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: , finité element simulation is used to optimise a circular
piez ic bi nder actuator. The piezoelectric bender actuator
ase membrane with a circular piezoelectric bimorph
ide of the base membrane by epoxy glue. Many parameters
ered during preliminary design, in which the oscillating
ess, lead-zirconate titanate (PZT) thickness, input voltage
d frequegy play a vital role. The piezoelectric plate will oscillate the
during alternating voltage is applied towards the piezoelectric plate.
nce the pulse voltage is applied to the piezoelectric plate, convex/concave
rmation will occur on the structure. To obtain extreme deflection of the
tuator, it is imperative that thickness ratio of bimorph to the base plate is
optimised. Keeping the base plate diameter and the thickness constant,
a parametric analysis is performed to find the bimorph diameter and its
thickness for maximum deflection. The piezoelectric sheet thickness is chosen
by iterating various thickness of the piezoelectric plate to actuate the
membrane. The numerical simulation results show that for certain Aluminium
membrane thickness, there will be an optimal coupling thickness of the
piezoelectric plate. Transient analysis of this membrane is obtained by
changing the voltage (200V, 0V, —200V, 0V) alternatively in equal intervals of
time.
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It is elecPlcally polarised by the rare characteristic of induced crystalline, when it is
applied to a mechanical force. The compressive and tensional force would therefore
produce voltages of opposite polarity, which will be in some relation to the force applied
(Murugu Nachippan et al., 2015). After that the converse connection needs to be
confirmed, then it attains the polarity of the field in extended or shortened form by the
voltage creating crystal and it needs to be exposed to an electric field. Such
characteristics were graded according to the piezoelectric effect and the inverse
piezoelectric effect. Though the scales of the piezoelectric voltages, travel direction or
force are tiny and it frequently requires amplification, it refers a certain plate of
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piezoelectric ceramic may get surge or reduce in thickness by small portion of a
millimetre (Mathew Alphonse and Ramesh Kumar, 2017).

1.2 Basic piezoelectric modes
Figure 1 explains the basic piezoelectric modes

Figure 1 Basic piezoelectric modes

Thickness Expansion

,: _ ' = —

Thickness Shear
: . Polarizafi@h Diregtion
) A A7
-— _:—_. y i 7
Face Shear

1 Thickness expansion

1.3 Poling of the piezoelectric ceramics

In recent years, piezoelectric and inverse piezoelectric effect is used in many new
applications by employing the techniques like ceramic which is made by metal oxide to
design. So, its physical propertiecs become strong, it is chemically inert and it is cost
effective to manufacture, when compare to the current techniques (DeVoe and Pisano,
1997). In other purposes, the form, dimension and internal composition of ceramic, i.e.,
piezoelectric ceramics may be rendered to order. Approximately the ceramics can be
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produced from the combinations of lead, zirconate, titanate which display the better
sensitivity and it can have better operating temperature when compare to the other
ceramic compositions which is most widely used (Mu et al., 1999). It is not possible to
change the piezoelectric ceramic into piezoelectric material, without the align the random
ferroelectric domain and it could be finished by the process called as poling. This poling
influences the D.C voltage throughout the material. The alignment of ferroelectric
domain leads the induced field in piezoelectric effect, where alignment should be
monitored because the ferroelectric domain should not align completely and it has to

partially align.
The poling voltage, voltage timing detained on the material and temperature is totally
depends on the alignment of domain (He et al., 2000). When poling the mg#@*%ill be

decrease when it is parallel to the electrode.
De-poling the material is possible by moving back the poling

Figure 2 Polarising (poling) a piezoelectric ceramic. g8
to polarisation (left), polarisation in DC e
after electric field is removed (right) (see

@ ﬁ Axis of Polarization

14 jons of forces affecting the piezoelectric element

Since a piezoelectric ceramic is anisotropic, both the path of the electric force or
mechanical applied and the directions upright to the force applied are linked to the
physical constants. Therefore, each constant typically has two subscriptions showing the
directions of the two associated quantities, such as stress and elasticity pressure (Bisegna
and Caruso, 2001).Typically the path of positive polarisation matches with the third axis
of a rectangular configuration of the X, Y, and Z axes (Figure 3). Direction X, Y, or Z is
represented respectively by subscription 1, 2, or 3, and shear along one of these axes is
represented respectively by subscription 4, 5, or 6.
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Figure 3 Directions of forces affecting the piezoelectric element (see online version for colours)

Polarization

1 Piezoelectric benders

Frequently the piezoelectric benders are used to generate th
displacement abilities. The benders will work as same as the bi
Figure 4 shows the typical view of the piezoelectric bender.

Figure 4 Piezoelectric bender

strains pli cases contraction and expansion pf the passive plate surface. The crosswise
deformatfon per unit Voltage commencing from the bimorph is higher than the
piezoelectric material. Bimorphs consist of two or more piezoelectric layers for
construction. An anamorph i.e., Single piezo electric is used for study purpose, while the
term is not commonly used (Kusculuoglu et al., 2004). Two classification are available
and they are the two-electrode bimorph and the three-electrode bimorph as in
Figure 5.
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Figure 5 Configuration (see online version for colours)
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When serial type is associated, one out of two cer;
direction of the polarisation. In this case to get ri
employed is limited. These kinds’ serial
sensing force and acceleration. However, the ¢
(Zhang et al., 2014).

yed opposite to the
of the polarised’effect, the electric filed
orph berjders are mostly used for

2 Problem solution tec

2.1 Literature

Lot of research w

hen, 2018). The comparison lists a three-dimensional
ctangular, simply supported, multi-layer, laminated
1ve pbpte (Ray et al., 1993). Investigations has carried out for
ly supported) plates using a FE formulation, with various
ypes (Shah et al., 1993). When piezoelectric patches are envisioned
ations, the ideal positioning of the patches is at the places of highest
displacS@aens in free vibration of the plate (Batra et al., 1996). Thin plate theory is used to
find finesPactuator to plate thickness ratios for various Young modulus ratios by enhance
the moment applied by a double layer piezoelectric actuator.

To determining the optimum thickness ratio and affecting the external applied forces
on results are studies (Chaudhry and Rogers, 1994). And also, often estimate finest length
ratios on a rectangular plate with fixed edges for a rectangular actuator area, the edge
fixed condition being analogous, outside to an applied moment. Based on Cartesian axis,
the above analyses are dynamic to the thoughtful of bimorph performance not able to
apply to the circular case. Circular bimorphs domain has been analysed by at least two
studies. A FE (finite element) system for flat, axisymmetric plates is also studied
(Dobrucki and Pruchnicki, 1997). For the displacement of a bimorph an analytical
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solution is given for and also clasps the piezoelectric. The study also suggests free edges
and a symmetric, dual-layer actuator. To boost the radius of a piezoelectric resonating
actuator by increasing the thickness ratio studied (Hao et al., 2017). The effect of
deflection on the micro cantilever beam is performed to optimise the different parameters
such as length, thickness and the material’s modulus by Young. The shape of the micro
cantilever beam is varied, and the modified micro cantilever beam is found to provide
improved micro cantilever beam deflection (Nasedkin, 2017). In this work, a circular
shape piezoelectric with bimorph actuator is numerically analysed with various thickness
and material of actuator and suitable thickness and material are found out to improve
deformation of the piezoelectric actuator.

2.2 Problem definition

this piezoelectric simulation in ANSYS are

e to find the best material for the base membr
materials are selected for the analysis, name

e To find the optimum piezoelectric b ickness for maximum deflection for a

particular applied voltage of 200 volt

3 ANSYS piezoelecfgic

dicular to the plane of the circular bimorph and the base
SYS, the active z-coordinate is the direction of poling of
mesh generated (Figure 6). In order to create a series bimorph,

for the analysis. Correspondmgly proper symmetric boundary condmons are applied on
the periphery of the volume mesh (Hagood et al., 990). The outer periphery of the base
membrane is fixed against all translations (UX, UY, and UZ). Refer Figure (DeVoe and
Pisano, 1997). Then a voltage (200 Volts) is applied between the top surface of the top
piezo patch and the bottom surface of the bottom piezo patch. The piezoelectric bimorph
with base membrane deflects the applied voltage along the globally positive y-direction.
If the polarity of the voltage applied is reversed the deflection takes place in the opposite
direction (Soloviev et al., 2018).
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Figure 6 The geometry of the circular piezoelectric bimorph actuator (see online version
for colours)
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3.2 Finite element model

In this ANSYS program, the element SOLID22@ has been carrieg?for both the cases out
of many 2D and 3D elements available for piefelectric anhlysis (Roshani et al., 2018).
Possible piezoelectric analyses available in th
stressed modal, harmonic, pre- stressed : ent (Xu and Koko, 2004).

individual element has 20 nodes w1th up five OPorees of freedom per node (UX, UY,
UZ, TEMP, and VOLT). Flgu [

.

Prism
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Figure 8 The 3D mesh of the piezoelectric bimorph with base membrane (see online version
for colours)
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3.3 Boundary conditions

In general boundary conditions are the major soyfce to initiate the)problem, especially the
perfect boundary conditions can able to providgiacceptable humerical simulation results.
Figure 9 reveals the basic boundary conditio pplied gin the circular piezoelectric
bimorph with base membrane, in whic nditions has been given to the
outer part of the circular piezoelectric and the reference model of this paper
geometrically comes under symmetric ¢
for the analysis and thereby sides Rf the model is given symmetric boundary
condition

Figure 9 Boundary cogfiti oelectric bimorph actuator (see online version for colours)

Symimetric Boundany e
L Condetion
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Figure 10 shows the voltages applied to the top and bottom piezoelectric patches.

Figure 10 The voltage applied to the top and bottom piezoelectric patch (see online version
for colours)
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Table 1 Mechanical properties of the m

Material Young’s Modulus (GPa) Phlisson’s ratio Density (kg/m®)
Aluminium 0.34 2689.8
Copper 0.34 7764
Silicon 11 0.28 2330

ete details of the mechanical properties of the circular

perties of PZT
Symbols Values
p 7800
Tand 0.026
Anisotropf¢ elasticity (1072 m%/N) D11 15.0
D22 =D33 19.0
D12=D21 —4.50
D13=D31 -5.70
D23=D32 -5.70
D44 = D55 39.0

De6 494
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Table 2 Mechanical properties of PZT (continued)

Parameters Symbols Values
Electric Permittivity (10" F/m) e 1.75
el 1.75
2 2.12
Piezloelectric matrix (Piezoelectic strain coefficients) d31 -2.10
(107 ° m/V) d3> -2.10
d33 *
d24 5.80
dis 5.80
4 Results

4.1 Structural analysis

Figure 11 shows the deflected shape of thegfpiezoelectric orph with the base
membrane, in which the maximum deflection oficurred at the centre of the PZT bimorph
actuator and the minimum displacement, is occul@id at the ojiter part of the PZT

Figure 11 Deflected shape of the piezoelec
version for colours)

e base membrane (see online

A typical isometric view of the PZT bimorph actuator deflection has been shown in
Figures 12 and 13.
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Figure 12 Isometric view of the deflected shape (see online version for colours)

AN

STEP =1
suD=1
TIME=1

PATH PLOT e
1= [LVLELET B
woD 2= 3712 T
L

e
Figure 13 Deflection curve along a diametral line (see version ours)
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42  CoMbarative result analysis

In this paper, comparative structural analyses have been carried out, in which the
analyses comprise three materials with different thickness, varies from 1x 10 m to
7x 10* m. The overall deflection results in the z-direction for different thickness have
been revealed in Figure 14. In this paper inverse piezoelectric effect, in which the voltage
value has been given as constant input and then the corresponding deflections are noted
for all the materials. In piezoelectric effect, high force and thereby high deflection can
able to provide more electricity hence the comparative analyses mainly targeted the
deflections output in order to predict the suitable material for PZT and its design.
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Figure 14 Comparative results UZ(m) vs piezo thickness(10™*m) for three materials (see online
version for colours)
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At piezo-thickness 7 x 10 *m, all the deflections are the
conditions and at the piezo thickness of 1 x 10 m; the
the aluminium compared to the other two materials

4.3  Transient analysis

To predict the damping ratio, transient analysi arrieg/ out and the stability for the
circular piezoelectric bimorph while un{ugges load™*ftic resulting plot has been shown
in Figure 15, in which the fundamental dy ping estimation have been estimated.
ipplied is 0.2424 N, overall time process is
nm and X, + 1 = 0.612988 mm.

Figure 15 Transient ana. version for colours)
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By logarithmic decrement method, we know logarithmic decrement

5=—log, )f (1)
where
n: number of cycles considered
X maximum amplitude in the first cycle
X1 Maximum amplitude in n + 1 cycle.
Substituting the values in equation (1) and then

§=4.493165x10"
We also know that

)
R ©)

where { = Damping ratio
Substituting the values in equation (3) and then

{=7.15109x 10°*

¥piezo€lectric bimorph with the membrane is

The value of the damping ratio
i which means after the load applied the

below one so the system Q ]

reference model undergoes

5 Conclusion

of Mechani roduct Launcher. The effect of thickness on deformation is
i ickness and it is found that circular piezoelectric bimorph with

deformation of the circular piezoelectric bimorph. Hence it is found that the deformation
of the membrane is proportional to the drive voltage and frequency.
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