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Investigation for Dynamic Response of Electroactive Polymer Actuator

JING Sufang, PANG Xuanming, CHEN Xiaonan

(School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; Dielectric elastomer (DE), a kind of electronic electroactive polymer (EAP), was
made as a circular actuator and investigated for displacement response of the different voltage
waveform, amplitude and frequency as driven by AC voltage and pulsating DC voltage. The influ-
ences that the above factors bring to electroactive displacement of DE actuator were investigated
through experiments. The experimental results lead to the following conclusions. The displace-
ment differs with different wave of voltage, which decreases driven by square, sine and triangular
wave of voltage respectively with other conditions remained while the reduction speed increases
with the increasing frequency. The displacement increases with the increasing amplitude of volt-
age and decreases with the increasing frequency of voltage. The relation between displacement
and amplitude as well as frequency of drive voltage gets nonlinear. The drive process is more sta-
ble driven by pulsating DC voltage than that driven by AC voltage. Comparing the experimental
results of DE actuators with 2X2,3X3 and 4 X4 pre-strain, the conclusion shows that the elec-
tric field strength for DE actuator with 4 X4 pre-strain is higher than that for the DE actuator
with 2X2 and 3X3 pre-strain. The DE actuator with 4 X4 pre-strain is more desirable the actua-
tor with 2X2 and 3X3 pre-strain for the deformation stability, response speed and frequency of
voltage that the DE actuator can endure.

Keywords: electroactive polymer; dielectric elastomer; actuator; displacement response

WA B . 2009-03-17.  VEFE@E A HEFA975—) . & L EEHRA N . BLAIZEZ.  EEUH . BREHEAD
¥k R % B35 B (2006 AA047350).



48 [T S N ]

x

543 5

HEEN R G Y (EAP) & — 285 84 1 8 REAT KL,
TE RO T 7 A A AR R B v AL R A Ak
HOR .t T RABURE SR8 216 5 T 0P
A Gy S5 IR I A 20 122 90 4RACLA
K W51 T A E N SMIFTEE 1O T HAERE.
R R LA UK | B2 HT L HILAs NS 221 B T 43
b TR TS R AR R AT AL A R [
EAP bR 200 8 7 RURT L 3 2 HL g B EAP
ARTE L JEE PR 7 A (R 208 F1 8K PR T LARE FH T
WSS . H AT ERGRIR R GE D iVF 29K sh
v A A AE S Bl AT G AR s R AR/ R AT
PRSI RN N AR SOR —Fh e 3 8 EAP-
DE 154 Bgh & b1 et SEAT AT 5T, LLBIE 5K 3 &% 19 H
BBhPERE AT R 2 ]

1 )R

AL FPER (DE) J& T it 57 8 EAP, i 82

B SRR S U e bR R SR
e LN
P i 1%

i‘
. W@E
I H B

/l/l_’/
j I

BIL A s A ) A i Bl

AR Jn A

i FL

I S AR RGN R R
H,37 77 ) 2 e 4 ELJEE B8 ki)  [) B A 2 T L 37 1Y
0 7 T e Sy M < I W R ) i S )
FRFEREASTE T 1] TR I A2 (1 rL BN 30 oy

pa = eoe: (V/d)*

a0 e, 435000 ELAS A B BORBE R AR XS A
GV MRS R d N MR, Hoh,e =
8.85X10 A ¢ s/(V e m),e,=4. 71, Y3y J
A LRI SIS R AR A SR M 1e] T2 WK 7
]t AnfEl 2 FirR.

2 SRRy

ST B R R ARG E 3M A ]
() VHBA4910) F1 22 M FL A A4 B (il 82 K MG mech-
enica /A 77 (1) T HL RS IR I o =2 VA7 52 44 )
A BRA B A P 19 T A SR

K2 AR

S VHB4910 #RHA JEAREEE R 1 mm, il
b XS ] T fof A 7 o) R AR ) B g v ) AL
BRCPE E DA 5 B AL R e 200%. B VHB4910
JEE R TR 2 X 2,3 X 3.4 X 4 £ )5 i 1 B 35
BN BB R A XS W 4 RS 43 531 R 250 pm, 110
pm F1 63 pm, HAEEY 8 mm, I nlic /RO |
A FIAD. 5K ) H R FH IE 5% i = A 38
LR 5 LA KON I 1 T 3 K sl v A D L 3 Bk
HL .

SIS H A OFF—E MRS T Y )
T AH R 5 F e e (AN AR A1 2 A8 A0 B (18 437 8% M 7
DA K L R AR AS MR B AR A B 7 B8 T 7 s @ 7 —
FE B AET 2 L R s A A3 3 AR ] SR 3l L
PTG AN [ s 1 47 A% 7

3 SERREER Lot

32 i B I T R B 2 K B B a2 7% Bl Bz

1T DE 8972 77 ) A Bl #3777 1) 224 7558
U FE S TE B L 300 PN 22 7 2 () 7 1] B 12 8% 5 BT LA
B B B AR O i AR AR Y 2 A &1 3 ik
QOFEMAHN 0.5 Hz I 19 1E 52 52 i FLE T A9 L 7% 1
IR

3.1

-100
100.5

1 1 J
101.5 102.0 102.5

t/s

P 3 AT L T R (B 1) (3275 1 26

1
101.0

HIPE 3 AT AERRE A HU R R R N R
—E I o L AR L (SRS R, Y 9K L T B = A
I (3 R A A R H 5 TE 5 L ) B ) 35— 24
& — s I o FL I R R 358 S8 g IS 07 1) T



5 113

RHRTT A R G Y BRSBTS 49

SZ V1) FL BN B, RIVRREJSE T [ 52 He 447 1Y) 7R R

KBRS i . B 4 Sl @ i H i -

PR R MNL, vT DL Y 2R — g ), 7 BB BE R
o W i ok 2 R .

500

400F

2300—

gzoo-

100

0 1 L 1 1 L 1 L 1 J
28 29 30 31 32 33 34 35 36 37
EMV-m''

SRR T S VA SN E

3.2 XEET A5 ER 2 4L B B9 0 7 M iz
XFFRFQ , B R (E A 4 KV, JEIE R 1E 5%
W= FA 9 WA I 0.5.1.2 F1 5 Hz #4758
5. &5 NTE—E MIRIE AR T » P AR AR fL

F14) 8 2L 57 % Wi 7 T 28,

600
500
g 400

g
& 300¢
& 900t

100

0 1 1 1 1 1 1 1 1 J
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0
f/Hz

F5 T OTEA RIS RS SR 5% 2

H &l 5 AT LA Y IE 5% 3 R A 9K sh 2 8% LE AR
) S A4 T 1) =1 0 R 1 9K Bl 437 8% K T L Bl 25 5
RIWIER s = F U R SRS AL s s R, 2 =
0.5 Hz i}, 1E 5% 3% B (19 3K sh 0 8% J = D LR
WKENIAE Y 1. 4 4%, f=5 Hz B, IE5ZIEEER
IR RS = A % W R B BN R 14 3. 1 435, 1 A% Bifi
AR A E MR/ AR AR OC R X T HA TR
MREW K, KA HR 522 ME. fF
VHBA910 J& F = Zh st prkt , 2 st p Rk i i 2 5
N 3 2 (B AF e fe B4 i Je B4 5 7R i 74
AT 5. AP TIN5 o (B B Bl
SEAABIR AN 17284k R LI o G R B . 2441
AR B B nT LAz 8 MO RE [R5 R B, i I
MG, I AE SR 038R TIE TR s e R
ST RN R EOIE B, RIS AR A7 FC A
SR — 5 U L P B R A 39 R g R R AR

RIS s AL A7 IR S B, Y PRI 32 1) 4h 1 —
S HST 5 JEC AR TR DO KXo A PRIXEE o BT T4 % 3R /).

2 E R MR (R RIS — o ) A [ — FE A Y, = A
W HL e LU TE 52030 F R 2L B L RE /D BRI AR AR [R]
HA L4 W MLAR BE 2, NI 2B =AM B R
DE A8 057 8 HE IE 5% 0% B R A8/,
3.3 HiRBkshBIETHALH 0

6 it @iy S g it £, HLBR 3l B o TE 5%
FLI MK LR B0 1 Ha, {6 B Bl F e A9 38 =5 1
K, 5K S R B B IE AR

700
VikV
sook —3.55
g ----3.75
& ——4.25
@ 300 ,\
&
100R
-100 1 L L J
100 101 102 103 104

t/s

6 —EMART iR IR (AR L B £k

3.4 EiRBkEhEE T 55 3540 B B9 R0 7% M KL

XEF IR, SRSl A IE 5% B bk sl FLU , L
JEBRAEEL 3. 75 KV s, AN [R]85 8% M o fih 28
WE 7 iR, 28— B AR A R BN
A Ak R A 12 i R IR A AR b R 3 — 3L DR IR Y
(NEEAIVRUN P =g V7S iy NI R el LN R
LR A AR o AR B R E. X2 DE
FEAF Y F S0 15 A 52 19 Al L 2 S YN 22 it FL 3
FL A 5T T ) A (AR AT 1 52 22 R BB ) i Ak 75 e
IR 53 6] B VR FH D0 TiIE AE S 53 FL BE TR A F A
T3 08 43 FEL R S 46 o BBB i T #2815
FECT UK S R AR E T

200

103 104 105 106 107
tls

K7 B AR A A 5% 26

3.5 EFMKENEE TR B B9 o # N R

Bl 8 ik TE LR IRAEL Y M 3. 375 KV i, fip
X of (AT R B M 26 P T T LA H 2 H R R
FU R —E WF, 3 FpAS [F] T8 T B 3R sl (5 8 4%
ASHHIAD  F b O B ksl F R A 3R S v RS B s IE



50 WO % E K % % %43 %
SRR Z s =S ER/I. BEA IR 134 R = ELIR 184
Kl F T AR S0 (0 B 36 U B b, O Bk (80 BN R XIS AR ST U R A L

L TR 57 A% 128 D A 1. TR 7 U EL IRk 30
R (R 9K Bl R

1 2 3 4 5 6 7 8 9 10

f/Hz
K8 IRIFQOTEAIFMIE T AR % it 2k

4 % B

(DR AR A8 Y 1 9K 8l H T3 B Y DE i
B A 22 B it P P A PO 304 0 T 94 K B L U
PRGN I HLE R AL R,

) e ELTPK S AK S L 7 i B bk sl L s
IR A2 B R L IE 5% LIRS LR Z . = B
ok 5l i T B /. B AR A3 O = A Bk sl
R 1 3R 3l 37 5 3 ol ik e DR » 75 05 L AL Mk sl i T 11
YRSV A% 136 3 2 i 1+ L UL Pk s P s ) K Bl R
B D0 52 L s s ARG E AR T IR RIS B Bl 0
AR i B AR

() XA R FRBLAHUIRZS T ) DE JHERRE, S5 %
OB, JIr e A SR 51 L 7 56 8 AR A 1 6T 0 4 ) e b
RS E.

(4) DE i JIE 4 o] 99 52 R JE A2 K032 9K Bl F T
ARSI AR 99 R A K DE 3 10 b A 75 L 32
P FL R 25 A 2R B R DE S 9 8 28 UCOROCTE LA
BT A H R 22 0 LR R B AR
(LAY Y€ G e M P P e SUE A N PP
YR 2 . Mk H A U PR A B2 2] L DE i 5 P

S 3K
[1] KOFOD G, SOMMER-LLARSEN P, KORNBLUH R,
et al. Actuation response of polyacrylate dielectric

elastomers [ ] ]. Journal of Intelligent Material Systems
and Structures, 2003, 14(12). 787-793.

WISSLER M, MAZZA E. Modeling of a pre-strained
circular actuator made of dielectric elastomers [ ] ].

Sensors and Actuators, A: Physical, 2005, 120(1);

[2]

[4]

[6]

7]

(8]

[9]

[10]

[11]

AP [, DUEE 53R . 2006, 26(2) - 214~
232.

HAN Fufeng, WANG Yan, LIU Lihong,et al. A par-
allel pipeline robot mechanism designed by using EAP
actuators [ J ]. Mechanical Science and Technology,
2006,26(2) :214-232.

HEYDT R, KORNBLUH R, ECKERLE ],

Sound radiation properties of dielectric elastomer elec-

et al

troactive polymer loudspeakers [ C]// Smart Structures
and Materials 2006: Electroactive Polymer Actuators
and Devices. San Diego, California, USA: Interna-
tional Society for Optical Engineering, 2006:6168M1-
6168MS8.

CHOI H R, RYEW S M, JUNG K M, et al. Soft ac-
tuator for robotic applications based on dielectric elas-
tomer: quasi-static analysis [ C] // IEEE Robotics and
Automation. Washington, DC, USA. IEEE, 2002.
3212-3217.

BARAE , BXRIE AR, 5. IS AL IR S W ) LRI Y
V. B4 F PRl 5 TR, 2007, 23(4) : 250-253.
CHEN Juan, ZHAO Cuiqing, QI Xinmei, et al. Ex-
perimental research of electroactive polymer [J]. Poly-
mer Materials Science and Engineering, 2007, 23 (4) .
250-253.

RS gss . B BT RIS Y —4E
grEEhER Tt [T ML CARIW, 2007 (8) 1 100-102.

LI Gang, FENG Minliang, LU Xinsheng. Design of
unilateral push-pull actuator of dielectric elatomers
[J]. Mechanical Engineer,2007(8) :100-102.

FOX J W, GOULBOURNE N C. Goulbourne,on the
dynamic electromechanical loading of dielectric elasto-
mer membranes [ J |. Journal of the Mechanics and
Physics of Solids,2008(56) : 2669-2686.

PELYINE R E, KORNBLUH R D, JOSEPH ] P, et
al. Electrostriction of polymer dielectrics with compli-
ant electrodes as a means of actuation [ J]. Sensors and
Actuators A,1998(64) :77-85.

WISSLER M, MAZZA E. Modeling and simulation of
dielectric elastomer actuators [ J]. Smart Materials
Structures, 2005 (14):1396-1402.

MA Wenhui, CROSS LL E. An experimental investiga-
tion of electromechanical response in a dielectric acrylic
elastomer [J7]. Applied Physics A-Materials Science &-
Processing, 2004 (78):1201-1204.

(Zif oA



