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Introduction to Piezoelectricity
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Introduction to Piezo-Wafer

» Thickness less than 0.3mm

> Brittle in nature

» Surface-mounted, inserted between the layers of lap joints.

»Intrinsic electromechanical (E/M) coupling, so can be used as sensors and
actuators.

»Used as elements of intelligent structures, MEMS, structural health monitoring
systems, PWAS etc.

»Difficult to use as actuator due to less blocking force. Recognizing this, major

elements based on the single wafer, the unimorph and stack were developed.
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Application of Piezo-Wafers

Structural Health Monitoring Systems
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Objective

UThe intrinsic electro-mechanical coupling property and quick response time of
PZT wafer makes it operational in energy harvesting applications.

UAnN experiment is performed to demonstrate the generation of electrical energy
with the aid of harvestable ambient vibration energy.

LExamination on how the electrical energy output varies with different vibrating
frequencies is carried out in open circuit.

UThe experimentally obtained results are numerically modelled using Finite
Element in ABAQUS.
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Experiment
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Geometric configuration of cantilever beam with PZT wafer patch

PZT Wafer

Fixed B.C

Mild Steel Beam

> Epoxy

Material and geometric parameters of PZT wafer and Cantilever beam

ltem Value
Mild Steel- Beam dimensions 155 x 20 x 0.35 mm
Mild Steel- density 7798 kg/m3

Mild Steel- elastic constants

E=210 Gpa, v=0.3

PZT- wafer dimensions

28 x 14 x 0.2 mm

PZT- dielectric constants

k11=1.53e-8
k22=1.53e-8
k33=1.50e-8

PZT- piezoelectric stress constants

d31=-171e-12 m/V
d33= 274e-12 m/V

PZT- density 7800 kg/ms3

Epoxy dimensions 28 x 14 x 0.2 mm
Epoxy density 2200 kg/ms3

Epoxy elastic constants E=0.1 Gpa, v=0.38
End Mass 1.2 gm

Department of Applied Mechanics, Solid Mechanics Group

Indian Institute of Technology Madras, Chennai - INDIA



Experimental Setup

Lab View

Vibration Energy Harvesting using PZT Wafers

Smart Materials & Structures

15% June 2015

Clamp

Tip Mass

Photograph of Cantilever Setup
Indian Institute of Technology Madras, Chennai - INDIA

Voltage P I S — 1
~ 7 L_Divider | e I I
: I I
: |
Shaker PZT| Beam | |
T A !
I : '
I |
| .
| v
Shaker High A— Beam
Displacement P Voltage [~ Generator Displacement
Sensor Amplifier Sensor
1
I
I
_______________________________________ J




Vibration Energy Harvesting using PZT Wafers Smart Materials & Structures

15% June 2015

Result- Experiment

ssExperiments are conducted to measure the electrical voltage along the thickness
direction (poling direction) of the PZT wafer while applying transverse vibration.

+The beam bonded with the PZT wafer is attached to the shaker (exciter) as a

cantilever arrangement.

“*The shaker is made to excite with a displacement of 1mm at several different

frequencies (1Hz to 15Hz)
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Numerical Model using ABAQUS

L Experimental result is used to validate the model

O Later in model, parameters of beam and Piezo wafer can be changed to
optimize the harvester efficiency.

Type of elements used in the analysis

> Piezo Wafer - Piezoelectric Quadratic Element (C3D20RE)
> Beam - 3d-Stress Quadratic Element  (C3D20R)

EPOT

+4.159e+01
+3.812e+01
+3.466e+01
+3.119e+01
+2.772e+01
+2.426e+01
+2.079e+01
+1.733e+01
+1.386e+01
+1.040e+01
+6.931e+00
+3.466e+00
+0.000e+00
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Result- Numerical Model

Natural Frequency Extraction

Natural Frequency at different Modes
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Simulated Result

Angle: -180
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Comparison of Experiment and Numerical Model Results
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Inference

* The Numerical model is able to qualitatively capture the voltage output of the
Piezo wafer energy harvester.

% The error could be attributed to the fact that cantilever may not be perfectly
clamped.

“* Modeling of Epoxy mere close to reality may even more reduce the error.

Future Scope

% Optimization study could be carried out by changing the beam and Piezo wafer
parameters to obtain maximum harvester efficiency.

+» The model can be extended to MFC energy harvesters and can be compared
with Piezo wafer energy harvester
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