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Abstract— The mathematical model for describing vibration of poly(vinylidene fluoride) bimorph cantilever beam
was constructed and compared with experiment. The frequency responses of amplitude of the cantilever beams
of various lengths for alternative currents of various voltages and deflections of those for direct currents of
various voltages were measured. From the experiment, the assumptions that forced vibration would be due
to the uniform bending moment exerted by electric field and that the cantilever system would be structurally
damped are known to be reasonable. Though damping factor is constant for all normal modes in the theory,
experimental results was different. However by modifying damping factors for first three normal modes the
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theoretical results were considerably in accordance with experimentals. The model was superior to earlier
models constructured by Toda and Smits in predicting resonance frequencies and amplitudes and describing
amplitudes of all positions of vibrating cantilever beam in wide input frequency range.
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Fig. 1. The structure of PVDF bimorph cantilever
beam. E: Electric field, P: Polarization
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Fig. 2. First 3 eigen functions representing normal
modes of cantilever beam. a: 1st mode, b:
2nd mode, ¢: 3rd mode
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Fig. 4. The system for measuring vibration of PVDF
bimorph cantilever.

Table 1. Some physical properties of KF piezo

3.4 # film.
. Property Density Elastic Piezoelectric
A&+ Kureha Chemical Co.9} 30 um 7 <] of stiffness strain const.
KF Piezo &2 #53 Al 3] 5ot} o] F piezo
: 3 - -1
PVDF €% % & Fig 13 o] ¥2ukato] 1} Film | 178 kg/m* | 3.0-32 GPa 30X 10~ C/N

The Korean J. of Rheology, Vol. 3, No. 2, 1991



160 Z344 « A4} 7

4.1. LHTISHol| st J1Ee| EIEY
73R R Eo] A7) A B AA de &
dd #3¥ momentel &JFvi= M BREAS
A7) $iste] AFEZ JFAGE FUE 99
A& SAslch #U& moment7t FolHE o
o} gjdre Aol AL o5 A
M,L? 3da,V

Y(L)= = L2

2EI 4T? 20

o371l A Te ejgre] FAock

upebx] AFAGe] ds FUg momentr} Ao
Uz v Aol og FAA A Q20
d#)3kx] & Aolr}t. ® FUZ moment7} HAY
st = o] moment’t YA} A3 AAE
27 ehd 4] A (2003 dHFHA] 2e A
P27} g el A¥AF} 0|23 & UA
& Fig. 52 & = 9lth o|Ao2 TR o] 74
AFL FY3 momentol] 23] dojndries 7}Ao)
eldslciy B 5 gluk

6 —
4 —
2 -
1 +—
E -
E i /r‘
_§ /-/ .:/.
= v
__a /'I/ '/ 5 a
E /V/.
< 0.1 —* o a
‘/‘/A/
7 [a]
o
/ D/ D/
0,01 l | |
20 25 30 35 40

Cantilever length (mm)

Fig. 5. The relation between cantilever beam length
and static amplitude. m: 20 Volt, ¥v: 15 Volt,
@®: 10 Volt, a: 5 Volt, 01: 2.5 Volt

fHs, A3d A23, 1991

s

CRET LR Y

4.2, FxRZE| et FHMz e Hlm

T2} A7 FoAlA od A RYo) g
33 74 R IR v|w3lr] f43te] 2BR Aol 39
mmel| 3 FAxQ o] E4E o]83t Fig 68
2%t} Fig. 69 o|&X& A4sly] st 723
3ol ¢ AR G=y/EE 0.0800, 343419
7%l Z=B/EE 004552 3l A 1¥9FH5
odlAe] AEE F 2ol ois) dA=E A
dr}. 223 moded] - 10WA mode7tA = 3t
Adrk oA At F Zyel izt A% F3t
P& FAL vlwsd A 13HFH d97Ae
T RYS FEY F Adddch a2v aFde o
A Al 2FHFSs dANE g Z¥e
|3l Zl7ket AWA Al 3FHFILHEE
peak’} Q& AFHE Bolt T2 RIS
Aga| A FHFaa vit} peakd Hlth o]
T 232 Aol A (18)7 (194 & 4 %ol
4474 239 %] Bow,/ELE ol Bl
oz JHFIert TR AMA A 23H
Fkg o] AHElE AFo] FA3) st 727
e At dYForet FAstEE A% 3A%
Azt §71 wEeloh
o] FHPERHE A 3FHFIT AG7A
ZA3Z ¥™ o] PVDF bimorph $21.9)
Voigt 2¥o 2 Hrle BavtdAsrt 3

o 12 4

E

Olﬂ oX, rﬁ.
flo et 1w

=

- N A

Amplitude (mm)
e
T

0,01 |~

0.001 " IR

5 10 S0 100 500

Frequency (Hz)

Fig. 6. Comparision of structural damping model and
viscous damping model. —: Structural dam-
ping model, -0-0: Viscous damping model,
Cantilever length 39 mm; Excitation voltage
20 Volt; Structural damping factor, G=0.08
00; Viscous damping factor, Z=0.0455



Y ZEA TR AF

Sppel] dsf FHL TR BYoE of A red
T Ao A7 Fig 7~11].

Toda®} Smits®] AFHH= A 1FIF¢ 3
<ol RS 2A A 2FEFIeo] O
A3e Lees}t Marcusel] 93led Al 2870 @3
Hokx BRad A Pog 5L HrdAAY
59 JHAY} Foppo] A Fakp-gidol] #3
= FARL HA FEFATE SAAT #AE
ool mex 258, EE Todatte] 34| E
AAsAA, gt st Fx27 e Ajelg A
Moz wmsx Eabglch

4.3. M¥ Mol cfst oA

HRN A F2FEE B AR o] wgkmw
X2 23t Hu]R-o 2 ZAE °) 719 e
PAEE 229 2 HYS o} 1) 9)sle] 39
mme] S BHo| s ANZFe Fupgs oy
Aol el ZAsgict. S AHES o] L3l
7t 39 mode?] FHAEL AHgle] i3] plotdh
Z1e] Fig. 120]c}.

A 2, 339 modee] sl APAo] mA=E
A 134 mode?] 7 Agto] 10VoltE dojA
HARE YAl A vlelur] Aatgc) o]z

AZo] 3mmE Yo ‘9—;7} AA Aol B
0

497 gethe Ae & 4 sk

4.4. 2"y Zolo| HEk

S 10Volt2 wmAsta ogdre Zolz ¢
2R 7HE o] 43l by REe] Fulps

< 343 A9} Fig 7~110]th 6714 A 4le)
2291 parameterE& A EAS A 9sty TF Ku-
reha®] AFAHAL] Q5L AHLsldt)h AEQUR}
< FAHLx) 22 30mm Zo)o] "M AT
e, ZAE Fopsd A2 R FTPNZS
9 1//29] R 2o sjdshz F9152 7=z 24
atsict.

THFIAF FZAME o2 moded] <o)
Al 5 Aok 7pAskd 7 7)1% modeE 1 A5
EA Byeg Zabsle] 7t 7)% modeol] gt A}
Freke] AEE o3 o] FIF 4= gk

54 4 161
E
E
Q
e~
=t
B
g
<
5 10 50 100 500

Frequency (Hz)

Fig.7. Frequeny response of amplitude of cantilever
beam (Length=23 mm, Excitation voltage=
10 Volt). Structural damping factors: Gl1=
0.05590, G2=0.04086, and G3=0.03250 Reso-
nance frequencies (Hz): Calculated: ®,=
27.75, ®:=173.90, and w;=490.71, Measured:
01=25.2, ,=165.7, and w;=472
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Fig.8. Frequeny response of amplitude of cantilever
beam (Length=25 mm, Excitation voltage=
10 Volt). Structural damping factors: Gl=
0.05590, G2=0.04086, and G3=0.03250 Reso-
nance frequencies (Hz): Calculated: ;=
2349, ©,=147.2, and w;=415.34, Measured:
=206, »:=146.0, and w;=395
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Fig.9. Frequeny response of amplitude of cantilever
beam (Length=28.5 mm, Excitation voltage=
10 Volt). Structural damping factors: Gl=
0.05590, G2=0.04086, and G3=0.03250 Reso-
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Fig. 10. Frequeny response of amplitude of cantile-
ver beam (Length=30 mm, Excitation vol-
tage=10 Volt). Structural damping factors:
G1=0.05590, G2=0.04086, and G3=10.03250
Resonance frequencies (Hz): Calculated: o,
=16.31, 0,=102.22, and wz;=288.43, Measu-
red: ®;=15.8, w;=104.2, and w3;=294.5
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Fig. 11. Frequeny response of amplitude of cantile-
ver beam (Length=39 mm, Excitation vol-
tage=10 Volt). Structural damping factors:
G1=0.05590, G2=0.04086, and G3=0.03250
Resonance frequencies (Hz): Calculated: ,
=9.65, »,=6048, and w;=170.67, Measu-
red: 01=9.6, ©,=624, and w;=173.7
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