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Analysis of Voltage Generating Characteristics of Composite Rail Pad Composed of
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Abgract: A railway track generates severe levels of vibrations. In order to reduce these vibrations and to provide
structural stability, various rail pads, mats, etc., are used for vibration protection. In this study, a specialy designed
rail pad was developed to reduce vibration and to generate electric power simultaneously, that is, by using the
vibrations generated by raillway cars on the track. The newly developed rail pads were tested to evaluate the
characteristics of electric power by investigating the generated voltage and the current levels and patterns. In
addition, we proposed an optimal laminated structure and adhesive by comparing the voltage generated by each type
of adhesive required for optimal adhesion of the rail pad and the piezoelectric device.
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Fig. 1. Vibration-piezoelectric pad.
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Table 1. Performance objectives of vibration proof pad.

Test item Unit Spec.
Thickness mm 10+0.2
Density Kg/m® 800 over
Tensile strength MPa 5 over
Stretch rate % 200 over
Longitude (Shore A) 70~75
Static modulus of elasticity N/mm?® 0.010~0.015
Compression reducing rate % 25
1. Rall
2. Rail Pad
3. e-clip
4. Sleeper
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Fig. 4. Schematics of different composition array of railpad
with PVDF films.
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Table 2. Loading sequences.

Load (kg) Number of load repetition
500 5,000
1,000 5,000
2,000 5,000
4,000 5,000
6,000 5,000
8,000 5,000
W .

\. Actuator

Fig. 5. Schematic test view of loading test on piezoelectric
rail pad.
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Fig. 6. Measure of voltage (V) due to repeated loading.
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Fig. 7. Difference of voltage generation due to PVDF rail pad
with change of boding materials and pad structures. (a) A
type bonding material, (b) B type bonding material, and (c) C
type bonding material.
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Fig. 8. Difference of voltage generation due to PVDF rail pad
with change of pad structures: (a) upper bonding structure, (b)
lower bonding structure, and (c) middle bonding structure.
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Lol AEpxo] w2 MHV)EAFS v]mwdh  Table 3. Power generation by pad type.
Zoln], 28 82 YT AFZFxstoA AAA TF ~
W AMor ubgere ulmst Aoloh A|EEA A Ao} Type Position Voltage (V) Current (uA) Power (mW)
ot&9 3717k 2,000 kg olstollA A wyFe HA Up 284 151 043
Al R ASTR| TE I glol FARE 2715 EAo A Middle 56.1 30.3 1.70
M 2,000 kg o]iolAe AL wAYFQ Rlo|7t wAYst Down 13.9 77 011
Aok E:et FRAQ FFol Aglol &, A B C Up 188 106 0.20
Type A& %o QlojA], PVDF "&0] e 5
o] BatEl EazolM s 2 Mol wagstqry,  ° Midde 324 il 057
o]&= PVDF Ego] eVxi=el Um= Atolo] fx|st Down 68 38 0.0
of sh5oll gt FuA¥o] HH A st RAE HeE Up 243 134 0.33
ot 3A A5 7] gioltt [14]. g 3t ASFE c Middle 40.2 214 0.86
o] 739 Ajskzel 270 vlgste] Q] wAYo] It Down 124 6.6 0.08
ote 548 Yool &1 2 9ot 53], A Type9
AAAE AHERE 749, Y= sito]l PVDF7F AT
7Aewct oF 4uf A 2 56 V7F EAE Qi) 4. 4 B
PVDF7} 2dmjc o] fAr 739, At C Type
o] FAMAoA 6,000 kg sHE7HA] A LAYZOl FAE 2 =2oAs A2 AAE PU A HYme
sHAl S7tstlert 6,000 kg ol dRH C Type?l &  QAAXHPVDF)O] AEFeo] 2 A EAHAFS
RS AMESE dRolA Aol F717F njASHA A AlAsHch A2 JZAL Yo 1EE PERLAZof of
Shict. E3t, PVDF7F 2dmje stHo] BAME He 5] ur=stxS 7bsto] 500 kgBE AR oAz 5}
AL Aol 20 10 V U2 7P A HAsts 9 =71sto] &0 10 tonZHR] YFERSHAIES AlA]
Zoz AEHoH, stEAst 27171 6,000 kg oY stgich. stEAlstAl @Y mj=o] A& pzAjolo] whE
oM 8 Ee dasto. 22y o2 A57E0 A @ AR, A wAysko] xjo] U YUt UA
glgtel 4 wAFol 7P = B ASTEES 10 AXHPVDF)Q AEA] AMRH FAAQ EHo o &
TonoA &= Z71&0] ZAAsHA] gdoron, FIHAS 1+ Ngge vlw, BAsto] cheut re A=9 ogict.
Zo] A Typeo] FAAE ArESH Q0 7 wda
o] £1 7 2 AYAVIE B 1. gstAl xA9u]|9f "AFEMo] Mz 2 A, B, C
T3, o] Autet Fo] shFo] FrtE mel "y Type RAMH] 2%, PVDF7} U= Z7to] =
(Aol Z7tshe A2 =29 g YXARE Ate] AEJRO|A 7R 2 A Qro] wtAlslgICt
st & AF&ert ZUtEo] met MEgs SIS 2. & Axlo] Jpet Ze|EALER! A Type9
AFZAatel FYUst Auts B} [15] ARAE AMESE 497t o8 AAAE ARG
B 32 7t AAA 3FE A shE(10 ton)o]] T ZAowrct A|5HA] wrAl Aoto] T4 EX g lct
A BB 22 A3 A(oscilloscope)g ©]-8-5tH0] 3. 8372 9 AAA FFo| whe Udnj=o] of
548 ARFoRYE 255 HYH(power)S LE} s urEx)sl A|¥S Z£gst & UA AXHPVDF)
@ Aot AR/e] 271+ At vlstgon Adaf o} HYUmj=olo] vrz] WAl oo = slolst Ax}
E 3t 7oA 55 AHEF2 A Type JAAE o] & B, C TypeL ula]7} wtAisted oL} A Type RA
g B ASTRA ME 2 W2 B Ale efel7t YAdstA] gttt maka Afstels
AAA 79 2= W PVDF AS3Efo] & of oJst Aot wrMEF Iy YA W Ay T8
A HBFE vlw, BASH A9 JAA S/7E A X EZWo|A] Q25F A Typeo] HAMFE ArLs}
Type, 453H= S ASF27F A 7P et £ 7o) E8XY Zoz waych IF5, AA
A oz UEe &7 PVDFY] A1 e agxoR sug
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