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N#ZxE G2 5 2 L TR I 74»A%%®§%@mﬂ%%$&ﬁéiﬁf%
5. AW TITEEMEE SO THIRA pH S 35V TEE 72 BEE) 25 7l g
H Y, AR+ E WA Y B v — L (Polypyrrole, PPy) (2L V7 7 F 2
—ZEERLZ. RY Ea— L dRBO0 7 4 VAREETEAS SN, T OBEITEMR
AR 21T O ReITARAET 2. EFHEM, ﬁﬁﬁﬁkiw%%$ﬁi%h%h%
Z UMW, AelBLUSEE W, Ea—APy)EE/ ~v—& L, XEERE
N§7;/~wxw$y%(W&p%%?f%»?y%:vALU7»¢m}&/
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3 K (TBATFSI) BL O RF IR ¥ 2Lk B (DBS) Z -,

ﬁ%yyaﬁWN/x&ykKiOW%ﬁﬁ(wm‘f%é%&fw_m%ﬁ%
g . WEIZHWD F & IR M EMIZ M 2WE > L EICEMRES 21T . £,
T IHefx T — 7 TRV, BIREOSE Z 720 KRR kbfﬁﬁ%ﬁw ZDHIJEIT
NI —ARNEEINDEHICEHBET S, EMESEZITORNCL, AW, #HiR
BLOTFHZ AT AR LBEERTERERIC I 0 5EE L, H*ﬂ% TAREIKITIR L
%h ECHERGFEZITH. WEICHA INZEEMESES 1L, 7% ORI HRS

ICHEASINZARY Bae—/L (PPy) ZHIDE L L, ZmICEAS I T 4 VAR
D PPy % J1 v B —TF A 770 E&EH L CEMKD O HNT.

WE : Ti plate Potentio/galvanostat
RE : Ag wire

CE : Ptplate

[ PPy
DBS, PPS, TBATFS or TBATFSI

N~

Fig. 2.1 Experimental system for electropolimalization
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BT OMEIIRELS BT L. BRI e — WY 7 v TV Fax—H|ZHA
R AT S, R B r— A pH S COM AN ARETH D, 6T, 1E
ENDY T NT I Faz—Z IR T 4 LV AARTH Y, B 7258 45 T
HD. LoT, AMREOKKEETHL~A 7 e Ry T~OIGHICbLRETHD &
EzbND.
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Fig. 2.2 A conducting polymer (Polypyrrole)
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%ﬁm%m&mh BWT, 724 VEEEIIT =4 DN F—7F5Z Lick

A L, w%ﬁ/%%%iw%ﬁ/@MF TTAHZ LI Lo TET S, =D
F% BRALFEIRLIRIEI XA F A B E i~ L JRth 3%, —J5, EIohkezix
7= ﬁ/%%E®&%k;Uﬁ%ﬁ/%%E@ﬂﬁ ;@,7:¢VW%Emme
5. 5T, 2 BOMAEER OMAE ORI , Bl - BT W
iz wT%EE%L&m@LTk%ﬁﬁ%%ﬁﬁ_kﬁﬁ%hfw

T URRENE (PPy PPS) 1:9‘7]?&%? (PPy.DBS)

ox1dat10n ox1dat10n
—
—
o reducatlon reducatlon
o
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@ cation (BB1#4>)

b

!

Fig. 2.3 Mechanism of bimorph structure
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% ZhFhkidihds X OWedhic 72 74k U= B - BAL iR CV it £ 7z13v1 7
Uy ZRNVEETTIVFHT 5. 20X 5 hEEZ—BREICALE A Y —
& XS CV iR AE 24 128 T

RN H AN =232 I FIERGLE L TV D BNA NI EE O 5| 240147
VY, TOBROERAEEZ D iEE AW, BALEEHEEIL 10 [mV/isec] THD.
CV g6, Zovr—7E0bESILFHRIL - EUIREEZMD Z ENFEETH
5. K24 O%A, 01 [VIFHTIZBW TESILFIBIL AR KITEZ Y, -0.8 [V]
HEIZB W TERIEFECRIETH 5 Z L3 b05s.

0sSf

Current [mA]
[—}
| |

]
=]
[9,}

-0.8 -0.4 0 0.4 0.8
Voltage [V]

-1

Fig. 2.4 Cyclic voltammetry of conducting polymer soft actuator
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Fig. 3.1 Polypyrrole actuator model. The model shows charge-induced strain as a
contractile element in the left-hand branch of a standard linear solid viscoelastic
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Fig. 5.1.1 Cyclic voltammetry and flexion angle of bimorph structure conducting
polymer soft actuator

34



5.2 EAEM & L EMEE DB

4 5.2 ([ HEI R 2 G2 126 & 5 ARV E DA, BTG E B ol
B+ Y 7 b7 7 Faxz— 2 OENEMNE L i/ ORRE R Al L O
e L E N ZIEAER BB L OEA 2T AO@BLUHF W @ITThENE
HEEN R 2 5 220G ER LG 2 556 27T,

JEHET R 2 525 2 & THEABMELH - OIS R5b00,
NN & & A ORIITEPIBERA RN, £, MR 2522556852
WG E THE N Z L7 DD, BRI OEGIC L HEAEMEOTI GRS
O ThLHEEZALND.

0.05
0.04 |

0.03
0.02 |
0.01F

0
—0.01 f

Flexion angle [rad.]

—0.02

—0.03 f . .
® Reinless deformation

-0.04 ® Restained deformation

_0.05 2 2 ] 2 2
-30 -20 -10 0 10 20 30

Electric Charge [C]
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Fig.6.1 Driving mechanism of conducting polymer soft actuators which are cation

driven layer and anion driven layer
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Fig. 6.1.1 Relation between electric charge and flexion angle of PPy.DBS/PPy.TFSI
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Fig. 7.1.1.1 Preparation for opening closing movemnt conducting polymer soft
actuator
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Anion layer

B Cation layer

|
B ———
— —
I [
Reduced state Oxidized state Reduced state Oxidized state
(a) Cation-driven layer (b) Anion-driven layer

Fig. 7.1.1.2 Cation-driven layer and anion-driven layer arranged in face-to-face
relation

“‘\
/

—_—
s

Reduced state Oxidized state

(a) Cation-driven layer arranged in face-to-face

Reduced state Oxidized state

(b) Anion-driven layer arranged in face-to-face
Fig. 7.1.1.3 Open-close movement of the soft actuators
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Fig. 7.1.2.1 Lengths of the anion-driven and cation-driven layers
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Reduced state Oxidized state

(a) At the ratios a:b =2:3

Reduced state Oxidized state

(b) At the ratios a:b =1:3
Fig. 7.1.2.2 Open-close movement of the soft actuator
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30[mml]

29[mml]
y
Fix

Fig. 7.1.3.1 A wide plane soft actuator of 30 X28 [mm’]

29[mm)]
—_ Fix
=
—_— =
=3
en

Fig. 7.1.3.2 A wide plane soft actuator in which 28 pieces of reed shaped actuators

30X l[mmz]) are laid out

29[mm]
M 4
T Fix
- £
-

Fig. 7.1.3.3 A wide plane soft actuator of 30 X 28[mm?] in which 27 slits are set in the

interval of 1[mm)]
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Reduced state Oxidized state

(a) Soft actuator of 30 X 28 [mm?]

Reduced state Oxidized state

(b) Soft actuator in which 28 pieces of reed shaped actuators (30 X 1[mm?’]) are

laid out
——
<—
Reduced state Oxidized state
(¢) Soft actuator of 30X28[mm?] in which 27 slits are set in the interval of
1[mm]

Fig .7.1.3.4 Open-close movement of the wide plane soft actuator
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Fig. 7.1.4 Micro pump with conducting polymer soft actuators as driving source
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Fig. 7.1.5.1.1 Deformation mode of soft actuators and transport volume of the micro
pump
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0 ¢ Glycerin 0.140 [Pa~s]
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Fig. 7.1.5.1.2 Phase and flow rate of micro pump
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Fig. 7.1.5.2.1 Flow rate and Head performance of micro pumps
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Fig. 7.1.5.2.2 Flow rate and Head performance of micro pumps
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Fig. 7.1.5.3.1 Flow rate and energy consumption of the micro pump
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Fig. 7.2.1.1 Preparation for peristaltic motion conducting polymer soft actuator

Cation driven layer = Anion driven layer
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Fig. 7.2.1.2 Structure and deformation mechanism of peristaltic motion conducting

polymer soft actuator
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Fig. 7.2.2.1 Experimental set up for measuring deformation of conducting polymer
soft actuator its moving peristaltic motion
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Fig. 7.2.2.3 Opening length of peristaltic motion conducting polymer soft actuator at
measuring point
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Fig. 7.2.2.4 Relation between conductivity and moving speed of conducting polymer

soft actuator

Fig. 7.2.2.5 Relation between film thickness and moving speed of conducting polymer

soft actuator
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Fig. 7.2.4.1 Deformation mode of soft actuators and transport volume of the micro

pump

7.2.4.2 iE-JE1TERE

bEENEE T A EEEE S F Y T N TV Fan— 2 BN~ A TR T D
v RICEBEN EREOBFZEZK 7.1.52.1 (21, Ak L Ot 2 Enit s
BLUONy NICLDENERT. £, FO@®, 50O, F0@, €, ¥V, [l X
OISR K (0.001 [Pas]) , 7 UE® VY (0.150 [Pas]), >V A AL
(0.200 [Pa's]), >V =2 A4 A L (0.400 [Pas]), VU = Ao /L (0.600 [Pas]), >V
a2 A AL (0.800 [Pas]) BEL N U a4 AL (1.000 [Pas]) DfEFE2 R

RN T DI, ~y RIZK RN L TWD Z Enbnd. Faji
KBRKDOGE, FREIIR 8 ~105 [ul/min] TH Y, HAIENIE32[kPa] THD. F
72, AKIZEEART 400 EREE D B WK THIUE, K EIFITFRZEOFR B L OVE )
~v RPELND. £72, KITHART 1000 EREOBE WA T 2 b, Wik 0.2-3.4
[ul/min] B L O KES]~> K 11.1 [kPa] BELND Z & Lol

tEEEE T S EEEE ST Y 7 N TV Fan—F AW~ A 7R AL,
SORMAES T 2EENEN Y 7 NT IV Faz—2 BN~ S 7R T e
LG U, IRV E E mWEI A~y REALTWD. IKWREZSGHL N TE

73



P, iEEEE T 28 E S Y 7 N TV TFaz—F W~ 7 aR S
DFNED BOERE CEERRETH 272D TH D, ~>OBAER I 2 EE M
DT RT I Faxz—F RNz~ A 7 aR 713001 [Hz] LA EOJE R HCHE
5L —HE~ERTDHZENREEE 25, 2L, BEEEESY Y 7 VT 7T
2T — X DEFEENE LB TEH-0THD. —HOMEEhES 4 58 EM &0+
VI RNT IV Faxz—2EHni=~A 7R 71E 0.1 [Hz] OBRENCTH —JFAIzk
BT HZENTED., ZORR, KWREBREBLEEZLND. —TFF, B~y
NGB, HEhEE T 28BS Y 7 N T 7 Faz—2 RN EROT 7 F
2T =X ThDHI EBLOEENEGINATOIL TS Z LIEEE 2 NS, BIK
DT I Fax—2FAY v Nl LT-HMES T 28ES Y 7 N TV Fa
T—Z LD L THY, S HIITHBETHLOST ZENARETHD. 51T,
TOoOOMMEES T AEEEE SV T VTV Fan—F BN~ A I aR T
IZBWTC, —oDY 7 T 7 F ax—FRREFICE IREAFEET 2 01I2x LT,
EEEE T A EESE S T VTV Fan—E W~ A s aR T TIERY
TRT7 7 F2axz—FOFRIILTHALLEBERAH Y, HiKEzMA 57D THD.

35

® Water (0.001 [Pa-s])
@ Glycerin (0.150 [Pa-s])
@ Oi (0.200 [Pa-s])
¢ O (0.400 [Pa-s])
v Oi (0.600 [Pa-s])
[0 O (0.800 [Pa-s])

g v 01 (1.000 [Fa-s])
2
’2 ,.‘.'
o, 4 .0
’.’0 * ’

0 20 40 60 80 100 120
Flow rate [pl/min]

Fig. 7.2.4.2 Flow rate and Head performance of the micro pump

74



7.2.43 TXILFHBERE LUO%=R

F T2 ICEENER T HAEBEE ST T NV Faz— 2 W~ A TRy
TEBIXOWROT 7 Faxz—2EHne~vA 7 0Rr 7O RIVEHEER, %,
T Faz—KXORE, K&, BEELE, BREERS I ONERENERT.

MEENER T A EEEE S Y T NT IV Fan—E2 AW~ A 7 aRo X,
SOOAEE T EEMNE S Y I N T VT az— B\~ A 7 aR T
% WRO~A 7 aR I RT, ZOHEEBENNEI/NSNZ ERDND

ﬁri DYV RT I TFaxz—EERANWEvA T aR TR, ko~ A 7 aR

TIZHARTIEFITEVEE =R L X THRAEAZEZR L TNDZ ERbN5D. FRZ,
Santra DO T Ry TV Fa2x—4FX Ling HX° Geipel 5D Y R 1% Hu -
v A7 aR AR D &, EOATELEN 1VI00 RETH L. £, EEMEED
7 7 Fax—XZ%ZH= Ramirez 5O~ A 7 a R IR THFOEET R
w%iﬁw FORER, BTk~ A 7 aR T D6 EL EEETWS.

ITCRIIO _OOBMAEER T A EEME Y T NT 7 Faz—XEH\
v%&u%/7&w@¢ék!W%@%#é%%@mA%/7k77%ni~&%
W%t74ﬁﬂf/7i,ﬁ@%m#ﬁ5PT%ét 2, TRV FIEERNK S
fEllpoTWABHZ Enbnsd. = tEEhEE T A EES Y T N T VT
— X W~ AT Dd“’/7°0>7375>777”“:::—5’0>i‘%ﬁﬁ75dt% <, ZDORER X
%< BERALFHRGEEITITZDTHD. LTI~y FH SEREREL > TND
%@@:zw#ﬁ%# BERERZWZDICHHRIZT D & H>OMAER 3 5

EBEED Y T N TV Faxz—HEHW =~ A R T ERIBRE LD ZEN
Hihroi-.

73 &9

TETIIUTOZ EBnbhoT-.

NAEBNTEEE L OEEERSD Y7 NT 7T ax—X 2\, BERE
JOEENER T 2 EEMNE S Y 7 N T VT a2 — X2 HBTEXH T ERNbho
7z.

BRI EE s L ONMEEhE# T 28 EL G0 Y 7 N T VT axz—F EH\ i~ A
T aR TR D~ A T aR T ERTIRWEER, S~y REF L, &ifh
B EERERRTHD Z Enbhrolz. £77, KLU LRMEOE WK TE 2
LR T DI ENTE LI Enbrole. SHITE, ko~ A7uaRr 7LD b
FEFITDRVHEHBEZ R VX TIMARZER TE, BWIIEEZAE L TWDH Z Enboo
7-.

75



90 03 9°0- 61°0 9 61°0- 07°0 03 ST°0- o0 o01°0- [V] yus1md SupersdQ
P11 03 pIT- 01 9 0T~ €0 ¢- AEUNAY [A] 333104 SuneradQ
61'0XTI XTI 0€°0% 969 0T'0X0Tx0'1 P10 %09 % 0V # [(wua] [er)ew 9ARIE JO SWIN[OA
Jojen)oe
JI0jen)de 0zarg 10)8N9€ Jousew 10pEn)E 1Jos 1owAjod [BLId)BW AV
JUSUBULID Adg-uoryeN-Adq Sunonpuos
([urwyyr] $°67) ([urwypM] pp7) ([urwyr] ¢ p7) ([uruypr] £°87) .
0T X% ASudnr
LT°0 €0°0 81 €19 %] .01 i
(lurw/M] $°67) (lurw/ M) pp7) (lurw/M] §°p7) (/] 1°82) | 1 o) ser wondumsuoo ASsoug
96v°'1 999y I81°0 reo
‘[& 39 Surg ‘[& 39 ejuRS ‘[ 39 ZoaTwey dwind pasodoag

[urw/ 1] g7 APyewnxoadde ye sdund oad1u [BUONUIAUOD
r M paaedwod dwind oxdrux pasodoad ay) jo ASudnyd pue djea uondwinsuod AU 7L dqeL

8E G

76



8.1 ARMFFEDFETR

N

7.

PLEDO#SE 28 L CTH LN/ - 7e 2 L 2 LU TICHET 5.

NAENTHEEEZLOEERES Y 7 N TV F a2 —2OEREREL L
OB EITZENENERL L OFEANER &I 5.

BEMNED Y7 T 7 Fax—2OER MR LTIGE, FRICHEWER
EPME T 225, EAEMMERELEERIZLABERICH LS. —T, BROREIC
XL CEMEOE T2/, 2k, BIROHEZTT > TORWEE T RIS
T Farz—ENEHET L0 THS.

TREOMAEDEICL D EREELS LOEEENZILT S, BRI, X
FFEME L R— U LOEIEN LT OERE L 1 L EOBRE TIZEORMEN K
L RND. KEEMRE L R—U L DEEN 1 LULTDOEE, FR—r ok
T SNIEREIILHT 5. ZFFEMRE L = EDEEN 1 U LEDEA, X
FFEME L F— RV FORESIOEEN 1 IZESIFERERERET 5.

T EOEEEE S Y T NV Faz—ZOT =4 VERENE O X EE
G/ R— 30 b OEIED 1 LT OGET =4V BREhE O 5 S E RN E T
DO F A UEBREE L bR ETe. —J7, T =4 VERENE O K EFEMAE N —
X NDEIEN LU EDLGE T =4 UERENE O KIS A R E S IR T E
RN, SOt Lo g W T A L BRENE O 5 A s T e,

T = ERENE O L FREME N R E S, IFFEME/ R—X2 FOEIED 1
DL T 7 F 22— 2B ILWNEROMAEDLDERR LDV RLXTK
EXRERETDH. Thbh, RORWT JFaxz—2OERNGTHD.

NAETNTEEZ G OEEE NV 7 N T 7 Fax—% % v CHHBE
B X OEEER T S EEMEE S Y T N TV T am— X ORI LT,
DI, ENLEHWEYA 7 uRr T EBEEL, FilkE —HacEiRT 5
T EMAREE Ao Tn. FRICIEEREEN T A EEEE STV T NV Fan—HF
AW~ A 7 aR 7O EL 0.1~104.3 [u/min] TH Y, i KIES)~> K 31.1
[kPa] THh 5. F7o, KITHAT 400 EHMED @S WIRIE THIUL, K EIZIEIF
EEICEIRMMFIRETH 0, KIZEET 1,000 545D EWWRIA T X 2 b B8R 7]
HETAHI Enbhrote. ST, RO~ A 7 aRy AT TIERFITERND
T X)L VHERTENET 5.

BEMEESTFY T NT I Fan—FE~vA 7R FITHND Z LIXIER
WHEHTH 5.

8.2 5 DELE

77



AW TIENA BN THEEEZ b OEERE STV 7 N T 7 Faz—2OEMAL
Hifi~DREAZ B L, ~A 7 aR FOREREE L L THWD Z L 2 iR&EEC
L CEDISAOEAR IR TREM 2R LT, ZD7=, A /L7 iEEZ BB
WY 7 NT I Faz— X OB FEE LN LTE . L, EEMS
BT 7 NT I TFax—2EEZRTHDIIE, LD REREROED, HRE
727 4V ADOFEBL, RV IR USRS X OMATED A E g R R EREITER - T
WD RRICHR Y IR U ERS KO AED M BIZEEE &S+ 7 N TV Fax—H
ZFEAET D ETRRAROMESTHS. UL, L0 RE LZERILSEGETT
ZDHDFMBIOT 7T ax—F2EZHLNZTHIENRDLILD.

25 30

78



(1) RO, KAEFHRE, KL A 2 VXIS T DRy 7 OMeE (6
1, EBRAIBFE) 7, B A 5m S0 (B #R) , 50 4, 449 5, (1984) pp.279-285

(2) Y.HKim, K.T.Lau, R.Shepherd, Y.Wu, ‘“Performance -characteristics of a
polyoyrrole modified polydimethylsiloxane (PDMS) membrane based microfluidic
pump”, Sensors and Actuators A, Vol.148 (2008) pp.239-244

(3) TREE T, AEHE—, A BT PZT FEFT LA W EEEA
R~ A 7R 77, HAB Y25, No.68-666,pp.643-649.

(4) SARFEW, BB, e/, EOUR, NFEHER, T EET 7 Faz—4
ERWEEITERMALT L2~ A 7 a R TORRE” , HA AEM ¥&0%
Volume13 No.4, pp.42-47(2005)

(5) L.Jang, W.Kan, “Peristaltic piezoelectric micropump system for biomedical
application”, Biomed Microdevices Vol.9 (2007) pp.619-626

(6) M.A. Careema, Y. Velmurugu, S. Skaarup, K. West, “A voltammetry study on the
diffusion of counter ions in polypyrrole films”, Journal of Power Sources 159 (2006)
pp.210-214

(7) M.A. Careem, K.P. Vidanapathirana, S. Skaarup, K. West, “Dependence of force
produced by polypyrrole-based artificial muscles on ionic species involved”, Solid
State Ionics 175 (2004) pp.725-728

(8) M. Onoda, T. Okamoto, K. Tada, H. Nakayama, “Polypyrrole Films with
Anisotropy for Artificial Muscles and Examination of Bending Behavior”, Japnese
Juranal Applied Physics,Vol.38 (1999), pp.1070-1072.

9) Fuchiwaki M., Takashima W., Kaneto K., “Comparative study of
electrochemomechanical deformations of poly(3-alkylthiophene)s, polyanilines and
polypyrrole films, Japanese Journal of Applied Physics Vol.40 (2001) pp.7110-7116

(10) K. Kaneto, M. Kanekoa, Y. Minb and Alan G. MacDiarmidb,” Artificial Muscle -
Electromechanical Actuators Using Polyaniline Films”, SYNTHETIC METALS Vol.71
(1995) pp. 2211-2212

(11) K. Kaneto, Y. Sonoda and W. Takashima, “Direct Measurement and Mechanism of
Electro-Chemomechanical Expansion and Contraction in Polypyrrole Films”, Japanese
Journal of Applied Physics, Vol. 39, (2000), pp. 5918-5922.

(12) Hara S., Zama T., Ametani A., Takashima W., Kaneto K., “Enhancement in
electrochemical strain of a polypyrrole-metal composite film actuator”, Journal of
Materials Chemistry Vol. 14 (2004) pp. 2724-2725

(13) Hara S., Zama T., Ametani A., Takashima W., Kaneto K., “TFSI-doped
polypyrrole actuator with 26% strain”, Journal of Materials Chemistry Vol. 14 (2004)

79



pp. 1516-1517

(14) Hara S., Zama T., Takashima. W., and Kaneto K., “Artificial muscles based on
polypyrrole actuators with large strain and stress induced electrically”, Polymer Journal
Vol.36 (2004) pp. 151-161

(15) S.Skaarup, K.West, L.M.W.K. Gunaratne, K.P.Vidanapathirana, M.A.Careem,
“Determination of ionic carriers in polypyrrole”, Solid State lonics Vol.136-137 (2000)
pp.577-582

(16) S.Skaarup, L.Bay, K.Vidanapathirana, S.Thybo, P.Tofte, “Simultaneous anion and
cation mobility in polypyrrole”, Solid State Ionics Vol.159 (2003) pp.143-147

(17) W.Takashima, S.S.Pandey, K.Kaneto, “Cclic voltammetric and
electrochemomechanical characteristics of freestanding polypyrrole films in diluted
media”, Thin Solid Films Vol.438-39 (2003) pp.339-345

(18) Hara S., Zama T., Ametani A., Takashima W., Kaneto K., “TFSI-doped
polypyrrole actuator with 26% strain”, Journal of Materials Chemistry Vol. 14 (2004)
pp. 1516-1517

(19) S. Radhakrishnan,S. B. Kar, “Response characteristics of conducting polypyrrole
bi-layer actuators: Role of backing layer polymer”, Sensors and Actuators B, Vol. 119,
Issue 1, (2006) pp. 94-98

(20) R. Kiefer, G. A. Bowmaker, R. P. Cooney, P. A. Kilmartin, J. Travas-Sejdic,
“Cation driven actuation for free standing PEDOT films prepared from propylene
carbonate electrolytes containing TBACF3;SO3”, Electrochimica Acta, Volume 53,

Issue 5, (2008), pp. 2593-2599

(21) S.Hara, T.Zama, W.Takashima, K.Kaneto,
“Tris(trifluoromethylsulfonyl)methide-doped polypyrrole as a conducting polymer
actuator with large electrochemical strain”, Synthetic Metals Vol.156 (2006)
pp-351-355

(22) T.Okamoto, K.Tada, M.Onoda, “Bending Machine Using Anisotropic Polypyrrole
Films”, Japanese Journal Applied Physics Vol.39 (2000) pp.2854-2858

(23) M.Onoda, T.Okamoto, K.Tada, H.Nakayama, “Polypyrrole Films with Anisotropy
for Artificial Muscles and Examination of Bending Behavior”, Japanese Journal
Applied Physics Vol.38 (2008) pp.1070-1072

(24) Y.Nakazawa, T.Ebine, M.Kusunoki, H.Nishizawa, J.Hanna, H. Kokado,
“Preparation of High Quality Polypyrrole Films”, Japanese Journal of Applied Physics
Vol.27 No.7 (1988) pp.1304-1309

(25) K. Yamato, K. Tominaga, W. Takashima, and K. Kaneto, “Stability of
Electrochemomechanical Strains in Polypyrrole Films using Ionic Liquids”,

80



Synthetic Metals, Vol.159, Issue9-10 (2009) pp.839-842

(26) S.S.Pandey, W.Takashima, M.Fuchiwaki, K.Kaneto, “Effect of film morphology
on the actuation behaviour in polypyrrole films”, Synthetic Metals VOI1.135-136 (2003)
pp-50-60

(27) M.Onoda, T.Okamoto, K.Tada, H.Nakayama, “Polypyrrole Films with Anisotropy
for Artificial Muscles and Examination of Bending Behavior, Japanese Journal of
Applied Physics Vol.38 (1999) pp.1070-1072

(28) Y.Kato, K.Tada, M.Onoda, “Preparation of Large-Size Anisotropic Polypyrrole
Film and Its Actuation Property”, Japanese Journal of Applied Physics Vol.42 (2003)
pp.-1458-1461

(29) BB IER, KFECKES, SBg—, “SEtmsra2RAneyY 7 77 Fa
T— X OBV -7 7 F 2 — 2 OEES BRI 281587, ERIEE T
EAZ5E8 Vol 105 No.21 (2005) pp.5-10

(30) T.F.Otero, J.J.L.Cascales, GV.Arenas, ‘“Mechanical characterization of
free-standing polypyrrole film”, Materials Science and Enineering, Vol. 27, Issue 1,
(2007), pp. 18-22

(31) T. F. Otero, M. T. Cortes, G.V. Arenas, “Linear movements from two bending
triple-layers”, Electrochimica Acta Volume 53, Issue 3, 20 December (2007) pp.
1252-1258

(32) T. F. Otero, M. T. Cortes, “Artificial muscle : movement and position control”,
Chemical Communications, Vol.3 (2004) pp.284-285

(33) J.D.Madden, R.A.Cush, T.S.Kanigan, . W.Hunter, “Fast contracting polypyrrole
actuators”, Synthetic Metals Vol.113 (2000) p.185-192

(34) K.Suiyama, K.Yamato, K.Ishii, K.Kaneto, “A Biomimetic Underwater Actuator :
Categorization of fish using swimming behavior, and development of fin actuator using

electro conductive polymer”, Journal of the Japan Society of Naval Architects and
Ocean Engineers Vol.6, (2007) pp.45-56

(35)  VIEA, BRI, “BUNERT D EmIREERE S T Fam—F b
EDOA TR T DI, B A TR T PR i G SR,
No. 05-32, pp. 32, (2005)

(36) M. Fuchiwaki, K. Tanaka, K. Kaneto, “Planate conducting polymer actuator based
on polypyrrole and its application”, Sensors and Actuators A, Vol. 150 (2009) pp.
272-276

(37) Ok Chan Jeong, Satoshi Konishi, “Fabrication and drive test of pneumatic PDMS
micro pump”, Sensor and Actuators A. Physical, Vol.135(2007),pp.849-856

81



(38) D. B. McCombie, T. W. Secord and H. H. Asada, “Modeling and Observer Design
for Polypyrrole Conducting Polymer Actuator Control Systems”, Proceedings of the
IEEE / RAS-EMBS International Conference on Biomedical Robotics and
Biomechatronics, Pisa, Italy (2006) pp.432-436

(39) Mir Majid Teymoori, Ebrahim Abbaspur-Sani, ” Design and simulation of a novel
electrostatic peristaltic micro pump for drug delivery applications”, Sensor and
Actuators A. Physical, Vol.117(2005),pp.222-229”

(40) Ling-Sheng Jang, Yuan-Jie Li, Sung-Ju Lin, Yi-Chu Hsu, Wu-Sung Yao, Mi-Ching
Tsai, Ching-Cheng Hou, “A stand-alone peristaltic micropump based on piezoelectric
actuation” Biomed Microdevices Vol.9 (2007), pp.185—-194

41) Y Wu, D Zhou, P C Innis, WM Megill, G G Wallace, “TITAN:a conducting
polymer based microfludic pump” Smart Materials and Structures, Vol.14 (2005), pp.
1511-1516.

(42) S. G. Ramirez, D. Diamond., “Biomimetic low power pumps based on soft
actuators” Sensors and Actuators A . Physical. , Vol. 135, (2006), pp. 229-235.

(43) S. Santra, P. Holloway, C. D. Batich, “Fabrication and testing of a magnetically
actuated micropump”, Sensors and Actuators B Vol.87 (2002) 358-364

(44) A. Geipel F. Goldschmidtboing , A. Doll, P. Jantscheft ,N. Esser , U. Massing , P.
Woias “An implantable active microport based on a self-priming high-performance
two-stage micropump”, Sensors and Actuators A Vol.145 (2008) pp.414—422

a2

82



AFm LI, FFDIUN TERFRFPEEHR T ARG s A7 LI HE P - 3
A 7E = CHE LRI HARRAR 2 R L O LR R R 3 2 R T T - TPtk e 2 & &
Wb DOTHY £T. ZOEEITHIICHTZY, ZLDOHFA~DTRE, ZHhEB X
N HETEEE L2, Z ISR TIIH 0 90, EH oKL 2~z e B
WE T

AT ONTHTZ0, ROFEEHE %25 21T TF & o 2 JUN LERFRFRE
& TP el MR i e & il T RSP R s i TR 2 b e 2%
P ER A0 X 0 < BALH U B £4. mhfnfEseA: & g Est e ok
TS THEEITA Z CITRONEICBWTEERER Tho - EHELTE
D F9. WA & VIR D IR E NN, X FICOWTEER
THHEEZSWRSERWILTHEEE L. 22 TFO—ETEH Y T2, k-
WEBEWET

H FP RIS AL, FAOBFEOHEPRRIL, RIS Uo7 CHEE 2 Ta X
F Lz BRI FERE T2 (E¥) ICHEEDN, BROREEEZ LD &
LEHEATLE. ZLTC, MESONATHHEELLZWRICHME LB KL ZEE
SIEEWE Lz, FIEN%, BNy 7 OB E R HITE L ZHRTBITE O %
WD ETRERBICRVELE, BENBTHEWEMRIZ Kb+ 522 0o B
SHEITEFICERZRZE L. RO TR b ODF 2 5 EA%R R D5t %
179 ECHLMERZ L2 FOE L. LEVEEEHLET.

P ERH AT, FACBIREWIFE T —~ 48R L, THREEW =721 T <,
FLOWFIED 7= DI i 22 Fpas B, i &2 fi 2 CIEFIC B2 EBRREE 2% % CIH
XFELE. &6, BELOFR2IBINT IS5 2 CTHE, BREEZEL
WZHRELTCTFEVWE L MES > THLONIDLTWERIZES 72 WX LT
HELOT, DNDLETHRARGIETITHEESEIWE L. BE0THRE, 28
HEL U CUIRDOMERITHE L oo 72 E BnE . BAEIITMEDSTEH, Wo b
FUCHEZMTTLESY, FRICELSIFIZRO S LS ZTHELESVELE. 0oL
FMCBWEIICERATEY, WHNEFOMESECTIHEE E L2, BREENSTHN
TS ZENE TV RWICHEDL LT, MELGHSEZTEE E L. RYICAYICH
DL H T NET.

JUIN TERFR A MR TR B SRR e IS E M &SSO
HHF L L TERTIIWObIMED ZHfEaTHE £ Lz, £z, SE%ES Y7
N7 7 Faz—HIZB L TR ROFMI AR 72T KA ABTHE L L. £,
FLOTRITIB N T, SFEEEOMIREDORREZIEFICBBICIETHESE, &4
DOWFZENE T IUTFMTEEM S T 7 N TV Fax— X 52T A2 L TX
ol EBNET. DX VSRR L B ET

TN TEERFRFFEE W TR sebe8ds  MEABREEICE, WOLEFTa-o
TRACIEF 2T CHEEE Lz, &6, ity ThETE LN -EE
IRRRER S S RORER THRE Y £ L. £, ZOEIIRORIEELZBE 2T &%)
TLESWELE, DL EGHE L £

TN TEERFRFPEEH Lraselbisds  /EEEREAIIE, SR O | AT
ICRE, MCBEEZBEZBEVLEICHEDLT, RBIEZTTFIVELE.
F7m, BREDARY Y VAR L THOEZNDRIZR -T2 b TR TEY,

83



L ONE OGRS /> Z N TEE L, DLV EHEIL £

JUIN TR PG T i i LR B8 1K SCES R AR IT B I R OER
WX, 2 DOT7 A ZAZEEE L. 77, a0 Pa—2DO XA — L9 —, il
AR ETCIIREBHERC /Y Lz,

JUN TEERFPIE R ARG R LR E IR E I AICIEEREO RS
FRRPEREEAE L CHEE L., DL VEHWZ L E1.

IR DYEEITIE, T £ THEm o TREE X £ L2, AT EBEREED
2 L RIBFICHFEEIC A S TZDOTT N, BREWT SN H 2R, BICLWHE
EBEED Y 7 N7 7 Faz—XOHEREH 2 TIHE F Lz, thHBIRILEOMTE
RN 72 T AUIRLDIFIRITI R D S T2 oo T E o TE D 7. EHEiZEL IO
B HERCRE IS E T TIHA TS E X, BIELWICHLBEDL L TR &R E LT
TEWELE. ZLTRELNBATHWARICIL, KB bLEI &5 X HICEE
LTFEWE L7z FERICA S TZEENDIFFEE TR L A TE 2Dk 5k2%E
FT ORI &AL IR L TR £1.

AR OFF FREFEFIZAENS, MR CAYICBHERC /2 £ Lz, FUT KRS
BRI A T BEEEE STV 7 N T 7 F a2 —FOW%E%2 L TCWETR, F EF
WX AE DN L EEME Y 7 N T 7 T 2= —X DM EZ L TEB Y, B D
N LWCHEED LT, FAOFEREZ FLEWRDLHEH X TINELE., £, R
TR YERARICE SR T 5 LD TRIE, A0 Z & L0 LROMEEZEL L T
FL FHEBLIITTHLELAZ, BULIEET L ENTEE L.

HEMER DY T NT VT 2 —F ORI N—T D%AED L FEE, (EBEIEyR
H, HEEE, SBKEE, MAMEZFEE, BAREREE, LRI IR Y IR L
TEVFET. BOETHWRLT, IMRBIL LD TTATTOEREEE 2, &
IO OB S LT FEWE L. BENPLDO T Ly vy —iFHOob e & G
HVFELEDN, TR EZENCH L W=D LA ITEWET. HnLtH> 230N
F L.

FUZHF - PBAFERE TR Z LIS L Tl £9°. el L34, FAR
& WFFEE AR — B A LTV 2 FRASIE, MR E 22 WIRFIZFEF BN D &
L7, AR IIFIROMILET, HEMES D TV 7 VT 7 F 22— IZBb->T
WD FET DI NOTTN, i, BEMDT RSO —< LERBRNI ETY
HEim L CFSWE L, | - HHAFEREOR S IO X 0 R LT £

REBRICYG O LRI E T LAMT 72V E S > TV L b LTI
THRBIRRRRICER L T X2 T N mBUIES - L7,

84



	二つの開閉運動するソフトアクチュエータを用いたマイクロポンプを図7.1.4に示す．マイクロポンプに接続したチューブの片端にはタンクを接続し，このタンク内部の流体を一方向に輸送する．それぞれのソフトアクチュエータの外側には対向電極および参照電極の白金板および銀線が設置されており，電解液はPPy.PPSソフトアクチュエータの場合1 MのNaCl水溶液であり，PPy.TFSIのソフトアクチュエータの場合0.5 MのLiTFSIである．印加電圧は矩形波であり，その電圧範囲は入口側のソフトアクチュエータおよ...
	Fig. 7.1.4 Micro pump with conducting polymer soft actuators as driving source

