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3 Al 4 BUEZ R SEU SRV SR,
X LA AS SRR $82 05 125 W9 A S e AT HE A . 1 4 ()
Hhoa] I S L B BR S B A RS S A L il £k
FOAN AR, L 25 R B o e 25 A ]
A, =4 9254 M A< 5 5 PRI/, 5 o S0 A
AHI AR INTEL 4 (e ) Bz, 33 0 5 R 4 8 4 17 A2
S ALRFE.



G M B A ARSI T A B A BRI BEATLIA 137 20 BT 253

™
553 3
4
J =50, s=09  —Numerical Result
" 4 A MCS of Eq(1)
3t
<
<
N
ES
1k
0 i 1 -
36 39 42 45 4849254 5]

A

(a) MG LE AL AS A2 3 )5
(a)Stationary marginal probability density of
the stretch ratio

—— Numerical Result
& MCS of Eq(1)

J,=50,570.9

0.

di/di

dide

(b) MG LEAR b A (K B A 4
(b) Stationary marginal probability density of
the change rate of the stretch ratio

| J,=50,5=0.9

dude

3.0 35 4.0 4.5 5.0
p !

(c) WINFEATIANI
(c) Phase chart of response sample

4 FRGREAR N
(SHOBHE: ¢=0.01,5,=0.1,5,=0.2,J, =50,D=0.01)
Fig.4 Stationary response of the system

(Parameter values: ¢=0.01,s, =0.1,s,=0.2,J,=50,D=0.01)

eI SRR B (E
KIS EL RIS . [ 6 45 T i ey
(ECRIES J5 (e Rl REALIRR 55 2 1R A8 A, ARl ¢
PR XA AN X 5 (EL A Bt 5 il 5 2 A9 39 v
G ERIEAE M EE o 1 R AR 30, K FE Y 21
FURFAP A LEEER. K FE SR B AR 2 2
T WZEACUNTE 7 P AR B S8 6 R 2 5 (R AT Bl
EMRESET, BB, 75X 28 2 OB Y
THOUR BRI M L | iR, 25 T, >,
Gent # 7 f7j {7 neo-Hookean #E71 M| 7 vl A
PIE AR ST R AE J, — o0 I S5 T neo-
Hookean AT )25 R, #2514 (9 S LU L 2 Bl
FEREZHL T, B3GR N e s TR E. s e

N AERBEAT A HE o 1 BRI FE i 3
{EHEH S A LR, 1818 40 TP EL I E
IR T7 (R & R AE A P 2. i 1 A
(A A A 2R, SO TR A4 44
SR, R PR A Yl £, BT LLIE 8 () Al
(b)Y ordlss i 7, =5 M J, =50 f5JE. 5 J, =5
I AT R BRI B AR G, K LE I {E
P57 (B B AP A I LU AR Bt PR (L A 384 0
T o LA A3 5 Bt 3 FL P A o a8 s
BB/, 2 F s PSR IS, BRI A L 0 ME 3R 5 EE
AR YE, R FE R T R Ag s A 5 k. A 1
Hn] & A s R P B DO R, i 2
Vi LI PR /N BRIREAE i e o LRI IR 30

J,=5,5=0.1,5702 i
106 |
E[2] 111
105 |
Kg- W o)
= 1.08 %
& 104
{1.05
103 i

F6 M LEIME 477 B TS T I L B il otk B2 A9 72k
(SHBUHE: ¢=0.01,5,=0.1,5,=0.2,], =5)
Fig. 6  Variations of the mean value and mean-square value of
the stretch ratio and the static equilibrium stretch ratio with
the change of excitation intensity

(Parameter values: ¢=0.01,s, =0.1,5,=0.2,J, =5)

1.040 1.070
1.038 | Py
neo-Hookean '
1.036 -
1.066
T
<1034t o
= 1.064 &
Moo}
1.030 F Loee
1.028 Lo L 1.060

m

BT e B IR 5 B TS IR K LB AR S B 2
(SBWUE: ¢=0.01,s,=0.1,5,=0.2,D=0.01)
Fig.7 Variations of the mean value and mean-square value of
the stretch ratio and the static equilibrium stretch ratio with
the change of material parameter

(Parameter values: ¢=0.01,s, =0.1,s,=0.2,D=0.01)



254 B %5

EC I

2017 4E45 15 3%

20
3.0
181
25
161 2.0
<7 &
-t 15,
S o14F m
Mm
1.0
12F
{0
1.0 0.0
. 1.08
roaf 7,750 B[7]
<& 1.0563
= 102 ) =)
= E[4] 1.02
1.00 .
0.00 0.05 0.10 0.15 020 0.25

o 7% 1o
<" 4.90 o e
N I St £
o 485

4.80

(b)J, =50

B8 AR LR 3507 (LRI S A i I LB (B A 2 1
(SHHUE: ¢=0.01,s,=0.1,5,=0.2,D=0.01)
Fig.8 Variations of the mean value and mean-square value of the stretch
ratio and the static equilibrium stretch ratio with the change of voltage

( Parameter values: ¢=0.01,s, =0.1,D=0.01)

1717 24 L AR I, 1 B AR i A R, BRIEAE A1 R
e FRBLAHBT 4R 3. MIEL 8 (a) Hhad W% 2 7 L e
/NI BR AL EE N 1 B IR BH I, {1 L
SN e L LN - NTTE LV iN N IE S
BRI FRBE R S, (< L R P4 e i s
B B 2N 24 T, =50 I, 2 ER{E/NVT 0. 2571
s LR {ER T 0. 8775 I BRIBUZ AR RS, M L
PMEL T (6 S 2P B LR A P s fEL )
S, Her L B /N T 0. 2571 i BRAEAE
R W o T 7 e IR RN R b N e R LR (IR A
FER, ML T 0. 8775, FE R RHALAH A FRF 322
PR3l , I HE A R L P A A I L2

4 #Fit

ARSCHFGE 147 L B R BRI A BE R 0 7, G
SV A RE A TR R T B 1 3k 1V A2 9 AL 1) Gent 45
B, sz BIREHLIL B i B 1 SR IR . 5T ARG
REFE AR S A AL 4 W FH B HILF- 24995 mTAfE S H 42
AYLRE R RS S MR L A9 R AL FPK J7 R, JF

PG 205 RE A , AT A] LA SRR b S AR
PRI 5 R, T ] B3R L W) 7 19 10 2
BRI o A B gt BB SR SR As R
FUBRUE T AR SO R TT 1 I A 8PN E R 1. 3 e
WHE RGN TR IE , 32204 MRl ML 7 (4 PR 30,
— IR BRI EE N 1 B8l , o — A Bk
FERA RN BR BRI 3l , HLIS —Fh A T Bk
RN AR iR A SN 3R B A S RO R (DR i
KA R FEME 5512 [ B A4 L 2 JOR A
FfEL 5 | AN [ B iR sl = i B X (E A T (D
BEE X =SSR SE I E 0. BRBEAE AR L 1
BT PRBh I, AR 2 R0 T I055 , K LS (E A
YT {E 4T neo-Hookean FEHYFY 25 5. BRIFEAE A
FEoh 1 BRI AR B, A e A R0 e i 2 A i I
FUEER, SRR A AL A5 FR R 3 U Bl ek i
FU A A E BE i AP i L)

2 £ X W

Pelrine R, Kornbluh R, Pei Q, et al. High-speed electri-
cally actuated elastomers with strain greater than 100% .
Science , 2000,287 (5454 ) 836 ~ 839

2 O’Halloran A, O'Malley F, McHugh P. A review on die-
lectric elastomer actuators, technology, applications, and
challenges. Journal of Applied Physics, 2008,104 (7).
071101

3 Suo G. Theory of dielectric elastomers. Acta Mechanica
Solida Sinica, 2010,23(6) :549 ~578

4 Brochu P, Pei Q. Advances in dielectric elastomers for
actuators and artificial muscles. Macromolecular Rapid
Communications, 2010,31(1) ;10 ~36

5 McKay T, O'Brien B, Calius E, et al. An integrated,
self-priming dielectric elastomer generator. Applied Phys-
ics Letters, 2010,97(6) :062911

6 Zhu J, Cai S Q, Suo Z G. Nonlinear oscillation of a die-
lectric elastomer balloon. Polymer International, 2010,59
(3):378 ~383

7 Zhu J, Cai S Q, Suo Z G. Resonant behavior of a mem-
brane of a dielectric elastomer. International Journal of
Solids and Structures, 2010,47(24) :3254 ~ 3262

8 Son S, Goulbourne N C. Dynamic response of tubular di-
electric elastomer transducers. [International Journal of
Solids and Structures, 2010,47(20) :2672 ~2679

9 LiTF, QuS X, Yang W. Electromechanical and dy-

namic analyses of tunable dielectric elastomer resonator.



%53 1] G M AE RIS T A r S PR e BEATL 0 23 A 255

International Journal of Solids and Structures, 2012 ,49 15 Fox J W, Goulbourne N C. Electric field-induced surface

(26) :3754 ~3761 transformations and experimental dynamic characteristics

10 Xu B X, Mueller R, Theis A, et al. Dynamic analysis of of dielectric elastomer membranes. Journal of the Me-
dielectric elastomer actuators. Applied Physics Letters , chanics and Physics of Solids, 2009,57(8) ;1417 ~ 1435
2012,100(11) ;112903 16 Jin X L, Huang Z L. Random response of dielectric elas-

11 Mockensturm E M, Goulbourne N. Dynamic response of tomer balloon to electrical or mechanical perturbation.
dielectric elastomers. [International Journal of Non-Linear Journal of Intelligent Material Systems and Structures,
Mechanics, 2006,41(3) :388 ~395 2017,28(2) :195 ~203

12 Yong H D, He X Z, Zhou Y H. Dynamics of a thick- 17 Jin X L, Wang Y, Chen M Z Q, et al. Response analysis
walled dielectric elastomer spherical shell. International of dielectric elastomer spherical membrane to harmonic
Journal of Engineering Science, 2011,49(8) :792 ~ 800 voltage and random pressure. Smart Materials and Struc-

13 Sheng J J, Chen H L, Li B, et al. Nonlinear dynamic tures, 2017,26(3) :035063
characteristics of a dielectric elastomer membrane under- 18 Cai G Q. Random vibration of nonlinear-system under
going in-plane deformation. Smart Materials and Struc- nonwhite excitations. Journal of Engineering Mechanics-
tures, 2014,23(4) :045010 ASCE, 1995,121(5) :633 ~639.

14 Fox ] W, Goulbourne N C. On the dynamic electrome- 19 Rfikk. FENLIRZL. Lt B H ek, 1998 (Zhu W
chanical loading of dielectric elastomer membranes. Jour- Q. Random vibration. Beijing: Science Press, 1998 (in
nal of the Mechanics and Physics of Solids, 2008 ,56(8) . Chinese) )

2669 ~2686

RANDOM RESPONSE OF DIELECTRIC ELASTOMER
BALLOON SUBJECTED TO DISTURBED PRESSURE"

Jin Xiaoling'>  Wang Yong'? Huang Zhilong'*'
(1. Department of Engineering Mechanics, Zhejiang University, Hangzhou, China)
(2. Key Laboratory of Soft Machines and Smart Devices of Zhejiang Province, Hangzhou, China)
Y Yo jrang 8

Abstract The random response of dielectric elastomer balloon subjected to random pressure and constant voltage
is investigated, where the mechanical property is described by Gent model in order to consider the strain-stiffe-
ning effect of the dielectric elastomer, and the random pressure is described by Gaussian white noise. By introdu-
cing the energy-dependent transformation and using the stochastic averaging, the reduced Fokker-Planck-Kolmog-
orov equation governing the stationary probability density of the system total energy is derived, which can be ana-
lytically solved. The marginal probability densities of the stretch ratio and its change ratio are then calculated, as
well as the mean value and the mean-square value of the stretch ratio. Two typical cases are investigated in de-
tail, i. e. , one is with the stretch ratio of balloon vibrating of around 1 and the other is that around the extension
limit. The influences of the random excitation intensity, material parameter and the constant voltage on the statis-
tics of the stretch ratio are discussed in detail. Different values of the material parameter and the constant voltage
can cause completely different random vibration behaviors. The efficacy and accuracy of the proposed procedure

are eventually verified by comparing with the results from Monte Carlo simulation.

Key words dielectric elastomer, balloon, stochastic averaging, random response
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