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Development of Electrostrictive Polymer Actuators for Active Control of Turbulence
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Department of Mechanical Engineering, The University of Tokyo, Tokyo 113-8656, Japan

A deformable electrostrictive actuator of Smm in diameter was developed for active control of turbulence. It is found that static and
dynamic responses were improved by applying some back pressure to the actuator diaphragm. Vertical displacement of about 0.2 mm
was obtained at the first resonance frequency of about 400 Hz. It is estimated that an actuator of 1 mm in diameter would achieve 0.2

mm displacement with a frequency response flat up to 1kHz.

1. oA

HREBLOFNICESBERKOT 7 71 THlEE, #-
WL, LR RN & DREE - i - Xy — Ul e AL
T, MERoEmseEt, BYRk, ML, BEEEEEZXD
FOOBEELERBETHS. BN TH, BELRIIDONT
i EEEES 22l —Ya itk T4 — BNy JHIEO
HENTTHRN, BWHRZFOIEARENTND .

T4 — BNy ZEEOEBRIZE, oY, T Fa1 -,
AL hO—SD3DDEEOEREE, INS5EVATALLEL
THETHIEMBEERSE. BIZ, 77Fa2T—FIDO0W
T3, SHE - AR I ER 85 D HERL R O FF DRF 22 A
Uiz L ThENWT &, 77 FaT—FEERN K
N L, BEBEBICRLTanNA R THBH I E, BHEILR
NE—ARINT &, RENERINS. <1702 0
BTRL—RNICHNONA T 7 Far—YIdHER NI
WEBDOTH BN, BRAVNE L, HERREERENLER
ZEMS, EHEICIEES R, e, M 0O7T
MTEHEX N TFNA A AEMIERHAO 2 RThiE T
BB, BRICH U THEBEZMAS-DOBEL L TR
AEMOTRBLEERD.

SHFTIC, RkFEEsEELZI 07/ FaT—5F L
LT, EEFTF, BRH, ZBREYREMRREEINTY
M, BRIV, HEBIRILF—NRENREOHRED
%<, PROBEREBEZ IR THET TV F 215 DEME
BN STV, B, Pelrine 5 %101, H&EOH
BICIEWER 2D 7 7 F 21— LT, ZREOE W
BEEPBECRAFE LT OHHMOBERII TV Fa
IT— %ML BEIium% 2 0 BIoVORBESLET
FHH00, ) aA—2TLERWET 7 F 2T —5 T
10% BL EDERE IkHz L O BEWEREZE, 77 U LS
EHWEBETIZI00 U LEOEANBOND I LEERLT
W2, ZOTIFaT—FiE, U TOoEAEREELL
HOEEREED TV FaI—FTHY, TRV F—HER
MBS W EOBN-REERD.

AR T, DNSIZ & 0 EWHIEZ R MR TN, REIC
HLTONZ M THD, BELBHILDEFRHAL, BERY
T —EEEEBE LTV F oI —5 OilE SRR
Fof. Bz, ZE5oM 74— BNy 7HBOEREEET
BF v Z)VELFEME (F v =IVES0mm, /N)L T FE N E
7.5m/s) DFRNEHETIE, 77 Fa2ILT—FDAKES Imm, B
BE A AN 02mm, BERRE T300HzMERE N, T4
LAESIFITEET VF 2T —INBUERRETH 2O %
T-7=.

2. BERYI -7/ FaI—-9DEELEONERE
Fig. WCEER) =7 7 F T4 OBEFEZRT. R
U —BAMERET, RS EE THEEN (Fig 1(), BEAHIE]
N5 EEBEOBES NICX OBEARICER SN, FH
HENCHET 5 (Fig. 1(b)). ZOF, BICRAET 2EEH IS
HoldRATHEEINDLDICERO 2 TIZLLHT S,

0 = g,eE’ (1

ZIT, &, £, EXFNFN, EEOFER, LFER &
BREIOBRTHD. ->T, REREREEDITIEERA
AN ATRERS BRI O R E WHEIE VWD LENH .

AWFFETIE, Fig 2108 T& DI, ABF vy ET ¢ LIZHE
BT —EEREL, BOMEEEERGHOEMICERT
LREERT VForT—FERFLE. ZOBETIE, 8E
PREETHIUIHEIZ EHIC, AETHIUITHICERL, B
HEBHFEEROD I ENTES.

BERYT—ELTIE, SoumBEDT ) -2 TL(EL -
Frya—=—2 43 a—2 (k) B, SE9188, MGk ®E
30V/um) EAWE. £z, RKERELTE, SEEET—
R TI9INRIFT—(F14A> k) B, ryFz>T I
7 EC) ZEOBEICR D DIz, BMOBEREIL Smm TH5.

3. BERII—7 O F 1T —4DOFEFE

Fig. 3IC PHERE L TITo L EE6mmOY 7 Fa I —F
OEfEERT. BEEHRICHOMmOKERNEL DT &
MBREINS.

Fig. 4127 7 F 2 T— % ORMEFEIC AN EREE ZE R

Silicone Sheet
Bl o (80um-thickness)
] P elctrosmcnve Carbon Powder Electrodes
Flexible Electrodes oltymer (on top ang bottom surfaces)
(on top and bottom surfaces) ¢

(b) Voltage ON (b) Voltage ON
Fig.1 Principle of electrostrictive ~ Fig. 2 Wall deformable
polymer actuator actuator
E
6mm v ~ 6mm
I f i
(a) Voltage OFF (b) Voltage ON

Fig.3 Close-up view of electrostrictive wall-deformable actuator
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experiment data:-#-7.0*10Pa,——2.9%10°Pa,~&1.1¥10°Pa, -#~3.1*10°Pa
calculated circular plate:— -7.0*10Pa,— 2.9%10°Pa,— -1.1*10°Pa,-----3.1*10°Pa

Fig. 5 Deformation of actuator depending on back pressure
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Fig. 6 Static response of actuator
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Fig. 7 Dynamic response of actuator
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