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1. Introduction

Smart materials have received considerable atten-
tion in the field of automation due to their ability to facilitate
in measurement and control operations [1]. Piezoelectric
materials are frequently employed in energy harvesting,
health monitoring and vibration damping etc., due to their
strong electromechanical coupling, significant blocking
force, high stiffness, and quick response [2-5]. Lead zirco-
nium titanate (PZT), one type of piezoceramic material, has
a high structural stiffness that generates large actuation
force. The lead-based piezoceramic is widely used in a va-
riety of industrial applications, but it has some limitations,
including the brittle nature of ceramic material, low flexibil-
ity, and low conformance to curved structures, which can
lead to early failure and low stability. Addition to these, the
presence of lead, which is banned by the Restriction of Haz-
ardous Substances (RoHS) directive of the European Union,
is its main drawback. Due to a new regulation, harmful ma-
terials like lead, mercury, cadmium, and hexavalent chro-
mium are banned from use in electronic components[6].
Polyvinylidene fluoride (PVDF) is another widely used pi-
ezoelectric material, that is significantly more elastic than
piezo ceramics but provides low actuation forces.

The mechanical limitations, mentioned above are
mostly alleviated by introducing piezoceramic fibers into
ductile polymer matrix [7-9]. Smart Material Corp. is pio-
neered to develop this type of composite [10]. The second
type of Active-Fiber Composite (AFC) actuator, was cre-
ated by MIT and that was the first composite actuator em-
ployed primarily on actuation of structures [9, 11]. The
NASA Langley Research Center developed the third type
known as Macro Fiber Composite (MFC) in 1999 [12]. The
developed MFC is flexible which allows it to easily conform
to a curved surface. The other MFCs are mainly composed
of piezo-ceramics fibers, matrix material, and electrodes
with d31 and d33 configuration modes. In MFC-d31 polar-
ization of piezoelectric material occurs perpendicular to the
piezo-ceramics fibers orientation, while in MFC-d33 the po-
larization occurs parallel to the orientation of the piezo fiber.
As a result, MFC-d33 can generate actuation forces using
the d33 effect, which is often significantly larger (approxi-
mately 2 times) than the d31 effect. Due to these unique fea-
tures of piezoelectric fiber composites, significant work has
already been done to incorporating this smart material with
structures for health monitoring and vibration control [3, 9,
10, 13]. Pandey and Arockiarajan did an intensive study on
MFCs to investigate their actuation performance. A 2-di-

mensional model based on Kirchhoff plate theory was cre-
ated using ABAQUS platform, and numerical simulation
was done on the model to validate it with experimental re-
sults for MFC bonded with uni-morph structure. The bi-
morph configuration was investigated using this methodol-
ogy. Parametric studies were also conducted and presented
to study the effect of thickness of plate and piezo-electric
fibers orientation on MFCs performance. [14]. Shun-Qi
Zhang et al. developed a finite element model of thin-walled
smart composite integrated with MFCs (d33and d31 types)
having different piezo fiber orientations. The actuation ef-
fect of MFC-d33 and MFC-d31 on smart composite were
examined. The finite element model was confirmed with re-
sults obtained from a cantilever plate structure integrated
with MFCs (d33 and d31) patch-es. Furthermore, the sim-
ulation results also confirm that the d33 patch generates ac-
tuation force approximately two times higher than d31 patch
[9]. Yu Shi et al. proposed a new bonding technique to inte-
grate the PZT energy harvesting element (MFC-8528, P2)
onto the surface of the carbon fiber composite (CFC) air-
frame. A vacuum bag system and a co-curing technique
were used to fabricate the MFC on the CFC surface. To ver-
ify the efficiency of the proposed bonding technique, vibra-
tion tests were per-formed to compare the energy harvested
by the proposed technique with direct mechanical bonding
method. The findings showed that the proposed methodol-
ogy is more effective than direct bonding. [15]. W.K. Miao
et al. per-formed an investigation to control the active vibra-
tions of the cantilever beam by using MFC actuators and
sensors. Two MFCs patch were applied for active control of
the cantilever beam, and the third patch was applied as a
sensor. The active vibration control (AVC) of the first two
vibration modes was executed by applying the proportional
derivative (PD) control algorithm and the fuzzy control al-
gorithm. The results showed that the vibrations of the first
two modes of beams were effectively suppressed by MFC
actuators and sensor. The techniques used in the experi-
ments can be implemented in different fields to control
vibrations [16]. Cihang Xie et al. reported on the active
vibration control of the lattice grid beam using piezoelectric
fiber composite as actuator. A new AVC methodology was
applied using the fractional order PDp algorithm to suppress
the vibration in beam and simulation was performed on the
beam, when it is subjected to a variety of dynamic loads in-
cluding harmonic excitation, step excitation and initial dis-
turbance etc. So, it has been proven that vibration amplitude
can be suppressed more dramatically and quickly while us-
ing the suggested control methodology compared to the tra-
ditional integer-order PD technique[17] . Marinangeli et al.
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did work on the active vibration control (AVC) of a CFC
plate having free edges. A modal vibration exciter was used
to excite the plate out of the plane, and MFC transducers
were integrated with plate to damp the vibrations. The
MFCs based actuators and sensors were placed on the plate
using the maximal modal strain rule to suppress the vibra-
tions in second natural mode. The second mode of vibration
could be effectively controlled using both integer and frac-
tional-order positive position feedback (PPF). The proposed
fractional-order controller technique was found to be more
efficient in terms of obtaining the same efficiency with a
lower actuation voltage. Furthermore, the results validate a
positive performance in reducing the spill over effect caused
by uncontrolled modes [18]. Jaroslaw Gawryluk et al. car-
ried out extensive research on the vibration amplitude re-
duction of the cantilever composite beam. Numerical stud-
ies and experiments were performed on the composite beam
integrated with the MFC-8528-P1 actuator. The propor-
tional (P), derivative (D) and PD controls algorithms were
implemented to control the vibration and to determine the
time constant and validate the proposed idea. Moreover, the
finite model of composite beam was developed by using
ABAQUS software, and control algorithms were imple-
mented on the model to check the possibilities of vibration
reduction. The experimental and numerical results verified
that the control algorithms have a significant effect on vi-
bration amplitude reduction of beam [19].

After reviewing the extensive literature, the au-
thors conclude that there is a lack of a quantified compara-
tive study on the use of MFC actuator over various engineer-
ing materials in the vibration reduction field. This motivates
the current work to use MFC controllers with three types of
materials in vibration control applications. These materials
are Polylactic acid (PLA), PLA with short carbon fibers
(PLA-SCF), and PLA with continuous carbon fibers (PLA-
CCF). In this work, MFC8507-P2 [10] is integrated with
cantilever beam and the finite element (FE) model of beam
is created with three different aforementioned material prop-
erties in ANSYS software. To limit the dynamic amplitude
of the vibrating cantilever beam, variable voltages are pro-
vided to integrated MFC8507-P2 patch and the actuation
performance is studied.

2. Control model and MFC details

The basic model for actuator-based control and
MFC actuator details are discussed here.

2.1. Vibration control strategy for linear system

A linear system with controller is represented by a
set of differential equations. The state-space representation
is widely used model to describe the control system and it is
given as follow [20]

X(t) = Ax(t) + Bf (1), 1)

y(t) = Cx(t) + D (). (2)

The state vector represented by x(t) and X(t) isthe

differentiation of it respect to time t. The state vector con-
sists of displacement and velocity in the above equations.
The time-varying input and output vectors are represented
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as f(t) and y(t), respectively. f(t) can be either the external
excitation only or excitation with feedback control force. A
and B are known as system and input matrix, respectively.
These two matrixes are constant for a time-invariant linear
structure. The system matric A convey the information
about mass, stiffness and damping of the system in case of
a dynamic structure whereas input matric B carries the in-
formation of location of external forces. The C and D are
observed matrix and feed through matrix, respectively. Sim-
ilar to the B, feedthrough matrix D determines the location
of controlling forces. If a zero initial condition, i.e. x(t =
=0)=0 applies in Egs. (1) and (2), one may derive the output-
input relation using the Laplace transform as follows:

y(s)=[C(sl =A)"B+D] f(s)=H(s) f(s). (3)

H(s) donates the transfer function of the system in
a single input and single output (SISO) system, while it is
considered transfer matrix in case of multi-input and multi
output (MIMO) system as it given here:
H(s)=[C(sI-A)'B+D]. 4)
where: s is the complex variable in Laplace domain and 1 is
the identity matrix. By following above mentioned formula-
tion, infinite modes should be controlled simultaneously for
a beam structure, but it may not be possible to control all the
modes simultaneously in practice. In order to control vibra-
tions, the actuators are often integrated with the system to
lower the amplitudes of few initial modes. The leftover
modes are categorized as residual modes. This approach
works for most of the scenario.
Now, the dynamic equilibrium equation for a dis-
cretized system can be expressed as:
MX (t) + CX(t) + Kx(t) = f(t). (5)
The mass M, damping C, and stiffness K matrices
can be derived using analytical, numerical, or experimental
approaches. The input vector f(t) works here as exciter. The
coupled equilibrium equation of motion can be decoupled

using an orthogonal transformation into its modal coordi-
nates:

x(t) = Y, (1), ©®)
j=1

where: @;represents mode shape and modal response given
by #;(t). By taking advantage of linear structure, total re-
sponse is presented as superposition of modal responses.
Using above orthogonal transformation in Eqg. (5), the equi-
librium equation in modal coordinates would be as follow:

1;(t) + 28, (t)+wr?”j(t) :,”71¢jf(t)- (7
The modal mass matrix is represented by u. In the
above equation, the modal damping and natural frequency
ratio are given by { and wn, respectively. Using the above
equation, one can rewrite the Eq. (1) as given bellow:
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Again Eqg. (2) can be obtained for three different
outputs as given here:
a) Displacement;

y= |:¢J 0n><n :||:Z:| : (9)

b) Velocity:
n
y=[0pa 4>,-]H. (10)
n
¢) Acceleration:
n -
yz[_fpjwf —243].@]{’_]}45].# ‘@] f. (11)

2.2. Constitutive equations for MFC

The MFC actuator, used here i.e. MFC8507-P2 is
made up of seven different layers, including one active layer
and two acrylic and kapton electrode layers positioned on

D,=[e, e 0 0 0]¢,
3. Finite element modelling of the system

The current design study, includes a piezoelectric
microfiber composite (MFC8507-P2) as an actuator inte-
grated on a cantilever beam. The cantilever beam is modeled
with three various mechanical properties, i.e. PLA, PLA-
SCF, and PLA-CCF individually. The whole system is mod-
eled in the ANSY'S software and the control performance is
observed by tuning the voltages, supplied to the MFC actu-
ator.

3.1. Details of beam with MFC actuator

The Finite Element Model (FEM) analysis has
been used to simulate the dynamic characteristic of the com-
posite structure. In current proposed study, ANSYS / Work-
bench platform has been used to model the cantilever beam
of size 120 mmx20 mmx1.35 mm with a MFC-8507P2 as
actuator of active size 85 mmx7 mmx0.3 mm [10, 21]. The
geometrical features of cantilever beam and MFC-8507P2
to define 3D geometry are presented in Fig. 1.

The mechanical properties of the materials have
been presented in Table 1 and the material properties of the
MFC patch are given in Table 2. The 20-node quadratic
brick SOLID 186 and SOLID226 have been implemented
for the cantilever beam and MFC actuator respectively. The
SOLID226 elements solve the constitutive equations for an
elastic piezoelectric solid. In addition, to improve the solu-
tion accuracy of the 20-node quadratic elements in model-
ling of highly curved structures, it is recommended to utilize

top and bottom of the active layer, respectively [7]. Piezoe-
lectric fibres are incorporated into a structural epoxy matrix
in the active layer. The electrode layer is made up of inter-
digitated copper rods embedded in an epoxy matrix. The
MFC may conform to the curved surface due to the flexibil-
ity of the epoxy that surrounds the fibers and copper rods.
The protective layers for the MFC are made of acrylic and
kapton films. MFCs can be categorized as d33 (P1 type) and
d31(P2 type), depending on the orientation of fibers and pol-
ing directions. The poling direction and applied electric field
are both parallel to the fibre orientation in the d33 type.
While in the d31 type, the poling direction and the applied
electric field are perpendicular to the fiber orientation. The
0° fibre orientation is commonly found in both types of (d33
and d31) of MFC. The constitutive equations of piezoelec-

tric materials, with o and D as dependent variables and €and
E as independent variables, can define the sensing and actu-
ation performance of MFCs as expressed below:

(12)

_E
Oij = Ciju € ~ Eyij E,,

T &
D, =e,&; — X Ey.

n (13)

The description of the Egs. (12) and (13) and deri-
vation of matrices from these equations cab be found in lit-
erature [7]. In d33, the electric field is applied in thickness
direction due to the electrode configuration. So, the consti-
tutive equation for d31 type MFC would be as below [7]:
Ey Ty Tn YeltXuE. (14)
20-node elements throughout when element types are inte-
grated within a single model to ensure that each node on ad-
jacent elements coincides. The element density for the
modal is sufficient to properly evaluate the behaviour of the
beam and it is investigated that further mesh refinement has
no considerable effect on the beam’s dynamics behaviour
[22]. After modelling the geometry, proper meshing has
been carried out until little or no further changes in the com-
puted natural frequency are observed. The goal of a refine
meshing is to get more accurate findings, but using an ex-
cessively fine mesh will take longer time to calculate the re-
quired output, making it unsuitable to use. The current
model includes a total of 400 SOLID186 elements for the
beam and 102 elements within the MFC volume. The
MFC8507-P2 patch has been integrated with cantilever
beam, at 10 mm away from the fixed end of the cantilever
beam, and the connection between the MFC8507-P2 patch
and the cantilever beam is of the bonded type.

MFC Actuator 0.3
E1.35
Composite
Beam

}7 20

10 85
It |
[+ »|

120

Fig. 1 View of cantilever beam with bonded MFC-8507P2




Table 1
Mechanical Properties of PLA, PLA-SCF and PLA-CCF
[23-25]
Characteristics PLA PLA-SCF | PLA-CCF
Density, kg/m? 1240 1350 1552
Young's modulus, MPa 3500 7541 25940
Poisson's ratio 0.36 0.4 0.24
Shear modulus, MPa 1286 2693 4950
Tensile strength, MPa 54.7 53.4 245.4
Table 2
Material properties of MFC8507-P2 [9, 10, 14, 15, 26]
Characteristics MFC-8507P2
, E3=30.336
Young's modulus, GPa F3-F1=15857
G12=G13=5.515
Shear modulus, GPa G23=5515
Poisson's ratio V12=v13=031
v23=0.438
. . . d31=-170
Piezoelectric dielectric constant, pC/N T32=-100
Density, kg/m? 5400

4. Results and discussions

The system is characterized by its modal behav-
iour, and then the amplitude reduction efficiency has been
tested under varying currents to the actuator. The final re-
sults are presented in the article.

4.1. Calculation of mode shape and natural frequencies

The first part of the numerical simulation analysis
was dedicated to determine the natural frequencies and
mode shapes of the cantilever beam. The first eight natural
frequencies of the beams made of PLA, PLA-SCF, and
PLA-CCF are presented in Table 3. The mass and stiffness
of each material increase slightly due to the addition of
MFC8507-P2 patch, and thus the natural frequencies of the
beams are differing from actual cantilever beam. From
Fig. 2, it can be observed that modes 1, 2, 5, 7 and 8 are
bending modes (symmetric modes) and modes 3, 4, and 6
are torsional modes (asymmetric modes) for beams made of
PLA and PLA-SCF. While for PLA-CCF, modes 1, 3, 6 and
8 are bending modes (symmetric modes) and mode 4 is
translational and 2, 5 and 7 are torsional modes. As observed
from the Table 3, the initial modes are bending thus the pro-

posed controlled algorithm is focused to restrain the ampli-
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tude of bending modes. Therefore, only bending modes of
the cantilever beams made of PLA, PLA-SCF, and PLA-
CCF are presented in Fig. 2. The Table 3 summarizes the
modal frequencies cantilever beams made of PLA, PLA-
SCF, and PLA-CCF, and it can be observed that the modal
frequencies increase from PLA to PLA-SCF to PLA-CCF.
The natural frequencies of the material depend on their me-
chanical characteristics i.e., mass and stiffness of the struc-
ture. The structure with higher stiffness and lighter mass is
considered to have higher resonance modal frequencies
value [27, 28]. It can be confirmed from Table 2 that PLA-
CCF has the maximum stiffness, while PLA has the mini-
mum and PLA-SCF has intermediate stiffness.

4.2. Estimation of amplitude reduction

The further step of this numerical simulation anal-
ysis has been dedicated to check the effect of MFC8507-P2
patch on the vibrating cantilever beam to limit the response
amplitudes.

First, transient analysis is performed to estimate
overall reduction. One may obtain the interested responses
by following Eqgs. (1), (2), (9), (10) and (11). Here, the dis-
placement responses are estimated by Eq. (9). The variable
voltages, i.e., 0 mV, 2 mV, 4 mV and 6 mV, are supplied to
the actuator (MFC8507-P2) and at the same time 0.1 mN
impact load is applied at the free end of each cantilever
beam individually. The variations in responses are recorded
and the amplitude reduction factor is calculated in two ap-
proach - on peak-to-peak (PP) and root mean square (RMS).
The PP approach gives the local information regarding the
reduction while RMS approach gives the overall reduction
factor. The transient responses of beams made of PLA,
PLA-SCF and PLA-CCF have been presented in Figs. 3, 4,
and 5, respectively. Table 4 presents the maximum and
RMS amplitude of the displacement responses. From
Figs. 3, 4, and 5, it is clear that with increment of actuation
voltage, the controlling force is increasing as explained in
Eqg. (2). Thus, the amplitude of the vibration is reducing. The
amplitude reduction for PP values for cantilever beams
made of PLA, PLA-SCF and PLA-CCF varies, from 9.52%
to 28.57%, 14.29% to 29.68%, and 10.4 3% to 31.32%, re-
spectively, when the supplied voltage varies from 2 mV to
6 mV. While, the amplitude reduction in case of RMS val-
ues for cantilever beams made from PLA, PLA-SCF and
PLA-CCF varies, from 7.24% to 18.55%, 9.12% to 22.94%
and 10.45% to 31.42% respectively as supplied voltage var-
ies, 2 mV to 6 mV.
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Fig. 2 Bending mode shapes of cantilever beams made of PLA, PLA-SCF and PLA-CCF
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Table 3
Mode shapes of cantilever beam made of PLA, PLA-SCF and PLA-CCF
Mode PLA PLA-SCF PLA-CCF
Frequency, Hz Mode shape Frequency, Hz Mode shape Frequency, Hz Mode shape
1 32.842 1st bending 43.624 1st bending 139.69 1st bending
2 215.58 2nd bending 274.57 2nd bending 631.14 1st torsional
3 355.43 1st torsional 483.25 1st torsional 844.03 2nd bending
4 380.43 2nd torsional 502.07 2nd torsional 1739.8 1st translational
5 579.06 3rd bending 747.86 3rd bending 1990.4 2nd torsional
6 1096.9 3rd torsional 1432.8 3rd torsional 2319.8 3rd bending
’ 1097.5 4th bending 1439.1 4th bending 3739.0 3rd torsional
8 1796.1 5th bending 2360.3 5th bending 4505.3 4th bending
52100 at the first natural frequency, mostly [21]. Therefore, in this

——without voltage —-——2mV -——--4mV — — -6mV
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Fig. 3 Vibration response for cantilever beam made of PLA
with different control voltage
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Fig. 4 Vibration response for cantilever beam made of PLA-
SCF with different control voltage

The transient analysis gives an overall amplitude
reduction information. Thus, to investigate the reduction
factor in modal coordinate, the frequency response analysis
is performed as the mode by mode inspection reveals more
details [29-31] . In practical scenario, it has been observed
that the highest displacement of the vibrating beam occurs

study, the first two modes of two samples (i.e., PLA and
PLA-SCF) and only the first mode of PLA-CCF are targeted
in order to reduce the vibrating amplitude of the beam. The
reason to select only the 1%mode of PLA-CCF is that the 2"
resonance frequency mode appears at high frequency (844
Hz), which is beyond our interest and observation.

4 210

0.064
0.15

t (sec)

Fig. 5 Vibration response for cantilever beam made of PLA-
CCF with different control voltage
Table 4

Vibration amplitude in cantilever beams made of PLA,
PLA-SCF and PLA-CCEF in time domain

Volt- PLA, um PLA-SCF, pum | PLA-CCF, um
Xmax RMS Xmax RMS Xmax RMS

0 2.130 | 0.355 | 1.3719 | 0.2486 | 0.3410 | 0.0520
2 1.924 | 0.330 | 1.1991 | 0.2261 | 0.3054 | 0.0466
4 1.723 | 0.308 | 1.0316 | 0.2070 | 0.2697 | 0.0411
6 1.532 | 0.290 | 0.9846 | 0.1919 | 0.2342 | 0.0357

In frequency domain analysis, variable voltages,
ie, 0v,2 mV, 4 mV and 6 mV, are supplied to the



MFC8507-P2 patch and at the same time 0.1 mN load is ap-
plied at the free end of each beam individually. After apply-
ing variable voltages to the MFC8507-P2 actuator, the am-
plitude reduction on the corresponding voltages for cantile-
ver beams made of PLA, PLA-SCF and PLA-CCF are ob-
tained. The amplitude reductions for cantilever beams made
of PLA, PLA-SCF and PLA-CCF have been presented in
the inset portions of Figs. 6 — 8, respectively. Table 5 sum-
marizes the amplitude reduction for cantilever beams made
of PLA, PLA-SCF and PLA-CCF with respect to increasing
voltages. In case of first mode, we observe improvement in
amplitude reductions for the beam made of PLA, PLA-SCF
and LA-CCF, 4.28% to 12.84%, 6.49% to 19.495 and
10.34% to 31.32 respectively when supplied voltage varies
from 2mV to 6mV in MFC8507-P2 patch. However, in the
second resonant modes of beam of PLA and PLA-SCF, a
significant decrease in amplitude is observed.
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Fig. 6 Amplitude spectrum of cantilever beam made of PLA
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Fig. 8 Amplitude spectrum of cantilever beam made of
PLA-CCF

By comparing the amplitude reduction factor for
mode by mode, from Fig. 9, it is evident that the vibration
of mode 2 is more suppressed with this control strategy. As
given in Eq. (2), by changing the feedback matrix, the loca-
tion of control force can be altered.

By comparing the time domain and frequency do-
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main analysis, it is observed that the RMS values (time do-
main) are more consistent as it gives the overall information
and it supported by the mode by mode reduction inspection.
It can be confirmed from the results that the cantilever beam
made of PLA-CCF exhibits the highest amplitude reduction,
while the cantilever beam made of PLA-SCF and PLA show
intermediate and lowest amplitude reduction. The results
confirm that a higher stiffer material could increase the ac-
tuation performance of MFC8507-P2 patch in application of
vibration control.

Table 5

Modal amplitude in cantilever beam made of PLA, PLA-
SCF and PLA-CCF in frequency domain

Voltage, PLA, pm PLA-SCF, uym | PLA-CCF, pm
mV Model | Mode2 | Model | Mode2 Mode 1
0.0 199 84 182 61 35
2.0 190 57 170 36 31
4.0 182 30 158 11 28
6.0 173 4 146 14 24
a0 [pa | (O M- N Modle-2 [PLa-scr |
0 1 80

% b 1 gSD'

-TE' 20 | E—JO

20 I 200
m [ | I | ..l I I

4
Voltage (mV)

Voltage (mV)
Fig. 9 Comparison of mode by mode amplitude reduction of
cantilever beam made of PLA and PLA-SCF

5. Conclusions

Based on the results demonstrated in article, the
following conclusion has been drawn:

1. The amplitude reduction in PP values of ampli-
tude reduction for cantilever beam made of PLA, PLA-SCF
and PLA-CCF was found from 9.52% to 28.57%, 14.29%
t0 29.68%, and 10.43% to 31.32%, respectively over time,
when the supplied voltage varies from 2 mV to 6 mV in
MFC8507-P2 patch Whereas, the vibration reduction in
case of RMS for cantilever beam made of PLA, PLA-SCF
and PLA-CCF is found, from 7.24% to 18.55%, 9.12% to
22.94% and 10.4 5% to 31.4 2% respectively as supplied
voltage varies, 2 mV to 6 mV.

2. In frequency domain amplitude reduction factor
is calculated mode by mode for cantilever beam made of
PLA, PLA-SCF and PLA-CCEF. In case of first mode of can-
tilever beam made of PLA, PLA-SCF and PLA-CCF, the
amplitude reduction varies from 4.28% to 12.84%, 6.49% to
19.495 and 10.34% to 31.32, respectively, when supplied
voltages are provided from 2 mV to 6 mV to MFC8507-P2
patch. While in case of second mode of cantilever beam
made of PLA and PLA-SCF, the amplitude reduction is very
rapid because the amplitudes for second resonant modes are
very small and do not have dominant effect on vibrations.

3. The time domain and frequency domain results
confirm that the RMS values are more consistent and robust



with the frequency domain values as compared to PP values
of vibrating beams.

4. Moreover, the results show that an MFC-based
actuator performs better in vibration control for the material
that has high stiffness. In the study, it is found that the MFC
actuator is best suitable for cantilever beam made of PLA-
CCF. As the amplitude of the vibration in cantilever beam
made of PLA and PLA-SCF is higher (compare to PLA-
CCF), it becomes more difficult to reduce the amplitude by
this type of actuator.

The authors are planning to carry out this study
with experimental validation and communicate the findings
in near future.
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ACTUATION PERFORMANCE OF MACRO FIBRE
COMPOSITE (MFC) AS ACTUATOR IN VIBRATION
REDUCTION OF CANTILEVER BEAMS

Summary

This study proposes a vibration suppression tech-
nique that uses piezoelectric material to restrict the dynamic
amplitudes of a cantilever beam. The finite element analysis
(FEA) model of the cantilever is created and incorporated
with Macro Fiber Composite (MFC8507-P2) in the ANSYS
framework. A comparative study has been performed using
three different types of materials i.e., Polylactic acid (PLA),
PLA with Short Carbon Fibers (PLA-SCF Composite), and
PLA with Continuous Carbon Fibers (PLA-CCF Compo-
site), for the beam. An external disturbance causes the
beam to vibrate, and the MFC8507-P2 patch provides a
counter-force to the structure to reduce vibrations. The
MFCB8507-P2 patch is placed at an appropriate location on
each beam to suppress vibration induced by the initial fun-
damental modes. Modal analysis has been performed to find
the natural frequencies and the contribution of each mode to
the overall response under dynamic loading conditions.
Transient structural analysis is performed to observe the in-
fluence of the MFC8507-P2 patch on vibration amplitude
with time. Furthermore, frequency response analysis has
been performed to determine the impact of the MFC8507-
P2 patch on the vibration amplitude of the natural modes.
The vibration response has been measured at the tip of the
beam and the simulation results validate that the vibration
amplitude decreases as the applied voltage increases.

Keywords: vibration amplitude, cantilever beam, Macro Fi-
ber Composite (MFC), composite, modal analysis, voltage.
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