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1. Introduction

Piezoelectric vibration energy harvesters are
attractive as inexhaustible power supply for
low-power wireless electronic systems, particularly
the tire pressure monitoring system (TPMS) [1-6].
The TPMS can indicate the slow leaks and warns
the driver in time before the tire risks irreversible
damage. In this paper, piezoelectric harvesters for
gathering the vibration energy of cars running on
rough ground are developed to substitute the battery
in TPMS for advantage of being maintenance-free.
Commercial finite element software, COMSOL
multiphysics, was utilized to calculate output power
of the piezoelectric energy-harvesting devices
(EHDs) with taking load resistances into account.
Three kinds of piezoelectric EHDs, like dj;
unimorph, ds; bimorph, and d5; unimorph, were
analyzed and designed for TPMS.

2. Results
2.1 The CPC-FEM model

A variety of modeling approaches [7-14] have
been used to analyze the outputs of piezoelectric
EHD, like uncoupled analyses, equivalent electric
circuit methods, advanced modeling methods, and
coupled piezoelectric-circuit finite element model
(CPC-FEM). In this study, commercial finite
element software, COMSOL multiphysics, was
used to develop the CPC numerical model of a
piezoelectric EHD connected directly with a load
resistor. As shown in Fig. 1, three kinds of
piezoelectric EHDs, including d3; unimorph, dj;
bimorph, and d;; unimorph, are considered in the
simulation. The EHDs are piezoelectric sandwich
structures with a central brass substrate layer and
one or two piezoelectric material layers. Their
dimensions are listed in Table 1. The piezoelectric
material was chosen to be the default PZT-5A in
COMSOL. The electrode thickness is ignored in all
simulations. The vibration amplitude and quality (Q)
of the piezoelectric plate were set to be 25 um and
65, respectively. Special focus is taken on the effect
of load resistance on output power as well as the
influences of the EHD’s dimensions on resonance
frequency and output power.
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2.2 Simulation results

Figure 2 shows the open circuit voltages of the
d;; unimorph and d5; unimorph. Since the
piezoelectric coefficient ds; is two times larger than
ds; in the PZT-5A layer, the ds3; unimorph shows an
output voltage of two times larger than the dj;
unimorph. This result is also obtained from
analytical method [15].

In a d5; bimorph, two piezoelectric layers can
be connected to a load resistor by parallel or series
connection. In the series connection, the
polarizations of the two piezoelectric layers are
opposite; in the parallel connection, the
polarizations are identical. Figure 3(a) is the root
mean square voltage versus load resistance for the
ds; bimorph. When the load resistance increases, the
voltage increases and the current decreases. Figure
3(b) shows the simulated output power versus load
resistance. A maximal output power occurs at an
optimal resistance. One can see that the optimal
resistance in series configuration is 4 times higher
than parallel configuration; the root mean square
voltage of series configuration is 2 times higher
than parallel configuration, but the current is only
half of parallel configuration. Therefore, the output
powers of both configurations are the same.

Figure 4 shows output power versus load
resistance for the three EHDs. The d;; bimorph has
a larger output power, and all the output powers are
enough to power the wireless tire pressure
monitoring system when the vibration amplitude is
25 um. Moreover, when connecting to a load of
lower resistance, the output power of d3; unimorph
is higher than d;; unimorph; however, if connecting
a load of higher resistance, the output power of ds;
unimorph is higher than d5; unimorph.

3. Conclusions

The piezoelectric EHDs with distinct electrode
arrangements were analyzing and designing for
gathering the vibration energy of cars running on
rough ground to substitute the battery in TPMS. The
finite element software was utilized to calculate
output power with taking load resistor into account.
Results show that when the external resistance is
500 kQ, the EHD of d;; unimorph yields a output
power of 1.5 mW. Such output power is enough to
power the wireless tire pressure monitoring system.
The results of this paper can provide important
guidelines for designing piezoelectric vibration
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energy harvesters integrated with a wireless sensor
system as well as the TPMS.
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Table 1 Dimensions of energy-harvesting devices

Dimensions | Length | Width | Thickness
Components (mm) | (mm) (mm)
Stainless steel 55.4 15.2 0.2
PZT-KA2 25.4 15.2 0.35
Mass 20 15.2 1.2
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Fig. 1 Schematics of energy-harvesting devices: (a)

d3; unimorph, (b) d;; bimorph, and (¢) ds; unimorph.
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Fig. 2 Open circuit voltages of the d;; unimorph and ds;

unimorph.
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Fig. 3 (a) Voltage and (b) output power of the dj;

bimorph in parallel and series connections.
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Fig. 4 Output power of energy-harvesting devices
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