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ABSTRACT

Cilia and Eukaryotic flagella possess two singlet microtubules and nine outer doublet
microtubules. Protuberances of protein named as dyneins, are placed along doublet microtubules.
Dyneins produce the active sliding force of doublet microtubules. Ciliary beating and flagellar
movement are generated by the active sliding of doublet microtubules. We aimed to develop the
artificial actuator imitating the active sliding of doublet microtubules in cilia and flagella. We have
made an enlarged artificial actuator by using two flexible beams corresponding to two microtubules.
To ensure active sliding in high viscous fluid for low Reynolds number, the pulleys with geared
Stepping motors corresponding to the dyneins were placed between two toothed timing belts as the
flexible beams. Continuous bending wave was generated.

Furthermore, we developed an enlarged propulsion mechanism modeled on ciliary movement. 1o
realize the effective stroke and recovery stroke of ciliary movement, the mechanism was equipped with
a motor on its base and a variable-bending-stiffness fin made of Ionic Conducting Polymer gel Film
(ICPF). We have made a paramecium type robot which consists of six variable-bending-stiffness

fins.

WIEEB

B OME - i1, HBEORNTHEZE TR, FAEICIER, FOIC 2 AKOHMENW/NE
NH5, FEAOHNEIIZY A ZEVWIEBEAENKEL TB0. 1 Z 2 BBOM/NE 2155
BEZERE S TRUEFNRET S, ARETIEIOAN LA ZEBMLZFLWALTYVFa LT
—HIDVATLAEBR - RREITHIELZEMET S,

Dynein Arms :s--.»;
: 81 .
DE = =
£3 :E’ = Dynein -
SELZE S/ L
< ol w k
Microtubules 'ga - O e "4
Al 7T
- = R
=™ L SN
2eZr '@
XD Ll _7_4
e T »
— - -
Microtubules
ERAEYOHE 2 ADOW/NE DR A T =X s
5 M D FENS & R

FAZVOBEEERAZANWTHERALZANLY VF a1 —F 20%, MERBOMENER T
ZEOBHACKEZLE U/, XD, EBHEMEK 5. Sl TORMESHNERTE, KpTO
FAKEADEMUZ. LAL, BERETORMZMEBICT 2720, BHAaIKRD2, Frazy
MIE—=F EWAOV MCK BB 2B R, ERRE 2TV, ERNRERZT o/,

— 35—



; *-ugﬂ

TV (AFw B TE—5) EEMNL L B El

Zar

KIZ, MUNEDBO ZHHBEIIL TWRWN, MEORKBMNBIETHS, AR & TEEF]
EEET 5, AIERET 0 2 EETOTE—F T X A HEEEE AT L /.
DT VFT TN T 4 > OBOBEBI&EMAOEECXIOHETE I EICE>T, —A0Hk

EOHTEHB L.

THIT, BEALCIDY, 44 AE8E®D T 7 4 )V A (ICPF) Z Wz 2RI T « > 2% LT,
W74 > Z2L BRIz, K MR EORBIED S 2 DUV LB OKPHEEREZHEL,

BRI HE S R DR 21T 0 72,

io of swing

KR 0 1

KPIZBITBFAERMET + > (BREAER)

Copper line ﬁ

Shaft

40mm | \
Clip to fix ICPF and electrode

AIZERME T « > DR (ICPF AT

—136—

TV0) ISR




