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ABSTRACT

Currently, with the disappearance of fossil energy sources, finding new alternative energy sources
is very necessary such as: solar energy, wind energy, tidal energy, flow energy, .. However, these
energy sources require high investment capital, large capacity, and bulky size. In circuits requiring
small power sources (below 12V), it is not applicable, or only used through intermediate devices
such as transformers, current transformers; Therefore, the application of energy from mechanical
vibration has been proposed as an optimal measure compared to the above methods..Energy re-
covery from mechanical vibration is the activity of reusing a part of the energy generated when
there is a fluctuation with a constant frequency on solid surfaces. Mechanical vibrations occur
mostly in production systems, and it also causes some damage. However, we can take advantage
of these mechanical vibrations to cater for some basic life requirements if they have the right vibra-
tion frequency and amplitude, or we can adjust to have optimal vibration conditions. This article
uses an intermediate control circuit to convert the energy generated by mechanical vibration into
electrical energy (current and voltage), in which the piezoelectric sensors or piezoelectric beam are
placed on the structures to be measured, we will receive oscillations at different frequencies, so that
we can analyze the damage caused by vibration and evaluate the application range of piezoelec-
tric sensors and piezoelectric beam on a case-by-case basis. The purpose of the paper is to study a
constant frequency energy recovery circuit to create some initial parameters,the use a Bond-Graph
to optimally simulate this energy recovery process. This is also a very good solution for generating
energy for the SHM system from other mechanical energy sources.
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INTRODUCTION

Energy recovery is an area that provides the oppor-
tunity to develop science and technology applications
that are currently struggling to obtain a reliable source
of energy. This technology is suitable for Structural
Health Monitoring (SHM) systems because it takes
advantage of the different mechanical energy gener-
ated by the means of transport in moving process; The
SHM system monitors the operation, detects and lo-
cates the damage occurring in vehicle structure (air-
craft, space ship, etc.), thereby evaluating the nature
and sseverity of the damage. “Structural Health Mon-
itoring (SHM) systems have become a part of new
avionics systems which will formfuture aircraft. Their
objectives are to detect and locate damages occurring
within the aircraft structure”!, “SHM has become a
part of new avionic systems which will form future
aircrafts. To allow their deployment throughout the
aircraft, they have to be autonomous. Vibration En-
ergy Harvesting is a promising solution to provide en-

ergy to such systems”?.

METHOS RESEARCH AND SURVEY
RESULTS

This is a research paper. Based on the parame-
ters measured from experiments on the control cir-
cuit model for piezoelectric sensors and piezoelectric
beams (Figure 1), then simulate the energy conver-
sion process, assessing the application ranges of each
sensor type to apply in practice.

For this study, the author made a simple energy recov-
ery circuit (Figure 2), based on the working principle
of LTC 3588-1 IC; Using this circuit to obtain the mea-
sured parameters, the source of the experiment is the
mechanical vibration source generated from a vibra-
tor with a constant frequency. Based on the above pa-
rameters, we simulate on 20-sims software and com-
ment on results.

Energy recovery circuit and experimental
diagram

On the diagram, the piezoelectric sensors or piezo-
electric beams will be placed on a thin tin sheet (2 -
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Figure 1: Energy recovery experiment
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Figure 2: Energy recovery principal

3 mm), the oscillating source will impact the tin plate
with a variable frequency vibration, and the sensors
will transfer mechanical energy into electrical energy,
introduced into the recovery circuit and the resulting
electrical signals to the subsequent processing.

The parameters taken from the experiments for piezo-
electric sensors or beams are different, which clearly
shows the difference in methodology and scope of use
in this article.

Simulation

To simulate the above experiment, we uses the Bond-
Graph* model. In the principle diagram (Figure 3),
it is easy to see that energy exists in two forms: the
input is mechanical energy (E V) and the output is
the electrical energy (U, I). When performing simula-
tion with other tools (block diagram, signal diagram,
...), we have to convert to a unit. Bond-Graph, how-
ever, is in the “multi-energy” field, meaning it can in-
corporate many fields seamlessly. This is a powerful
tool because of the ability to represent physical quan-
tities in the form of bi-directional exchange . The di-
agram below shows the transformation from the prin-
ciple diagram to the Bond-Graph of the energy recov-
ery circuit.

We create Bond-Graph and put the data that are mea-
sured and calculated by the software 20-Sims (Fig-
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Figure 3: Experimental diagram and Bond-Graph®
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Figure 4: Bond-Graph diagramfor whole circuit

ure 4), this graph will show the change of quantities
when the transition occurs. When testing the system
with oscillations at different frequencies, we obtain a
graph representing the dependence of the voltage as

well as the power on the oscillation frequency.

Research results

After the experiment, based on the data sheet of the
thin tin plate and the oscillation values generated on
it, we have constructed the graphs that distinguish the
function of the piezoelectric sensor and piezoelectric
beam as follows (Table 1).

Table 1: Post-experimental data of the sensor.

L 0.025m L 0.025m

H 0.01 P 1.155x10'3
A% 6.25x10~7 M, 0.004813
S33 2.3x10~ 11 TF 8.66x10~ 14
D33 425 C 3.68x10~ !
£33 914 Pm 7700W

A 6.25x10~4 w 2376242

K 27173913043 C, 571.25
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Figure 5: Graphical representation of the quantities when the sensor is working
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Figure 6: Voltage graph and power graph of the sensor interms of frequency

Throughout the Table 1, we find that there are some
very large parameters compared with the rest (Fig-
ure 5, Figure 6). This is understandable because dur-
ing the simulation, these parameters are directly re-
lated to the operating range of the piezoelectric sensor
when working in high frequency conditions.

Table 2: Post-experimental data of the piezoelectric
beam.

L 0.025m L 0.025m
A 0.000625 h, 5x107°
Hp 5x10~4 s 1.7x10~ 1
ds -170 €33 914

K 0.1225 (o 8.16

m,, 0.0048125 R 0.01

In contrast to the piezoelectric beam (Table 2), the pa-
rameters are very small, the change in the parameters
through simulation is often difficult to see and it only

really changes when working at low frequencies (Fig-
ures 7 and 8).

DISCUSSION

Throughout the experiment, we noticed the funda-
mental differences in the use of piezoelectric sensors
and piezoelectric beams. It is found that piezoelectric
sensors only have resonance at high oscillation fre-
quencies, so they are suitable for use in vehicles oper-
ating under harsh conditions (aircraft, spaceship,...).
In contrast, piezoelectric beams only have resonance
at low frequencies, so they are suitable for use in light
industries with high reliability.

SHM is a widely used system in developed countries
around the world. The purpose is to measure, retrieve
information and to provide a reasonable analysis of
the structural damage of large and modern buildings
(bridges, tall buildings, works of politic and military,
...)©. In recent years, combined with a number of en-
ergy recovery devices, SHM has been used in many
scientific and daily life applications, contributing to
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Figure 7: Graphical representation of the quantities when the piezoelectric beam is working
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Figure 8: Voltage graph andpower graph of piezoelectric beam in terms of frequency

significant benefits. The transportation industry is
not out of the law and it is particularly significant
for the aerospace industry. The characteristics of the
SHM system are well suited to this sector because of
the fluctuations that occur when vehicles travel, and
it further exerts its advantage for large and modern
means of transport7.

Currently in Vietnam, SHM system has not been
widely applied. This system is only used to test the sta-
bility and safety of large, highly feasible bridges. How-
ever, it has not been widely used in other industries
as well as in life. Due to limited reasons, this paper
presents only very small aspects of the topic. There-
fore, we can only apply this energy recovery circuit
in the small power circuits, the output voltage is only
provided to the amplifier as well as the source for the
power circuits or the experimental set in the school.

CONCLUSION

Bond-Graph is a tool used in the field of mechatron-
ics, especially in the field of integrated energy. In Viet-

SI25

nam, Bond-Graph has not been applied widely in sim-
ulation such as Matlab. Using Bond-Graph will open
up a new direction for similar studies.

Through the voltage and frequency-power graph, it
can be seen that the piezoelectric sensors only work
(resonate) at high vibration frequencies and large os-
cillaton resistance, in contrast, piezoelectric beam
works only where the frequency is low and the resistor
is small or medium. We recognize the value of use of
these devices when used in different working condi-
tions; especially in harsh climates like in Vietnam. In
the future, wireless technology will be studied to in-
crease the usability and economy for large and high-
space architectures, contributing to aesthetics. In the
future, we will study for liquid media in highly com-
plex scientific areas of social and industrial life.
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SU dung Bond-Graph trong viéc mé phdng pham vi itng dung ctia
cam bién ap dién va chum ap dién trong mach thu héi nang luong
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mai thay thé la hét stic can thiét nhu: nang luong mat trdi, nang lugng gid, nang luong thay triéu,
nang lugng dong chay,... Tuy nhién cac nguén ndng lugng nay yéu cau vén dau tu cao, cong suat
kha lon, kich thudc cong kénh. Trong cac mach dién yéu cau ngudn nang luogng cong suat nhé
(dudi 25V) thi khong thé ting dung duac, hodc chi dugc st dung théng qua cac thiét bi trung gian
nhu may bién ap, may bién dong; nén viéc ing dung ngudn nang lugng tir dao déng co hoc da
dugc dat ra nhu mot bién phap téi uu so véi cac phuong phap trén.Thu hoi nang lugng tif rung
dong co hoc la hoat dong tai st dung mét phan ndng lugng tao ra khi cé su dao déng vai tan sé
khong déi trén céc bé mat chat rdn. Rung déng co hoc xuat hién hau hét trong cac hé théng san
xudt, va nd cing gay ra nhiing thiét hai nhat dinh. Tuy nhién trong mot vai trudng hgp, ching ta
c6 thé tan dung cac rung déng co hoc nay dé phuc vu cho mét sé yéu cau co ban trong ddi séng,
néu chiing cé tan sé rung va bién d6 dao déng phi hap, hodc ching ta diéu chinh dé cé diéu kién
dao déng t6i uu. Trong bai béo nay st dung mot mach diéu khién trung gian dé bién déi nguén
nang lugng do rung déng co hoc gay ra thanh nang lugng dién (dudi dang dong dién va dién ap),
trong dé cac cdm bién ap dién hodc chum ap dién dugc dat trén cac két cau can do, qua dé ching
ta sé nhan dugc cac dao dong véi nhiing tan s6 khac nhau, tr d6 ta c6 thé phan tich dugc céc thiét
hai do rung déng gay ra, dong thai danh gia pham vi iing dung clia cam bién &p dién va chum ap
dién trong tiing trudng hop cu thé. Muc dich cla bai bao la nghién ctiu mét mach dién thu héi
nang lugng cé tan sd khéng déi vai quy mé nhd dé tao mot s6 thong sé ban dau, sau do st dung
Bond-Graph dé moé phong mot cach téi uu qua trinh thu héi nang lugng nay. Day cling la mot gidi
phap rét tét dé tao ra nang lugng cung cap cho hé théng SHM tir cdc ngudn nang luang ¢ hoc
khac.
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