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ABSTRACT

In general, tires require various sensors and power supply devices, such as batteries, to obtain information
such as pressure, temperature, acceleration, and the friction coefficient between the tire and the road in real time.
However, these sensors have a size limitation because they are mounted on a tire, and their batteries have
limited usability due to short replacement cycles, leading to additional replacement costs. Therefore, vibration
energy harvesting technology, which converts the dynamic strain energy generated from the tire into electrical
energy and then stores the energy in a power supply, is advantageous. In this study, the output voltage and
power generated from piezoelectric elements are predicted through finite element analysis under static state and
transient state conditions, taking into account the dynamic characteristics of tires. First, the tire and piezoelectric
elements are created as a finite element model and then the natural frequency and mode shapes are identified
through modal analysis. Next, in the static state, with the piezoelectric element attached to the inside of the tire,
the voltage distribution at the contact surface between the tire and the road is examined. Lastly, in the transient
state, with the tire rotating at the speeds of 30 km/h and 50 km/h, the output voltage and power characteristics

of the piezoelectric elements attached to four locations inside the tire are evaluated.
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Nylon Belt 1150 8.1E+8 0.44
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Table 2 Properties of the resin epoxy

Densit Young’s Poisson’s
Component (kg/m3y Modulus(Pa) |  Ratio
Resin epoxy 1160 3.8E+9 0.35
Table 3 Material Properties
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5
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Constant Stress 6?3 2700
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ch 2.3E+10
o 2.4E+10

Resin Epoxy

Fig. 4 Resin Epoxy and PZT
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