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Abstract: According to the theory model and property requirements proposed by Electroactive Polymer
(EAP) film-based flexible and intelligent devices, a flexible structure device was fabricated using a
ferroelectric polymeric film, the corresponding kinetic equation, vibration behavior model, and electro-
mechanical property description for the flexible device were established, and the influence of preten-
sion-bending rigidity, driving voltage and geometric parameters on the properties of the flexible device
was investigated. The vibration behavior model and characteristic description for the flexible film de-

vice under the coupling effects of pretension-bending rigidity were presented, the influence of Young’
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s modulus and pretension-rigidity ratio on the vibration behavior of flexible film device was illustrated
through combing numerical analysis with finite element simulation, and then the mode shape of the
EAP film-based flexible structure was simulated and measured by using the Finite Element Model
(FEM) and laser Doppler technique. Furthermore, dynamic response characteristics of EAP film-
based flexible structure versus the driving voltage and geometric parameters were indicated by a com-
bined approach of piezoelectric excitation and laser vibrometer measurement. The research results
demonstrate the validity of laser Doppler technique employed in the property test on the EAP film-
based flexible and intelligent film devices, illustrate its the working mechanism and dynamic proper-

ties. and show the precision displacement to be 21. 6 nm under a driving voltage of 1 V. This work can

provide theoretic foundation and experimental supports for EAP-based flexible devices.

Key words: electroactive polymer; film device; dynamic characteristic; flexible structure; laser

Doppler technique

1 35 7

M 75 P B & ¥ (Electro-Active Polymer,
EAP)EJy— i A i 43 2 68 B4R, PR ok Ry
(10 FiL 2% S LB R T 5 S 4 202 . EAP L
LR S 3 7 AR A il U 4 B K S O 2 g 2 )
VAN E S S I e P i A ey v S B £
A H LB Y 22 )R RS L L A RO B T
J T HAS 5 9% 57 T IR , W] AR A% e w4 ki 1 T
TPl R 58 (MEMS) | 2 P46 & 05 AR ML #s N 46
G, BANEAP DL FRA Y N £
FRE AL A TR i 5 L RBAEAIC il ARG L 7 LA
PSR T2 R MR, I EAP B ORHZ B
— RIS 2% AL AR AR R R R — A EHE Ty
S I JUAE, BT EAP B9 3 R PL AR B 3h 25 Fn
RS RA TR E LR, miGHERA Y 6
TR B W AE RV A COR W PR, W Es - Ko-
vacs G 45 IF il 1) HE 2 =X 0 45 3K gh 280, B G 22
Anderson lain A 45 1 3 19 §E 5% 15000, 2 KA
Carpi F S5 fF & 09 i A & 168 & ok s g™, 1l
Flittner K Z:4l/E 19 EAP IR, Lotz P 45 528K
() EAP 9K 2h % s 520 . pbah, B PG 4 A8
i K 2 P B AR EAP A RFRIAE TR
N 28N N T O AR R G, o KA AR B
A A4 10 e R FH T ML A 4K

EAP bR 1 2 48 B4 58l 1 AE £ U g fn
TN B RE B8 T & 45 45Uk B A T 8L A T 28 M 8
SR 5 X 232 P T SR8 41 25 L W0 0L 1 K 3 i T JE#L-
FR A R M 45 O T A B 5T M AD TR B B B

EAP ZVES5#6 3)) 71 5247 S R K 3l R 1 52 R B
VT A 5K 7 0 5 ) 22 B3 AR RDKE RS 3E A
T, EAP B4R fR B PR A o8 3 g 1R BT
14 2 57 B BT O Ak 75 2 R R R A I E 5T, i L
ML R A5 BIL LR g 7 A 7R A, B3 = 2R 48 A BEE A A
S, T AR SR EAP AR —
gl & o FREY— R M (PVDE) 2y
SEARPE B AR Bl A & T R RS R R T
1 (R S 235 ) A e 2 T B R T 5 g e R R Y
PR AT MR RY Je HRR AR ALl 34, BIF9E T 4 PO A
KTk J1-30 A W RE Fb ko 32 1 (R RS 45 4 3R sl AT R
(5 G &, 2R AT BRIC T I 0 0E T EAP W2
P 235 R TS R A1 B 4 AT Y IE B . R A BROT
LIS B 500 235 85 R X EAP I8 22 R 45
A I R 28 I R0 4 A7 T RSB0 R S B 5L B IR TR
FHIOE 23 M3 R E EAP 3 B8 22 7k 45 0 3 2%
PERERY AT ATV . e Ah . I HE H SR -O6 45 4
WKAGM S T 9K 3h i e K A% 8 JLAT R ST X EAP
VIS S 1k S5 A IR B PR RE YR T L 38 R T EAP
TR R TAEDLEE K sh S M fE .

2 MR MEMEAELS E By

2L EAP I S M S5 # i AE S IL oR
PR DG B 300 T L 4 P A 2k L 3R 5 ) PVDF il
& B A SO R A AR AF . B SR ICE Bk
S BE D Js TR FE TR (PMIMLAD 1 SRy S #6164, O
PP s 8 YR R L 3R i 5 FL U R RO U181 7 ik 7
FE b A AT R LA RS B BB AL 5 T )i, 7
PMMA - F bR S HE 4 1832 T e o4k B0 S0 o XL T



2730 P

K TR

5 20 &

P 5 A I PR S T PMMA SF B
RSB LI BRSO IR A 254
FR e AR A T | LA it fin 38Rl 45 5 0T S8
o VR A R T 2R 5 0 I P 4 A AT 5 O
MR B 1,

T Silver electrodes

EAP film

[ ]
Adhesive Adhesive

PMMA PMMA

BT BT P SR 5 I 22 M 5 4 O 2
Fig. 1 Structure sketch of EAP film flexible device

EAP U IS Ve S5 49 76 i 1 1 B2 51 A 52 A%
RE 7 S B 6 T 24 S B A i P S T . S
WA CFAESU R D Ak T 3 AR R Y
AR 3 AT 2 59 A% g 5 B T P By Mﬁ‘ﬁﬂ#ﬁfﬁ
e

19 19
D{arz rdr 129492}
19, 123*° % w
T{F)rz 3, r2702Jw+ph Py =0 . (D

Hrp D=ER'/[12C1— ) T RHTE NI, T 1
Wk 1, Eovy hy o 435120 EAP 3 J5 (19 4 G A% &
TAMS L R BE R B, ¢ S BF ], Cry O) S AR A
., NTHEA SR B EAP BEA, R H 5% K

RN A5 500% B (B B2 52 m /N, B4R EAP R A
S HLAD
22 2 DU TR [ SZ 00 1R B 25 4 L 15 O AR (1D 1Y
M
w(r 0, D =W(r) 00 e, )
B OMAF R H
(’)2 1 (’} 1 (’]2 2
ED[arz Yo 7(7@2} -
1
{ _‘_TE_’_%,)@ZJ“F‘O}L(U we=o , 3)
1 a2
SR A T Vi= '2 r7; 7@»)’1”
Ji R (3) AT [H X4
(VI 4+ (V2 —FHWO=0 , )
HoA R AE 2 50
0(22’%]: 1+@T{&’21} , (5)
T

_ 4 Dohal
B ZD[/HLTZ +1] (6)

HR A VT o0 J7 B B T R () 1y i Al %

7N AT PR LA o T R I A ) RN
(V*+dHW,80=0 , (7
(V= W,0=0 . (8)
4 @=cos(n0— 0,) K 15 Hk + 12 3l 7 &
Hrh n=0,1,2,3,,0, FWILGAHAL, W J7 #2 (D

(S H
W, | 1dw
d’; ‘+(a ——)W1 , (D
2
ddYV2+idW2+<BZ+—>W2 0. (0
A O M 10) BY kg2 i D1 S8R A, Hofw o .
W, =A,J,Car) +B,Y,Car) , (1)
W2:Cralwx(B")+Dv1Kr1(Br) ’ (12)

K AL B,.C. Dy M RFEREGT, MY, 205

n B o — 2R AR 28 DL S8R R, T, F1 K, 2300
n BB — G Il ot B DL ZE AR R, B B E

[ R e A A BRE L, QDA A2 i Y,
Car) FlI K, (Br) AT 22 B, 8077 R (4) 1) 38 it By
W=W,+W,=A,J,(ar)+C,IL(Br . (13)
HADFW R BEIR SIS n i 8E —2 L
MBS R N ERRBE A S, Wik, A

77 A8 (L) 1 3 it ] 3508
w=W (D =[A,],(a)+C,L (BN Jcos(nde™,
14
HAFTE
F—d&=T/D, (15)
af=w «/m (16)
2 [ J5E ) 3 [0 5, D 30 S 2 A
w(r, O | ,—x=0
{aw(,,@‘ . (17)
dr —R
B U ADARANL R ZAF A F35)
{Aan(aR)—f—CnL,(,BR)O (1)
—Aval 1 (RO +CBLL (BRY =
KA IR ST R B R A T ’«%ﬁjﬁz
T

AR BRI A R IE S 80 oR Ml BR A A FEAH.
Sy T K 7 5 HE W EE D X (R 3h A Y

Eyﬂﬂm’EXTDméﬂ?ﬁﬁﬁz
T-D It
:(BR)z*(aR)z: R T (20)
[min(aR)]* 14.68D °



5 12 4 KA Z A IS VR IR A R SRR A M Y B A R R A 5 S g 2731
AR SR TG R A A A LA RSl E A O R

k= affR* = aR V(aR)?+14. 682 . 2D

AE R R B Bl g S AT O i B R R

LA RS B R o K T T B R, 2 A0

I, 7 19 AR 1] LA 5 24 A<Z0 I, 3R (B S 42 1)

FE4s . AETK J7 -5 MR RE A 1 T [ [ A7
DR

_a /D : IR« | ER®
@ RJph[(“R) + D] R 12p(1—v)

(22)
P I T BT RS R AT Ry O A S e ) A A
P NI EE-5K /R F T 0 [ A 0005, FL 3 v
FELEh EAP AL 2 MBS ¥ 5 8 5% T H
T R R R 11 R S I e AR 3 [ A
T 2 IR BRI 5t o 35 Jal R T SR W T TS T
HIVERT 2R 7 1) = A Ui e TR R B 3
JEAR B B g5 7 R . AR 22 T T N )
T I PR e 0 ) R 2 G L EORE f e
p=eeEi=ge(V/®?, (23)
K =8.85X10""F/m M ¢ 7l h EE Al
BRIV A ) 04 AR A 8, B, SRy it T i
Yk, V R IR S, o O W R . 7 L BN
FIERR S SRS A 7 JE 3 Oy i L R A 1
HUBEIE 22 1 7 270

3 HMEABEMEG AR

3.1 HEENTHR

S T LA 45 ¥ AR SF R 2 19 EADP 38 5 52 1
SEAE PSR EE /IS 32 R BN A R A EC A o
e D=ER’/[12Q1—) ], K &5 P HE P A
TERIRE 1. B Uk, o B A T 2 NI AT 5K gkt
EAP i BRZ5 18 [ A 45 22 1 sT ik, i IR i E Al
T-D b AER ZHEUERE R 5 mm, JEHE R 64
pm [ EAP 5] B85 245 #4 R AF 5% % 52, % L i (5
— By AT 0% i — ZR 90 1 BB RSB 5 . X
EAP %544, 447 [CH R E 7 2.5~ 4.5 GPa, T-D
Fo A —1~2 Bf i =X (22) % H R o JE 0t 17
TRBUEALL B R NE 2 iR, R T
DR 2% b &5 ) L0 1 58 LR L (8] 3 oA EAP (5] B &5
Fyretg K F B E M T-D Ho A L[ AE FH R AR 3
W) S AR AL R, R 2 MR 3 T,
EAP (5] B8 45 #4) 1) 05 i A% [ #E 4 F1 T-D LE iy 1

WS E B KR E ESl T-D b &2 —,
B AT AR 4 H IR 0 2 9 — S 5L,

3500 T T T T :
> F=25GPa 1

3000 O £=3GPa
N o
£ 2500
2
2 2000+
g
E 1500
g
2 1000t
]
& &

500t &
o - : : :
-1 05 0 0.5 1 1.5 2
A
2 EAP ZVELSH IS 54 KB T-D Ik A 2
ENEAGIER L)
Fig. 2 Numerical simulation of 1% frequency ws.
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