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Abstract: We present the results of a study of a piezoelectric generator that generates electricity by the application

of tension to an element. A device is named “EYE-type generator”. The EYE-type generator consists of a

rectangular ceramic and two elastic body plates that are attached to upper and lower surfaces of a ceramic. If

tension is applied to both ends of the elastic body, that tension is transformed to pressure on the ceramic through a

change in the form of the elastic body, causing a piezoelectric effect whereby electricity is generated by the

ceramic. This generator is relatively durable because a forces are not applied directly to the ceramic. We examined

dependencies of the generator’s output characteristics on the size of the ceramic and elastic body. A resonance and

output characteristics were analyzed by using a finite element method. The generator was fabricated based on results

of the analysis, and this was attached to a frequency-controllable vibrator to measure the output characteristics. The

measured results were compared with results of the simulation, and the results pointed to the practicality of the design.
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Fig. 1. The structure of the EYE-type piezoelectric generator.
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Table 1. Parameter of the EYE-type piezoelectric generator.
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9 synthetic vector

= surface vector

Fig. 2. Direction of force at the piezoelectric energy harvester

using tension.
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Fig. 3. Modal analysis of the EYE-type piezoelectric generator.
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Fig. 4. Output characteristics depending on rate of change of

the size.

Fig. 5. Modal analysis of the EYE-type piezoelectric generator
at bent.
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Fig. 6. Output characteristics depending on bent.
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Fig. 7. Photo of the fabricated eye-shape energy harvester.

Table 2. Properties of ceramic PSI-SA4E.

Relative Dielectric

K" 1,800
Constant (@ 1 KHz)

ds3 meter/Volt 390x107?

ds meter/Volt -190x107"?
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g3 Volt-meter/Newton  24.0x107

g31  Volt-meter/Newton -1 1.6x107
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o o

Coupling Coefficient ka3 0.72
ks 0.35
Polarizing Field Ep Volt/meter >2x10°

Initial Depolarizing Field Ec Volt/meter ~5x10°
Coercive Field Ec Volts/meter ~1.2x10°
Density p Kg/meter® 7,800
Mechanical Q 80

o 8 ox rk

Elastic Modulus Y®,  Newton/meter’ 5.2x10"

Y%, Newton/meter’ 6.6x10"
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Fig. 8. Measuring setup for applying tensions to the harvester.
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Fig. 9. Output characteristics depending on rate of change of

the size.
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