxation mode, while higher
energy allows the generation of a higher amount of electric
charges in the piezoelectric particles.

Concerning the Q factor level for the panel without payload
(250Hz), it has almost the same amplitude for the case at 50Hz
(maximum payload) indicating high structural damping level.
Moreover, the polarization process does not alter the Q factor
level: a reduction of 2% in Q factor amplitude was observed.
Beyond the fact of low strain level (panel without payload) and
frequency other than 1 kHz, these conditions are not ideal to
highlight the benefits of the damping film.

4. Conclusion

Here a passive vibration damping concept for composite struc-
tures was studied at laboratory and preindustrial scale. Damp-
ing nanocomposite films were elaborated by dispersing piezo-
electric and conductive particles in PA or PEKK polymers
which were subsequently embedded into laboratory scaled
composite beams and preindustrial scaled CFRP-aluminum
honeycomb panels. Furthermore, the material capacity to
dissipate energy was shown via a multi-scale study: from
material-scale up to preindustrial-scale specimen arrange-
ments.

DMA allowed us to identify classical mechanisms of
energy dissipation of the structure at laboratory scale: vis-
coelasticity (viscous damping), stick-slip (interfacial frictional
movement) and shear stresses between carbon fibers and the
constrained film. Additionally, a supplementary dissipation

mechanism was highlighted by an increase in dissipated
energy of up to 34% after the polarization step: local
transduction-dissipation was related to the synergy of piezo-
electric and conductive particles.

This contribution was also highlighted through vibration
tests: at laboratory scale, the study of the 1st and 2nd bend-
ing mode at resonance evidenced remarkable damping per-
formance specifically at high frequency, where an amp-
litude decrease of up to 54% was achieved. However, results
for CFRP-aluminum panels indicated that the transduction-
dissipation phenomenon is not only frequency-dependent but
also energy-dependent: results revealed the increase in struc-
tural damping from 3% to 22%with the imposed energy/strain
on the structure. These results were in agreement with DMA
analysis proving the necessity of multi-scale studies to reveal
the real efficiency of damping for composite structures by
nanocomposite films containing piezoelectric and conductive
particles.
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