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Abstract : With the wide application of electroactive polymer (EAP) in bionic robots, flexible sensors, energy and

other fields, the research on EAP is also increasing. This paper systematically describes the research progress of

EAP intelligent driving materials in modeling, control and application, laying a foundation for the subsequent

material application. Firstly, the classification and electro actuation principle of EAP materials are outlined.

Then, the modeling and controller design of EAP driving materials are sorted out. Finally, the existing research

difficult problems of EAP in material properties, intelligent structure design, system modeling and motion con-

trol strategy are summarized, and the future research directions are prospected.
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Figure 1 DE principle of DE electro actuated deformation
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Figure 2 Principle of IPMC electro actuated deformation
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Figure 3 Establishment method of hysteresis model
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Figure 4 Control method of EAP flexible actuator

Bafa il —AEdm A s A T Bk R ] A R
T BHE o — R 7 2R i b A% L R T LA
AN AR vy A, I HL PR 4 o 4% 58 B A AR 9 ) &
BEYE. Zhang Z5Y FEBEST P IR W AR R 15 45 A
IR YRR IR 8 Ao 5 M 2 PID Sz 5 45 ] 5 %)
UK i AT IR o A0 AR i R 48 2 AT SAR Y R
S R B PR A . Qiu 5 S U T B
Jrial A PRI A EAP L PEIK 3 &
AAAT LA B3R ¥ 106 #h % L 38 AT DAY R G2 i AT A
B R W DR R G AR E

L5 B RTIR 52 2% 1 I8 AR G AR ME A BT R O
FERY, SO R T EAP M 9K 3h & 78 56 br TR h
I o TE R R W58 7E R 7 B IR B S
PRI 2R LR T ey 7 235 4 1 B 3 H 5/
S IS A 2 R AR ) ) 2 2508 0 A Y B R A5 T
HEET,
3.2 FIRFFEIMERESTTE

TGS ity 3 D A ) 1 AN T A AT R
RO, 4 300 o 428 o) 4% IR i R e AT A

Zou %8 2R i v Preisach a8 W 5 1 A5 7L 44
AR B B AR N S FR G 38 A A ] S
A2 IR 2R 48 B SR R P . Liu &5 T
Backlash-like 1R fiif 52 284 , $H5 44 38 14 it 25 160 465 A A 1
hasRmMER G A BB RGERFEH b 4 &
TR RGN R BE . Jiang 255 36T o 28 I 4%
RN SCHUM ) 7 3 5 EAP IR 8l 2% 10 45 i 247 T 4
G, 38 A 1 5 9 A A AR R A 3 B o R Rk )N, B
FIRASE R B TIOR8 425 SRS B R 2 e

FURT X EAP S5 5 a4 I8 38 i 300+ £ 4 1l
D7 E B D, — SRS N D AE Sk UL 2% ok A



1 4] TR LY TR SR A W R R TR Sl b A AL A ) R R £ A <17

PR AR {HL S b O 35 AR R X AR 2 R 48 19 AR
TEPEBEAT 0. T | 2 R 2% AT R RE 5 A
JERRATTER EENE .

4 BEMEAWEMEEED MR
B 52

VAR K BESE N B R EAP BRI EAP 24
KB R IEAT T RN WO 58, i A 05 2B HLAS N 55
GURAF R T IZ R .
4.1 TFERENIATEEI A

Bl W5 AR il 7 2 8B U EAP 3K
Shas, EEAALE BRI S E ZE
BRIP4, 28 [ E AR K 2F Y Pei 0T BE R T
AR 3K 2 2% . IR BT IAE T —Fh oS 2 AT 5 A
MLES A Z LS AAE 5.5 KV IS R K L35 3h
JERTLAIAE] 13. 6 cm/s, AT S 1) {i A1) S5 A9 47 5
iagl), JB/R T EAP BKE &R 1E S 2 D Re 05 4 G 1
RIS, RULAS R R 2 ITE PR 3 T [ A
& EAP 38 8l &% 35 v il 1E T BLIK 2l B 5T 1 15 A= e
FIOLES N IZ AL 2 76 TR B £ Hb i b B R AT Ak
2.69 mm/s, 7E S BB A 3K 2. 33 mm/s, Li
SNV IET DE AN AR R L BE R T — Rl Dy A
MLas iz pLgR L fE 9.5 kV A 5 Hz M &1
AT IR B d A i S WU, BBE S 64 mm/s, ML
1 AE SCE T Az B Y A i, SR RE h g R T
KigHE T, Fidm JS AT DE Bl 7 — 3K
RIBLER 0 2 LA AR SRS i R 5 KV, 3R 3l 4
k0,75 Hz (2518 F AT 3k 21 55 £ U o 1B, U
A 37.2 mm/s. Z WL g B S5 R N PL s T -
N = 1 e Al T S )
HIET, Ab Al TR Luo 2V 3T DE Mok}, 6l
VET B I 9K gl 2 o 76 BL FE Al 133 T — Fh Bk R
LA AL TELE R 7 KV BHS S 30 NL Qi N
13.9 mm, fie KR A8 N 18. 57 %, Bk R & 2 m] 3k )
45 mm, ZERERALAS A B Bl 8% T 2 A RE G I N
60 s J5ARBILIBRER N 1E . MaRIE Tl K 2: 1

7 Gl R T T R P RS B D S iy R i
KMETTHLAR N 2SS o 5 kV I, JUHCE: &
FIFLH 1A 228. 3 mN, AN IE 5% 45 5 08 H N
0~6 kV SR N 20 Hz if, H €T HLAF A 1 3
A LLIKH] 26. 3 mm/s, 1% 3 PRI & S8 1 4F
HESHVE R IR S, g3 T EAP WK S0 45 4 WL T 77 1
MW FE B8 T Al
4.2 FEHMTEBANA

FE L 25 0K 4003, . 3¢ [ [ 58 0 K Ry 3l ok TPMC
KB R ETT T — 3K 25 (8] B 20 2%, e BR 20 2% ) X 28
Vi) 3 PP 8 5% K 3 A B AL T A R AT B TR Li
SENSPET — R AR SR S BN T LA A K L it
G5 K6 SR AR A T 3 25 R AR R I IR B # 25 M 4T 9 T
KT, Bt FROE L BB LT T B S A
AR & L %06 B2 i DE Hi/E R 2 B2l
TR 0. 65 g fie KA il A KT 607,
H AT EAP BB 58 0 38 4 40 2% B Bt 15
HOpRR B PEBE L 1S EAP A REE L 2 il K 40038 Y
RS AR 5 W . 7 B8 R 45, PR 2 AR O BB
HR ey E 20y 2 A B 58 R EAP A
B REME, X AT T — R 5T, SR %
SR T —FhOR A B8 19 DE R LSS A
IZEE KPR Re e Ak R L RB IS AR R Ok . AR B AR
SENCBE T — R T R A 4 5 Y X T i
AL BE L FE DE AR AR 53k 23000, 78 L L
9925 VOB, BN TR Y B & L & AT GA # 17. 06
m] . 1% E R DE BF 51 K HUE & i FH$2 it T
S (EEST IS AT, Kovacs 2517 32 F DE #
BEBTHRIAE T — 80 48 B E IR 9T AL IR IT AL AT
Bith 8.5 N W 4 X EEF K 0~6 mm. B
BEZ Ah . Lee S5 BF il 17 AT LA I 63 /0N i H7 428 4k
(2 P AL B s . Huang 260 81 7 I & i 56 35
iz 2 W A] 2 K R M AR SRR . IS R iR T
HLEY IR 2l e T Ak 5 A ik 4 T AR SR BB B Sk # H
TR AR AR B T SRR Y 2 2 X
EAP 3 gl 5 K W AT T 645 .

R 2 EAP YR& 0450 L A X

Table 2 Structure and application comparison of EAP drive

YR A S5 R N6
I8l A % BIK 3y 5 DE i 5878 i Hi 1T B B HLAR A ST A LA N A
Z BIL K5 &% - 7 B X 454 Wi g R s B 4 4
HEF I WK B A% DE 11 1% SRBRHLAS A IR B R A B
HETE BK 3l 8% Yo S T 1 o Ak K B % [ 2 RE b 4 2 45

BRI UK h 4%

i 78 AU 5 2l DE JE BERE 8k 5RE

K& I o




.18 - [T S S R 2023 4F
N PR B L
5 GFhEEEMRE .
EAP % fEbH R AT T BH 6 R r et B E T
[1] Rahman, M. H.; Werth, H. ; Goldman, A. ; Hi-

JEE R B A B HIL R RE 2 AL A 78 O A LA N 2
DU EAT TR AR AR E SR RE AR T
HH B TR L I AT IS i R G A R L 1 A
R B BIF 50 S8R IR 458 B A S 5 A T AN REAE
SEPRA AR R AR BN . Ll Rk BB 5T T )
FE N EAP BB RE IR 3 4% 45 1 it EAP
FHRHE B EAP 3R 3 4% 45 6 L K 5K 3l 4% 0 A5
Ji

MOBHERE I, T8 EAP fEHLY T 19 IB AR
IR T EAP A RE B 4 3808 L BE TN B BT I TR
fe i T8 EAP AE B 0K BT O IRA
MBS s B 1 EAP 7EH 3 T BB A2 4 K P g
PR A R A I o R R B T2 RSN B
TN T 5 5 A TR ) 2 B g | R R B T
SEREATECE , DO B T A A AU AR . IR
eSS RV 7 T % 5K By a8 24l HE AT U0 AL 1 H
R K L TR I RE RS BAT 22 D ek AR E A L (E
1R Bh e 75 25 T AR BRI ARl 3k B U0 8OR

TE EAP MR T F A Y OF 52 45 P8 7 52
W By B G kb A A0 S DB ORI B N )
S5 ) KPS TR 4 fE A A R A S PR ) AR R G ik
NER VA3 IR S e O VAP o I N B O o -
G FR ATl 3B AR Y L A I A SRS B Y
A A A AR

12 EAP BK 8l 45 12 1 J7 100 38 i 0 b 22 45 il
Hh 5 TR B2 R T 0 A TR A S Y o A L AT
FEN GRS A A% (IR il R L AT IR AR ST i 5
JHORS B0 S 45 4 g B 3 530 0 /N B 2 N A7 24 3 5
s 1l 1% 2l 2R T A Y A 3 T A % ) A A
D7k O R TR IR R, N B BT
DL REFE T 28 4807 15 18 51 A 2 EAP 9K 3h 2 4 il
R, DA R S B 28 G0 A 200 TT A HE A 2 i

P HE AL s AT T B 3K Bh A B T B
/N R B A OR AR 2R 2 KB d AT
FR I IR I, Xl S A R 47 A ) EE i O A
171 3 BT AR R VR L BRI T EAP S BK ) 2%
MOREH . 784 IR BT 5T s AN 02 X BUAT 1) 45 4
VT AT o R Ak, 38 B T3 M 5 A ) e
o B2 755 UK 2l i 1Y A0 AR 0 2 HIL A N B B S5O B
PR AL I S S A P A A H S & TR
IR 0 7 A BIL A N3z Sl AR S B R ik — AP 4R

(2]

£3]

[4]

[5]

L6]

L7]

[8]

L9]

[10]

[11]

(12]

[13]

[14]

da, Y.; Diesner, C.; Lane, L.; Menezes, P. L.
Recent progress on electroactive polymers: synthe-
sis, properties and applications. Ceramics, 2021, 4
(3), 516-541.

EEE, BlAd, BRRH, sk AR, 05 A dLds A BT
FIRG KRR, MR TR FHR, 2015, 51(13),
27-44.

AR, XOPR R, B T PR 2R A W B3l 45 HL B i i
HEWFIE. B ek, 2018, 39(12), 22-25.
2L, X, BIEER S YRR B S .
KAk T, 2019, 39(2), 22-26.

R, SR, B R, BRI, AR R
AW ARG R, AARHE TR, 2020, (7),
146-156.

JAIEEE, XPE, S =k A i BV K R I ST
# 4 F ik, 2018, (10), 10-18.

FEW, HEIR, ke, BUEE, R, JRF R
BT v P A IR ) 2% 09 BRI P AR N R BB
. R e S m A, 2020, 37(4), 871-880.
Liu, L. P.; Huang, Y. F.; Zhang, Y. H.; Alla-
hyarov, E.; Zhang, Z. B.; Lv, F. Z.; Zhu, L.
Understanding reversible Maxwellian electroactu-
ation in a 3M VHB dielectric elastomer with pres-
train. Polymer, 2018, 144, 150-158.

WHn, FAY, KRB, HAAKR. i85 d Al
R R G YIS A M R, 2 5 %k,
2016, 38(1), 19-23.

XISEak, 2, B, FEE, XNEH, v
. FL I A L B R A A R S 8 ARG M B Y
JE. P EAF. FHAAFE, 2015, 45(5), 450-463.
Kumar, A.; Patra, K. Proposal of a generic con-
stitutive model for deformation-dependent dielectric
constant of dielectric elastomers. Eng. Sci. Tech-
nol. Int. J., 2021, 24(6), 1347-1360.

Jiles. D. C.; Atherton, D. L.
magnetic hysteresis Cinvited). J. Appl. Phys. .
1984, 55(6), 2115-2120.

Raghunathan, A.; Melikhov, Y. ; Snyder, J. E.;

Jiles, D. C. Modeling the temperature dependence

Theory of ferro-

of hysteresis based on Jiles-Atherton theory. IEEE
Trans. Magn., 2009, 45(10), 3954-3957.

Jiles, D. C.; Atherton, D. L.
magnetic hysteresis Cinvited). J. Appl. Phys. ,
1986,61(1-2),48-60.

Theory of ferro-



1 4]

R LI R W S PR RE R S AR B R R S T £ i

« 19 .

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Oh, J.; Bernstein, D. S. Semilinear Duhem model
for rate-independent and rate-dependent hysteresis.
IEEE Trans. Autom. Control , 2005, 50(5), 631-
645.

Coleman, B. D.; Hodgdon, M. L. On a class of
constitutive relations for ferromagnetic hysteresis.
Arch. Rational Mech. Anal., 1987, 99(4), 375-
396.

Wen, Y. K. Method for random vibration of hys-
teretic systems. J. Engrg. Mech. Div., 1976,
102(2), 249-263.

Wang, Z. Y. ; Zhang, Z. ; Mao, J. Q. ; Zhou, K.
M. A Hammerstein-based model for rate-dependent
hysteresis in piezoelectric actuator. 2012 24™ Chi-
nese Control and Decision Conference (CCDC),
Taiyuan, China, 2012, 1391-1396.

Preisach, F. Uber die magnetische nachwirkung.
Z. Physik, 1935, 94(5), 277-302.

Mayergoyz, 1. Mathematical models of hysteresis.
IEEE Trans. Magn. , 1986, 22(5), 603-608.
ek, BERRD). EWHE, KB, Jrigsc. —fb
WU#E Preisach BEARIBE LB k. 2o 5 5 5k,
2014, 36(2), 255-259.

Hu., H.; Ben Mrad. R. On the classical Preisach
model for hysteresis in piezoceramic actuators.
Mechatronics, 2003, 13(2), 85-94.

Banks, H. T.; Kurdila, A. J.; Webb, G. Identi-
fication of hysteretic control influence operators re-
presenting smart actuators part 1. formulation.
Math. Probl. Eng., 1997, 3(4), 287-328.

AR BIRE, XIS, SRER, BEIEE, M ET
BB Y Hammerstein-like 15 89 X 8 7% 2 (4 45 1F
s S L R 5k &, 2013, 32(15),
184-189.

Ma, Y. H.; Mao, J. Q. On modeling and track-
ing control for a smart structure with stress-de-
pendent hysteresis nonlinearity. Acta Autom.
Sin. , 2010, 36(11), 1611-1619.

Sutor, A.; Rupitsch, S. J.; Bi. S. S.; Lerch, R.
A modified Preisach hysteresis operator for the
modeling of temperature dependent magnetic mate-
rial behavior. J. Appl. Phys., 2011, 109(7),
07D338.

Zou, J.; Gu, G. Y.; Zhu, L. M. Open-loop con-
trol of creep and vibration in dielectric elastomer ac-
tuators with phenomenological IEEE/
ASME Trans. Mechatron. , 2017, 22(1), 51-58.

Zhang, J. S.; Ru, J.; Chen, H. L.; Li, D. C.;

models.

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

Lu, J. Viscoelastic creep and relaxation of dielectric
elastomers characterized by a Kelvin-Voigt-Maxwell
model. Appl. Phys. Lett., 2017, 110 (4),
044104.

Rizzello, G.; Naso, D.; York, A.; Seelecke, S.
Modeling, identification, and control of a dielectric
electro-active polymer positioning system. IEEE
Trans. Control Syst. Technol., 2015, 23 (2),
632-643.

Aljanaideh, O. ; Janaideh, M. A.; Rakheja, S.;
Su, C. Y. Compensation of rate-dependent hyster-
esis nonlinearities in a magnetostrictive actuator
using an inverse Prandtl-Ishlinskii model. Smart
Mater. Struct., 2013, 22(2), 025027,

430, DEAP 22 1% 07 4 5K 3l £ 1Y st 8 5 42 il AF
5. W FEILKE, 2016.

Zhang, X. L.; Tan, Y. H.; Su, M. Y.; Xie, Y.
Q. Neural networks based identification and com-
pensation of rate-dependent hysteresis in piezoelec-
tric actuators. Phys. B Condens. Matter, 2010,
405(12), 2687-2693.

Qiu, D. H. Adaptive RBF neural network sliding
mode control for a DEAP linear actuator. Int. J.
Perform. Eng., 2017,13(4),400-408.

Zou, X. T.; Luo, J.; Cao, C. Y. Adaptive con-
trol for uncertain hysteretic systems. J. Dyn.
Syst. Meas. Control, 2014, 136(1), 011011,
Liu, L. ; Wang, Z. S.; Shen, Z. W. Neural-net-
work-based adaptive dynamic surface control for
MIMO systems with unknown hysteresis. 2014
IEEE Symposium on Adaptive Dynamic Program-
ming and Reinforcement Learning (ADPRL), Or-
lando, FL, USA, 2015, 1-6.

Network, N. ; Jiang, Z. G.; Wang, Q. L.; Li,
Y. Generalized predictive control of DEAP actuator
based on RBF. 2017 11™ Asian Control Conference
(ASCC), Gold Coast, QLD, Australia, 2018,
1632-1637.

Pei, Q. B.; Rosenthal, M. ; Stanford, S.; Prahl-
ad, H.; Pelrine, R. Multiple-degrees-of-freedom
electroelastomer roll actuators. Smart Mater.
Struct. , 2004, 13(5), N86-N92.

. T A A EAP /) M i & 3 Bl 3 A 5T,
MW A EMREMR K, 2017,

Li, T. F.; Li, G. R.; Liang, Y. M. ; Cheng, T.
Y. ; Dai, J.; Yang, X. X.; Liu, B. Y. ; Zeng, Z.
D.; Huang, Z. L.; Luo., Y. W.; Xie, T.; Yang.

W. Fast-moving soft electronic fish. Sci. Adwv. .



20 . e

2 R 1 ¢

2023 4

[40]

[41]

[42]

[43]

[44]

2017, 3(4), €l1602045.

Shintake, J.; Cacucciolo, V.; Shea, H.; Flo-

reano, D. Soft biomimetic fish robot made of die-
lectric elastomer actuators. Soft Robot. . 2018, 5
(4), 466-474.

Luo, B.; Li. B. Y.5 Yu, Y.;5 Yu, M.; Ma, J.
Q.; Yang, W. M. ; Wang, P. F.; Jiao, Z. W. A
jumping robot driven by a dielectric elastomer actu-
ator. Appl. Sci.» 2020, 10(7), 2241.

A4 0. A F TP (AR B 5 TR ER R B2 N SRR A
GBS, b RiE . 5 RE Tk XS, 2020.
Li, J. Z.; Ma, W. J.; Song, L.; Niu, Z. Q.;
Cai, L. ; Zeng, Q. S.; Zhang, X. X.; Dong, H.
B.; Zhao, D.; Zhou, W. Y.; Xie, S. S. Super-
fast-response and ultrahigh-power-density electro-
mechanical actuators based on hierarchal carbon
nanotube electrodes and chitosan. Nano Lett. ,
2011, 11(11), 4636-4641.

Araromi, O. A.; Gavrilovich, L ; Shintake, J.;
Rosset, S.; Richard. M. ; Gass, V.; Shea, H.
R. Rollable multisegment dielectric elastomer mini-
mum energy structures for a deployable microsatel-

lite gripper. IEEE/ASME Trans.
2015, 20(1), 438-446.

Mechatron. ,

[45]

[46]

[47]

[48]

[49]

[50]

SRS, AR, WA, PRORIF. WK, AR
20, REWIER, R, HT A A I R 1 e
KM BN ERE. Ea L F k. 2019, 41(5),
733-739.

BT, BRih, AL, BFEN, B —Fhdk
TABMEEET YRR E. Evl Bk,
2020, 42(2), 248-251.

Kovacs, G. ; Diring, L. ; Michel, S.; Terrasi, G.
Stacked dielectric elastomer actuator for tensile
force transmission. Sens. Actuat. A Phys. , 2009,
155(2), 299-307.

Lee, B. Y.; Kim, J.; Kim, H.; Kim, C.; Lee,
S. D. Low-cost flexible pressure sensor based on
dielectric elastomer film with micro-pores. Sens.
Actuat. A Phys. ., 2016, 240, 103-109.

Huang, B.; Li, M. Y.; Mei, T.; McCoul, D.;
Qin, S. H.; Zhao, Z. F.; Zhao, J. W. Wearable
stretch sensors for motion measurement of the
wrist joint based on dielectric elastomers. Sensors
(Basel), 2017, 17(12), 2708.

Wiranata, A.; Maeda, S. A deformable linear die-
Key Eng. Mater. ,

lectric elastomer actuator.

2021, 884, 430-436.





