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Abstract Sustainable energy supplies without the recharging and replacement of the charge storage device have become
increasingly important. Among various energy harvesters, the triboelectric nanogenerator (TENG) has attracted considerable
attention due to its high instantaneous output power, broad selection of available materials, eco-friendly and inexpensive fab-
rication process, and various working modes customized for target applications. In this study, the amount of voltage and cur-
rent generated was measured by applying the PSD profile random vibration test of the electronic vibration tester and ISTA
3A according to the time of Anodized Aluminum Oxide (AAO) pore widening of the manufactured TENG device Teflon
and AAO. The discharge and charging tests of the integrated module during the random simulated transport environment
and the recognition distance of RFID were measured while agricultural products (onion) were loaded into the returnable fold-
ing plastic box. As a result, it was found that AAO alumina etching processing time to maximize TENG performance was
optimal at 31 min in terms of voltage and current generation, and the integrated module applied with the TENG module
showed a charging effect even during the continuous use of RFID, so the voltage was kept constant without discharge. In
addition, the RFID recognition distance of the integrated module was measured as a maximum of 1.4 m. Therefore, it was
found that the surface condition of AAO, a TENG element, has a great influence on the power generation of the integrated
module, and due to the characteristics of TENG, the power generation increases as the surface dries, so it is judged that the
power generation can be increased if the surface drying treatment (ozone treatment, etc.) of AAO is applied in the future.
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Fig. 2. Electrical Vibration Tester.
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Fig. 3. PSD (Power Spectral Density) profile by ISTA 3A.
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Fig. 6. Testing of type A and B integrated modules by random
vibration.

ol
b45)

200 mm) WjFol] A2t A9l B 29 RES A
©, Fig. 39] ISTA 3A¢] PSD 23S #&3l
T3 2o AN HS T3St T B2 53
of st 553 RFID Ej29] AEHQ] ARgo] mE
g o] S 9 Wl tigk 37 AlES ki
gk, Fig. 79} o] FA=(FThe] A9de deEieA 2d7]
(2.4 GHz)E 53 RFIDY] <1 AZE A3t

-

oo m
ot Wi 1% o

t

Aluminum electrode

°
@Electron @ FoNitive @ [gduced

particle © positive charge

[NFC module]

[Semi-active RFID]

[TENG+Lithium Battery(5V)]

Fig. 4. Schematic view of RFID, TENG and NFC integrated module.
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Fig. 7. Vibration and RFID recognition test of onion plastic
boxes.
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Fig. 8. Generating voltage and current of TENG according to pore widening process time.
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Fig. 9. Generating voltage and current of TENG by 31 min of pore widening process time.
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Fig. 10. Voltage drop characteristics of TENG and RFID integrated module by vibration test.

Table 1. Recognition distance of TENG and RFID integrated
module
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