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This paper presents about power generation by using piezoelectric transducer
with bending mechanism support. In this study, bending mechanism is
developed by employing 3D printer technology. This 3D model is used as a
support for a piezoelectric transducer during deflection or bending process.
During deflection condition, stress that applied on the piezoelectric
transducer will generate electrical energy. The 3D model helps the
piezoelectric transducer to produce more voltage output. A finger press test
used as evaluation method for the voltage output of the piezoelectric
transducer. The experiment is tested by varying three different 3D model
with the different diameter for the middle hole for each of the model. A
round shape of the piezoelectric transducer with size of 50 mm in diameter is
used to conduct the experiment. Thus, when the piezoelectric transducer
placed on the 3D model with 0 mm in diameter of middle hole will
producing 5.4 V voltage output. However, 3D model with 30 mm diameter of

middle hole, the output increases up to 19.0 V. The output voltage for
piezoelectric transducer reached its highest voltage when placed on the 3D
model with middle hole of 40 mm which is 34.4 V. This bending mechanism
can be used to increase the output of piezoelectric transducer as it applied
underneath footstep tile at crowded area to harvest the energy produced from
walking activities. The power generated can be used to power up various
electronic devices.
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1. INTRODUCTION

In our daily activities, energy has became the most basic need due to energy demand has rising up
day by day. This happened because of the growth of human population nowadays. Sources of energy these
days are insufficient to support the demand. In order to solve this problem, another alternative sources need
to be produced to support the insufficient sources. The best way is by implementing renewable energies.
These energies need to be harvest before being used. Energy harvesting that also known as energy
scavenging is the process of energy capturing or deriving the energy from external sources, accumulating and
storing the energy for the later use [1], [2].

By harvesting this renewable energy, the electricity can be generated without giving negative
impacts on the environment. The quality of human life is increased due to the development of medical
technology and the growth of the human population. The energy that can be generated to fulfil the demand
needs through the growth of human population. By using the human footstep, useful energy can be harvest
and create electricity for non-renewable energy replacement. This type of renewable energy does not
depending or relying on climate or weather condition. In order to invent a free pollution technology, a
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transducer is used to harvest the energy source. The transducer used is piezoelectric transducer. This
transducer is used to detect vibration or pressure that applied on it to generate electricity [3]. This
piezoelectric converts mechanical energy exerted by pressure or force into electrical energy and used for
other small electronic devices or being stored in the storage compartments [4].The output voltage and current
that generated from piezoelectric transducer are small.

The piezoelectric transducer is completely depending on crystalline structure. This piezoelectric
transducer consists of positive and negative charges. Therefore, when the force or pressure are applied,
magnitude of the polarization can be determined. During normal condition or without stress or strain
condition, piezoelectric transducer will stay with neutral charge as there is no potential difference produced
when negative and positive charges is balanced for both sides [5].

Direct piezoelectric effect and converse piezoelectric effect are two main category of piezoelectric
effect [5], [6]. The direct piezoelectric effect is also known as generator or transducer effect to illustrate the
ability by converting mechanical energy into electrical energy [5]-[7]. On the other hand, the converse
piezoelectric effect is the inverse ability of the direct piezoelectric effect which it converts electrical energy
into mechanical energy [5], [7], [8]. This converse piezoelectric effect also known as motor or actuator effect.

The piezoelectric transducer converts the mechanical energy from the pressure that applied on it to
generate the electrical energy by employing the piezoelectric effect has received a considerable research
attention. Currently, the studies focus on using a single piezoelectric module. There are some researches have
been conducted by developing a prototype that utilizing the human footstep that strikes to the piezoelectric
bean which developed by M. Renaud and his team [9]. Their research results showed 600uW harvested from
the 10Hz frequency and 10cm amplitude linear motion. Another research conducted by M. Ferrari et.al has
been improved by coming out with a prototype of an autonomous battery-less sensor module [10]. This
module successfully harvested 35mW of electrical power and power up the sensor module and send the data
within a range of 25m in a laboratory environment.

AM. Abdal and his team created the piezoelectric pre-stressed bending mechanism for Impact-
Driven Energy Harvester [11]. This pre-stressed piezoelectric bending mechanism is designed to further
improve and maximize the output wattage generated by piezoelectric comparing to unstressed piezoelectric.
This piezoelectric can harvest around 70 AC V at open circuit measurement by using suggested mechanism
and after rectifying the maximum DC power of 53mW with a load of 700Q2. Kyoon N.C and Hee H. R.
presented a novel impact based piezoelectric harvester mechanism. In this design, the continuous impact on
the piezoelectric surface is applied by using wind flow and it successfully harvests a continuous electricity by
implement this method [12]. The improvement that the author tried to do is increasing the impact by using a
spring retention action to increase the frequency in order to improve its efficiency. P. Madhu and her team
designed a footstep tile by using piezoelectric transducer [13]. In this research, they are using 72 piezoelectric
transducers and 72 plastic bushes that are attached to the bottom surface of the top plate. This model
produces an output voltage range of 10 -15 V and outputs current range of 50 - 400pA.

This paper presents power generation by using piezoelectric transducer with bending mechanism
support. In this study, the piezoelectric transducer is used. The output voltage from the piezoelectric
transducer is low. In order to maximize the output voltage, the bending mechanism has been designed. A 3D
model with a middle hole is designed to give space and support to the piezoelectric transducer during the
bending process. This 3D model provides space for the piezoelectric transducer to increase its deflection as it
also increases the electrical energy that had been generated. The 3D model is designed to place this
transducer within it and the middle hole of 3D model is designed with the different diameter to find the most
perfect 3D model to help piezoelectric transducer increasing its deflection and output voltage.

2. RESEARCH METHOD

In this study, lead zirconate titanate (PZT) piezoelectric transducer is used to harvest the mechanical
energy produced when force or pressure are applied onto it and converts into electrical energy. The output of
this transducer depends on the magnitude of stress and strain that applied on its structure. The round shape
piezoelectric transducers are used in this experiment. The piezoelectric transducer has the diameter of 50 mm
crystalline structure. This piezoelectric transducer common output voltage can achieves around 0 -12V at
normal generate. However, during instant impact, it can reaches up to 30V and SmA. The vibration manner
that is more suitable for round shape piezoelectric transducer is by pressing, pulse and shock. The
piezoelectric transducer produces low electrical energy and its output depending on the pressure, force or
stress that being hit on it. This piezoelectric transducer will be deflected when there are pressure or stress
applies to it.

The output of this piezoelectric transducer is very low. In order to enhance the output from the
piezoelectric transducer, it needs some support to maximize the deflection process. This support is the
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bending mechanism that designed by using solid work software and print in 3 dimensional (3D) size. It is
used as a support during the bending process of the piezoelectric transducer when force or pressure are
applied to it. This 3D model design is based on the shape and size of the piezoelectric transducer that is used.
The three different type of 3D models are designed to test the bending process of piezoelectric transducer.
The difference between these three models is the diameter measurement of its middle hole. The diameter of
the middle hole for the first 3D model is 0 mm or 3D model without the middle hole. The second 3D model
has 30 mm in diameter of the middle hole and the third 3D model is 40 mm in diameter of the middle hole.
The middle hole for the 3D model provides space for the bending process of the piezoelectric transducer.

The experiment is conducted to test the performance of 3D model during the bending process. The
testing process of the piezoelectric transducer is tested by using finger press. The piezoelectric transducer is
placed in a 3D model and being pressed to produce electric energy The subject with 60kg body weight is
assigned for the finger press activities on the piezoelectric transducer. The finger is press on top of the
piezoelectric transducer to determine the voltage output of a single cell of the piezoelectric transducer. The
three 3D models with different measurement of its middle hole diameter which are 0 mm, 30 mm and 40 mm
are tested in this study. Figure 1 shows the three different types of 3D model.

(a) (b) (c)

Figure 1. The 3D model with different diameter (a) Omm, (b) 30mm, (c) 40mm

Figure 2. The set up for testing the bending process Figure 3. The set up for testing with three 3D model
piezoelectric transducer with the different diameter

3. RESULTS AND ANALYSIS

The piezoelectric transducer output is an AC waveform. Each piezoelectric is placed on the 3D
models with different middle hole diameter and it produced a sinusoidal transient pulse. The oscilloscope that
is connected to the piezoelectric transducer is to measure the voltage output. The output from the
piezoelectric transducer that placed on the 3D model is different for each 3D model. This is because the
bending process of the piezoelectric transducer depends on the size of the middle hole in the 3D model. This
middle hole in the 3D model provides space for the piezoelectric transducer when the bending process took
place. Figure 4 shows the output voltage when the finger press test is applied on the piezoelectric transducer
that placed on the 3D model with 0 mm in diameter.
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Figure 4. The voltage output waveform for the piezoelectric transducer when placed in a 3D model
with 0 mm in diameter

The output voltage for the piezoelectric transducer with the 3D model without the middle hole or 0
mm in diameter only produces 5.40V in AC form. In this 3D model, the piezoelectric transducer cannot bend
too much as there is no space for the transducer to deflect when there are force or pressure applied on it. The
voltage that is generated is also low depending on how much the deflection can take place. The piezoelectric
transducer produces an AC waveform. The output of the piezoelectric transducer will be rectified before
being stored or used to power up low power devices. The scope of this testing is only to enhance the voltage
output of the piezoelectric transducer before it will further used for footstep application. Figure 5 shows the
output voltage of the piezoelectric transducer produced by the finger compression force when it is placed on
the 3D model with 30 mm in diameter.
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Figure 5. The voltage output waveform for the piezoelectric transducer when placed in a 3D model
with 30 mm in diameter

The output voltage in Figure 5 shows that the voltage is 19.0 V. The output voltage for this 3D
model is higher compared to the 3D model without the middle hole. The middle hole in this 3D model
provides space for the piezoelectric transducer to bend and support it when there is pressure applied on it.
The bending process causes the piezoelectric transducer to generate electricity by converting the mechanical
energy into electrical energy. The middle hole with 30 mm in diameter makes the bending process much
easier compared to the 3D model without the middle hole. Figure 6 shows that the output voltage of the
piezoelectric transducer produced when placed on the 3D model with 40 mm in diameter.

Power generation by using piezoelectric transducer with bending mechanism ... (Anis Maisarah Mohd Asry)



566 a ISSN: 2088-8694

RIBOL STOP Lvmwn:mfwwi F0-2.w

Unaiil)= 34,4V Umin()=<24.8V  Vavsi= 2210 |

e L vty e ST et b ST e fhrmbfm

i i0.0Vid Time 200.0ms @»7.752s

Figure 6. The voltage output waveform for the piezoelectric transducer when placed in a 3D model
with 40 mm in diameter

For this 3D model, the output voltage that generated from the piezoelectric transducer is 34.4V. It
shows that the output voltage generated when the piezoelectric transducer is placed in the 3D model with 40
mm in diameter is the highest output voltage compared to other two 3D models. The space for this 3D model
is bigger compared to the other two 3D models. The bending process of piezoelectric transducer that takes
place in this 3D model has more space and support when it deflects or bends during the finger press test. This
space and support allow the piezoelectric transducer to generate more output voltage compared to the output
voltage for the other two of the 3D models. As conclusion, the space between the 3D models plays an
important role in generating more output voltage of the piezoelectric transducer. The diameter of the middle
hole for the 3D model should match and fit with the size of the piezoelectric transducer so that this 3D model
could provides the suitable space and support for the piezoelectric transducer when the bending
process happened.

4. CONCLUSION

This paper has presented power generation by using piezoelectric transducer with bending
mechanism support. In this study, a research on how to generate more voltage output from the piezoelectric
transducer is conducted because the output voltage of the piezoelectric transducer is very low. The 3D model
is designed as the piezoelectric transducer need to undergo bending process in order to generate more
voltage. Piezoelectric transducer is capable of producing voltage output by using the 3D model as a support.
The 3D model with an accurate diameter for the middle hole allows the piezoelectric transducer to bend more
and it generates a high voltage output. The 3D model with 40 mm in diameter for the middle hole exerts 34.4
V which is the highest voltage output rather than other two 3D models. Hence, this result can be used to form
a piezoelectric tile to generate more power using the human footstep. In this research, the testing that is
conducted to enhance the voltage output of the piezoelectric transducer before it will further used for footstep
application. This tile in further can be placed at crowded area as the piezoelectric transducer is very sensitive
to force and pressure. The walking energy can be harvest and becomes a useful energy when the piezoelectric
tile is placed at that area. It is specifically suitable to be implemented at pavement street, train ticket counter,
stairs and dance floor. The piezoelectric tile is also suitable for the exercise tile such as for skipping or on the
treadmill. The power that is generated from this piezoelectric tile can be used to power up the light street,
light along the stairs and also low power appliances.
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