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Abstract

In this study, a power driver for actuating PVDF film that has the characteristic of dramatic impedance change caused
by size and operating frequency variation was developed to enhance dehydration rate of dredged sediment. In order to
supply maximum energy to the PVDF film, a full-bridge circuit implemented using IGBT with a R-L-PVDF film
impedance matching circuit was designed and constructed. The dehydration capabilities of the PVDF film actuated by the
developed power driver was tested for dredged sediment. It was found that the PVDF film actuated by the developed
driver cleary enhanced dehydration, about three times faster during the first 30 minutes, compared to natural dehydration.
The result of the experiment confirmed that the developed power driver for actuating PVDF film could be used effectively
for dehydration of dredged sediment.
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I.M = A D RA, - N L R A SoE FHATAT

FoHm ov, 407 vhaHEde) B FHE
A, gwe g o AZA s, ke geel FAEFES B

A 47 AHIA, 7 7t 3 & gk
1 JfEE mjEEALE 9 of 1158 <l 579 [m]el tohg ez oy

N, A, A %A

o
d HO
of

EAAA, diAe] HAE 295D AA g S+ AT,
A FAE AgE 99 FoHPIANC, 1996)% = A

AR, T AR -uA A AL, AW st 2} ekt

sk

&

(Dept. of Electronic Engineering

Myongji University)

439, WAt EE3HF e

(Dept. of Civil and Environmental Engineering
Myongji University)

oo WEoR AY 7k BosH 71E vy
_]

o F A M A,

R A o
2 oo

i< <)
o
o
of

)
2L

o)A A ekmal: weps] ok S o] 8ste FHES 9/11x

=xEe] gaHel A



2012 38 MASee ==X M 49 SCH X 2 =

Aol gomi—
Actuator2 AR&3SE A3le] g 840 Bl

53

ATollMeE =HE d87Hx9 S 2 &
£ 98l #letd PVDF film actuatorE
2 J5et7] 9% 39 =eholuE AlQketh

Ao A AFE3F Polyvinylidene Fluoride (PVDF)
(-CHy-CFy-)E WHy @92 st i A=
Ao g §e Foa g weE F
AL 7, 718 FAoG Al &
al HlaiA  freddol Holuh Ee FEY
Actuatorth AM 2 A Zo] 7hsstez 2 71AZ A

o3} Actuator AlZFe]y Piezoelectric actuator®] A

o

ol
)
[

=

=

E
=

o F7] Y3 AAE Zo] ALEF 1 glon, duky
© 2 PVDF film actuator® &2A7]7] 913 537]
T 99 =geide] 71EAHD QAL

Piezoelectric actuator®} 7t}
Piezoelectric actuator® 52A1717] $laiA= A=
Voltage(V)ell Al A= 49 Voltage(V)9] &2 A

17b aaEnttl 1Ee) A

HAshE ouA B F

282 Holm g7l 249 8~

o|\ 2
g j%: a2
= o

O
4 2 o gy

o
03
tilo
i
o)
rl
.
>
)
¢
os}
o
e
fi
I
o\
i
)

=

3o -=
O
2
=)

AFE A b A

x
A g

-3
£ °
)

oz

o
o

o) oo
ol
o

,d
ml
o
30

2
0, r
N
=~
ol
o
N

% o
Mo o
oN
i
~N

N
-

o

M
Mo

o M O
wt ot Ho

o

i)

O

=

oh 2eu g Al B4 weks
A4 Agsorsie, S27)) 54no
o] 54& 2 Aol 5Ao|th
Piezoelectric actuator &8 39 ZEo|HZE 4
FolUAE Wi s1Ae] A3 MOSFETL.R 74
9 Op Ampd Wg A7t APz glopii-i2l

Piezoelectric actuator &%7] & k9 =2tolH b=

"2

(129)

92 dA7kx] A€ PVDF film actuator T+%-&
Z7)= W = A Aol = E
PVDF film Sensor§ Z¥%7]7} a5 pPVDF

filmE vibration actuator® AF&3}7] 93 =Z 7] =

roopN

g 5 e

= 9 =l A AFe A HEZ F4)
&2 ¢tk 2 o= PVDF filmo] vibration
actuator= AH&-E o a#s|of st thad 2 A
Z R R R

AAZ, PVDF filme 27|19} Q7teE +% Fi4
of whebAl AIE ATy AA W] Wi FE7)e &
g o Fatr ARESHA W Feh WEo] st
Aol 85 A ddsty] offrh

EA|Z, PVDF filme &%7F 70% o]io] =W

PVDF film7} &%= 540 3171 wiZell PVDF film
o] & Wl A F 9= [}

AA 2, PVDF filme ¢17bs = a7)7}
200[KV/mm]7H4] 7Fssthut PVDF filmell #}5=3
o] Q7E AL AR 524 =W PVDF filmol
xS dd Gt gdEEs SRR o] Ak

w2} PVDF filmE vibration actuator® AF&-&
= olge FAAES HaT & s ¥re [
Z712 gaw a7 dagi

2 =%9AE PVDF film &4
film Actuator 758 3¢ SfolHE 7
o] PVDF Film¢] 58S 2Alsta, oA o
HAES e 4 9l PVDF Film Actuator 7%
e =EgfolHE AEdedith w3 FAHAE g9 4
%35le JldtE PVDF Film Actuator 7%
gho|7t FAES] g FXE o) & Ve
AR

o,

e

o] Z
X

ek

i

]

LA

[}

ol

[ o

3

II. PVDF Film §4 &+

=
£

Aol A A4 PVDF filme @ PVDF film
o) A4 Fx2 ¥ Aold Ao AL THL
SEE 801205 A8, 4v] ol
}4< Azon TIKVIIA 8KV]
A ARTEE Ao EA

—_

. PVDF Film

ot

=
e
A

k%)
o
>

S
oft
N
s

2y &

o,

o &
o
o

M
18 T
o
— M
o
—_
( rlo

2 b osz

)



28 THE E40| Hest PVDF Film Actuator &8 Li¥

Electrodes |

Polarization processing Overall, the polarization
in strong DC field axes are oriented upward.
(Several kV/mm)

Residual Polarization

The direction of polarization remains the '\
% ,,,,,,,,, same after the electric field is cut off. )

a3 1. &3 MezlE PVDF Film 24 7= sig
Fig. 1. Crystal structure arrangement of PVDF film
processed by polarization.
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a2 2. Piezoelectic Zs7| 22 2@
Fig. 2. Equivalent electric circuit model of piezoelectric
vibrator.
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a2l 3. PVDF fim 2 sz Z&
Fig. 3. Equivalent electric circuit model of PVDF film.
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E 1. PVDF Film Al# H= (1)

Table 1. PVDF Film sample design (1).
gz | oy | PVDF | 35 | @5 ) 329 | 39
= ~2 | Fm | 37 17 =7 =7
™ A <
7 7tE A= = A=
RT10 2 mm 80 ym | 128 mm | 165 mm | 129 mm | 168 mm
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E 2 LCR olH7|& o|&%t PVDF fim &M &8 & E 4. PVDF Fimel =Z7|of 2 oA EM
o} Table 4. Impedance characteristic by size of PVDF fim.
Table 2. Measurement Result of PVDF fim "
Characteristic with LCR meter. e T e e B B I B B
Fre RTI | RT2 | RT3 | RT4 | RT5 | RT6 | RT7 | RTS8
(Ki) Cs(nF) D ZKQ) | (") | Rs(@) 1 | 3757 | 1208 | 5739 | 2713 | 2402 | 9972 | 4723 | 17.29
1 30.78 0.040 517 770 | 2073 2 | 1890 | 6529 | 2888 | 1374 | 1211 | 50.18 | 2381 | 896
2 30.60 0.068 260 -8613 | 1758 3 | 1265 | 4372 | 1935 | 920 | 8143 | 3361 | 1600 | 626
3 30.45 0.096 175 -84.55 | 166.1 4 | %514 | 3201 | 1458 | 708 | 6159 | 2532 | 1209 | 496
4 3040 | 0135 132 | 8231 | 1766 5 | 7634 | 2642 | 1172 | 577 | 4971 | 2034 | 976 | 418
5 29.88 0.147 108 8165 | 1561 6 | 6377 | 2209 | 982 | 490 | 4177 | 1703 | 821 | 367
6 2985 0.174 0.0 ~80.14 154.3 7 | 5481 | 1900 | 845 | 428 | 3612 | 1466 | 710 | 341
é ;gé; 8;?:1)’ 8;3 :;ggg ﬁzg 8 | 4806 | 1668 | 744 | 383 | 3187 | 1289 | 628 | 305
9 2890 0.231 063 7703 | 1408 9 | 4281 | 1487 | 664 | 347 | 2857 | 1151 | 564 | 282
10 28.69 0.251 057 -7598 | 1384 10 | 3862 | 1343 | 601 | 319 | 2593 | 1041 | 513 | 263
F 20l F4E HES ol&ste]l FADNA 44 a1, PVDF film 2HA 9] F7= 80[mlE AH&-3HSA
7HA Fabe] whel tfgetal ALtekls W 1 %ko] 28 WS PVDF filmel <17he = A4S 2Vrms
B Sty wEkA PVDF filme] B8 32 29 2 uAs FI5E 1KHzAA 10KHz7FA 1KHZzA
& 2% 3ol ®elukel o] AR AT E HE WgshiA PVDF f1lm9] duzel AHRAE e
ow 7AY HY Ir BdS Ve S g9 & LCR "E]7]& o]&ste] FAstom, 48S &3 &
AR o™ Piezoelectric AE7] 32 2d F 18 2(b) & A7) W& PVDF filme d3dx A4 33 A9
of Bel g7 md Fxo} FAML7] Wi vibration /\lEi e E 49 F 54 = 5 9tk
actuator2 A& = Q. =7 x %koi—rﬁ & 4 g1%e°] PVDF film¢ 49
PVDF film €] 7]222Q1 54 ZAbel] o]ejr] =7]e At A717h 252 whilgsie] Fopx & utde] 7
wtel el d el AsfAE kel WS deAE g9l HJAIE 2 PVDF film 2710 wv]#|sle] A T
371 918l F7b4o% PVDF film 54 248 $88 a4 #sh 4705 delels 2F95 geow
gor, o] the AR D Ak E 3o nelk Fabl 8wl QuE ke FA Fashs W
AL AAES RFE ARG BYlom A ARAE e A48 gashs 542 nel,
Z 3. PVDF Fim Al® XM=z (2 ¥ 5 PVDF Fimel 37/of wmZ FHoAE 2 &4

Table 3. PVDF Film sample design (2).

Table 5. Capacitor characteristic by size of PVDF fim.

RT1 | RT2 | RT3 | RT4 | RT5 | RT6 | RT7 | RT8 z‘_’;‘) CwF) | CwF) | CaB) | CoB) | CoB) | CaB) | CwF) | Cp)
M 10| 19 | 39| 59 | 19 | 29 | 49 | 99 RTI | RT2 | RT3 | RT4 | RT5 | RT6 | RI7 | RIS
arasa 10| 20| 3 | 50| 95| 195]| 295| 50 L | o424 | 126 | 2714 | 5875 | 0663 | 1506 | 3371 | 9257
- 1 9 9 9 1 9 9 9 2 | 0421 | 1219 | 2758 | 5816 | 0658 | 1587 | 3348 | 9040
el [y [ [ us | es | 27 | 38 | s | 108 3| 040 | 1214 | 276 | 575 | 0653 | 1580 | 3326 | 8768
'DF = 4 | om9 | 1210 | 275 | 5690 | 0648 | 1514 | 3306 | 845
PVORET 17 | 20 | 39 | 59 | 17 | 295 | 39 | 59 > >
p— 5 | o418 | 1207 | 2724 | 5615 | 0643 | 1569 | 32% | 8132
Re 21 | 35 | 55 | 735 | 31 | 43 | 64 | 114
e 6 | o417 | 1208 | 2714 | 55% | 0639 | 1563 | 3264 | 78%
A= 21 34 45 66 23 36 45 65
_ 7 | o416 | 1200 | 275 | 5455 | 0634 | 1557 | 3242 | 732
e | 100 | 380 | 1170 | 2050 | 18| 9% | 15 450 - : — : —— :
3 5 5 8 | 0415 | 1196 | 260 | 5374 | 06% | 1552 | 3218 | 7143
SR . .
(pvpRzo) | 289 | 841 | 1872 | 40121 459 | 1121 | 2301 | 6372 9 | 0414 | 1193 | 26% | 5208 | 0625 | 156 | 3194 | 6906
WA 5 <
(mmasy | 441 | 1190 | 2475 | 4851 | 713 | 1548 | 2880 | 7410 10 | 0414 | 1190 | 2675 | 5220 | 0621 | 1540 | 3169 | 668
=7] 9l (), 215 Ekeli(m)
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Fig. 4. Block diagram of power driver for PVDF film
actuation.
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Fig. 5. Circuit diagram of input voltage amp
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T3 18 A FEZEE= o9y, IGBT, FRD, g
I ARAHE FAEH o The] =gholH Aok
Z5EH PWM &5 wol IGBTE 9% UPOEW
JYE Y AgE Ak AMAEE AFstd =& &
g AHS I ¢ JEE IEE T

Y A FF 5 AR AR5 A (5% 4] (6)
S o]gste] L g Cat2 T3ttt o] wf &xf AA
Al 7130l He 293 F34E S0KHz, 58 A =
F2 200mV, =9 A7 Hele AR 01A4 1A
A2 A8ttt

L i D(l D)T )

B 2jomm
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TEEH 2] EEbol AHEZEE PWM HE
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L oo Wil M2 2F 00Ve 7
 JE= AT O 62 d¥E Y Full-Bridge
228 H2th Full-Bridge 2+ Unipolar AU &
=g Bipolard] IYSR EYT S 37| TR YUY
ALY Z=80jY Unipolar AU BHE0 L = 2H o= B PYDF Film 2ctel ¢lztsl= Mgk
o] eltt Fig. 8 Appled voltape acress FYDF film terminals.

1?-_":',] ? jHHl—o]— 211 Z-]ol— gil:l RJEE l:]LO] A
2 [GBT2+ MOSFET Driver, R-L-PVDF film™E
 FHZE H0|H Full-Bridge 20 48 dY &
ol 2HAIZl Unipolar dAYE AESIE=E FHEZ
FHEEH, a8 9. R-L-FVDF fim g3z
Fig. 9. R-L-PVDF fim series circuit model.
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Ads FEmE HEF L dRe oliEr 7t 53
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PVDF film HoE> A3 2|28 R-L-PVDF film
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Fig. & Ful-Bridoe Circuit diagram.
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I3 7. &Y do 2R 3z 2. 7))
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32 EME 40| Hetst PYDF Film Actuator #E8 It S2t0[H 7fgt a2
i(t)7F M 4 e e HYE 9 F AT E 7. PVDF fim Ymea Hgh sl29 2 oldH
ak
R+ R, ) 1 Table 7. Optimal Inductor value for PVDF film Impedance
( 57 ) — C <0 ) matching.
A7} Fup X T Inductance
A, 1 (10) [KFHz] [KHz] [mH]
2L LC, 1 1 822.1
3 3 92.3
2] (9)9] ‘ﬂﬂg 774'}5 5H9] 73]‘?‘% Under dampedﬂ} 5 5 339
o AjzEoe] Ty Ad S-S 2 u 29 & 6 6 235
o] 7+4] XE3st= Z$-2 R-L-PVDF film 23 3] 29| 10 10 88
A AR ()7 g A (10)9) WoE wEse 15 15 41
#le] -+ Critical damped®} Over damped ¢ 7% 20 20 24
% R-L- PVDF film 22 3|20 tFA oz A7 E 8 PVDF fim uHA M3 520 & M3t 7t
z'(t)7} 52 4 9t} wabd R-L-PVDF film ¢3¢ Table 8. Optimal resistance values for PVDF fim
~ A% 2o A ARE 52 2 9= Rz Impedance matching.
Lgte T3] figke okel 40D ol gasnh Vhat | Pl | Resistance Kol
1 1 1 10.331
Sovar = or JLC (11) 3 3 3.480
’ 5 5 2.128
¥ 62 PVDF film 99¥2 A3 3]z HA g 6 6 1.775
2t7] 1ste] Futrol wel Wak= PVDF filme] 54 10 10 1.108
# % PVDF film 33 3|2 »ds& +A4s= Rt 15 15 0.771
Cats LCR "E 7|12 =A% Aol 20 20 0.604
PVDF ﬁlmQ‘ vibration actuator® *}3‘6‘}7] ) o]
Oﬂﬁﬂa H]—}\g‘cﬂ— I 9}]\1:; :r_;q ﬁ]‘ E;l_g‘:é}l—‘: ?l }‘1 ﬁ‘ﬁ‘ﬂ' _iﬂtﬂi o= "}I:‘ 2)\% }—chd Z\‘]I (10)"% 7@“’4
e TeA hAFe Faes g w10 T AT
(fpuap)E 3L 6914 Kol Cghe A (Dol ) pip o 2L 1)
ste] AL a,kw 73 ATk ® 74 Bl C LG
AF7E 44 AEekA] @il A 58 T Ade
I 6% % TE5Y /b Fog gt Ry @b
E 6. PVDF fimel Rs #tnt Csit &8 Z 3t Ce 3 a8z A9E@) e A 129 Q1 5}
Table 6. PVDF fim Rs and Cs value measurement Ao w

result.

Freq. [KHz] Rs [Q] Cs [nF]
1 207.28905 30.776
3 166.07308 30.455
5 156.09496 29.881
6 154.29888 29.849
10 138.36564 28.690
15 130.03195 27484
20 121.43095 26.317
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AR 74 W%
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™ “']751
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7] 98 A s 3 Ave 7
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Fig. 10. Power driver Controller.
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