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Development of All Elastic Type Micromachine Based on Euglenoid Movement
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In order to realize the function of the flexible shape change necessar% for
the medical micro robot which minimizes the damage of the living tissue as much as possible, the
basic propulsion mechanism in fluid based on the contraction structure which is one of the
hypotheses of Euglena®s motive force developed. This mechanism consists of multiple elastic
telescopic mechanisms arranged in a grid and an elastic frame, and it was possible to change the
movement form of the whole by changing the movement pattern of the telescopic mechanism. As the
propulsion characteristics of this mechanism, the change of thrust force, average thrust force and
flow field in one movement cycle in water and highly viscous fluid were evaluated in addition it
was shown that it is possible to generate the necessary propulsion force for self-propulsion.



1. WFEBRAE 4O 5

MREREFE T RICFAEND A7) 270 _XF RO D HENHEESR S LT, A4 A
T4 AR LIZBEORE LORENES 2 HE L Lz 7 ¢ 0 K D IR HEEREAE OB 5T
EIToTE. BICRELORMEICE B UEEOESR) B IS K - TR HEENERE 215 5 AT &
7 4 N LDV HEERAE OB 21T\, Z OFFZEIC B W THEENEE I 7 > ORI
ZEWNCZLSE D Z LI Ko THEEMEREO WM L SE 5 2 L3 lRe/e 2 & & EERW - BUEfgHT
IR LT, 2D OB 2150 LN EZER T 2 EM~A 7ok v b OERER R
BR%E & AT

BITE, EHa Ry MRRIZE W TIECHLSRE 2 B8 L AERNERRERE OF RIS, £ 724N
TRJE TR HEA 2 25 0 Jm o B 7p EAERNE TR BN AEUK T A HINBIR ST T D . RRCAEY %
HEL L U AR RE DI 2 5 L QWO D HFZEIXZ WS, HERESR IS —E DRIPE & Je8ias (ke
T4V E) BHEEL, TNUOPAERHBROBE LS X T rEENE X LD, AL TIE
ZOREEfRIT DB E LT, SREMRER AR CRER S - T B o2 B IR fEidE
HREE AT DEH~A Z7unRy NERBETLIZ LARELE

JFAEY CTh Do — 7 U RITEERRAE N 2B L, Ho, 2ENSHEMEK CHER ST
W5, ZoEENI— 7 LER) (X 1) &R, St
DAL, FERPORN, X R, Bt & ER Bk
WX VBIERIENDAZZERNHONTWD. ZDJEE)
TNZDNWTE L OFFEE DRI %2 3 TV D DR T
ST TR, 5L S DN O — D)3l e
T2 B D # R H5 (Pellicular Strips) 3 5 WM X E D EEERIC
B LHBEOIEEESNFREN I LT H5HbDTHY, Z0D
FITES B ENTE T, AF%ETIE, Z0OHsHl \ \

& LR O MR & Sl —onhIc il E LES) B A7 LT EROBBE (B HHRE,
2 BT 2 2 & THEE O R Z PERIC AT S E : ZREB®)

D ENATRER RN 2 IR T 5 Z L 2R LTz,

Pellicular
Strips

2. WO HDY

FRHOEB IR E TIER~A 7 enRy &I I, BK, Bo/MidE, B
RIER ERENEZAEDE LT 7 F a2z — X FBBE I TRV, Kifgtid~A 7~
WWHEHTE A2V =T V7 T 7 Fax—2OEN
MIFIWCES LT & & D=0 O IR &2 fesr 5
HTLEEHEHME LT

2— 7 L OBERETOMRREEZEFOT el ! Goil spring |
JFam—2 CREATLHE, ZOIGEROAHIE i :
PENBEERER LS. F 2 TR CIZERET
JFax—HRSMAT 7 F 2= —H 7 EHIEINIA
#He7e b O IR L, HIEPEICEN - — RS RERT X
Ty By 7 — 2 TERET D MR 2 Al
5HZ LT LTz, BRSO DA & LT, REH

R & LT E R 2 2 A VSR EEES K2 a4 UNRE DA VIS & B iR
BUAYTHE (X 2), Zhzgll _kxm

Wire Wire guide box

Pull

i I
' —»E Compress E<—: t

fot *ﬁ'?‘ )Ik EC ?lé/l\i 7 L —A Iji] %B @: @Elﬁj‘ E) Z & Compress mechanism

TRIKDE & THEICT 5 L 21K L Elsictms .

( 3) Mo N, =2 s
RBFIHI TIETEB 2 HBT DI oot y 75,

FEITV, B 7 JE A EEN <> S FE fhEE) & ‘compress mechanism
FHLS D MAERR O IGHE R, I~ % — &
O 2 & RIC 2 OEE) PICRAET HHE =
R, RNGICOWTHRET 52 &2 A Growof lower

,§§§§§§>M

L compress melanie,_loner T Nﬁl\\w "
3. WHIED Tk \ B3 BEME MRS S 2 - SR TS
(1) 3R B As 2 B & 3 2 WPk At s 2 F

T2 IR TERATE D FERE T2 R

TER LT S TS 3 70 ZEIRRE ) 2 9 % I RRIE T % 7 &0 M) ) CHREAD AR B 2 B <,
ZDLEDOEROZEH 2B L7 (K 3: 42K 9mm, 20E 3.3mm) . FEEEMHEERE L2 2K S E 58
BRBY A Y 2SN EE L2 7 — U ANCEE, WY — @b TR DA EIZE
ET DI a0, BUMICERZ FH L. ZRROFHIIZ I 3 HEERAE O S48 I BLE L



Te~—NETUHINVET AN AT TIRE L, ZIRITEMERNT
ITH 2 L CRHMIiZ T > 7=

(2) 2 — 7 L iEEh & HlEE & T D iR HE e RS

A 3. (1) OFRERZFEOBLIT — & % el HEER RS
SEICELE L2 — VS E AT v B 7' —4% CTHE S &
DI ETHEIIOBRE ZRRTZNR, TA RFa—T7DERIZ
X > THA U MBS 724 S 2 OHEE ) 2T BT BN
FWAE L., ZOBGERERET 2 72 DA E L TV 72 BEE)
M2 CTNEE L, BAENZHER I 72O ICHEERED Y
A XDYEEEIT - T2

X 4 \ZPNEET 5 72 D 0 Bl
fiffEAE 2, X5 IC R LR
WHEHERERE OIS X 2 7R 4~. Z
AT AR Y B — AR pr— FRLD
M7 —nE, 2O ETFICEES
AT 5 kF D MR HEHERE X OV L v

|- Central plate

/,//Elastlc telescopic

wire

plate

Central

Initial
condition

Coil spring

Elastic plate /|

i Compress
i | condition

Pl
B

‘: i - Compress

4 FRRRHEERCIRA LR
fRiEEE

Deformation - L

:/% 0) I:Fl 9%70 Lr— ]\ ‘/G*-%ﬁ é j/l/ X (mUechanEnI\‘ ) Bending A 3
’C k‘ D , ‘5‘$Al~i1¢[ ;’f\{"ﬁ&%*%@%ﬁéb oy & D pper & Lower movement ‘it
— AT & o THME DI 5 oo T Bestefame (J S

A: Initial state

SND. REBRIEEIZBWTIIHE
BEBIAYEXT Ry 7 AN
OF—=VIZEE L, & DOEF|DAL

EREREEZDZ LT, TOREINF— 2 ZEE L. 20O [ |

B OF & U THRM O MG 2 IE S 72 & & o il
A SBIZ/R L7z, HilfRE X OGFHRIZEE S AT A
LabVIEW, Real TimeOS Z 5 = & THEEL L (K 6), Wit
O FHALIZIE PIV BHAIZ VW=,

4. WFFEEk R

(1) FB 72 PR Mt O BRI K 2 B) S &7 — o DOFEAM
X 7 \ZHERE hIE By, (X 8 (2 S T #hiE B R O EhEREAT

AR R Uiz, #4500 o b o SME M E RS O B E S 2 —
NIEE BN 1 pair D AEEERE (N, Ni= 0)ZAZFE 0 —180°43 D

IETENE A T2 180° CTUNAMEFRIRIE Ap= 40%% 5-2 7o & E\Z

FEBINHREIZ /2D, MO XS REHOFZEEDH N AL O

B: After deformation

®5 1—J LT EHERE LT HRIANKERE

Real Time OS: /0 Motor Driver

Analog I/O|| Stepping
Module || Module

6 EERMOHEREUVEHER

7=, S B EI I AT (NG, Ni=4), RN, Ni=1,2,3), BH(W., Ni= 0) T I —E DA
T CTIERBARICEMES 5 2 & TAMREIC e o 7o, B RN SR INF L BT 1% S5 bl 00 S Bh IR MR

IR &7z,
(2) =— 7 Vv iEdh 2 Bl & 3 D iR HEdER
DHEMERFE DO FEAM

#%El T 1 pair (N, N;= 0)D it 2 22 HITAL
tH 0 180°47 D IR 2 3B J& 1 44 f= 0.5Hz, f7FH
72180°ChH 2 72 & & A UUHEH R DZEAL & HEHE T 1%
a9 IT/R L. miffid. (1) THLRLEZLDIT,
MG R DN KAZ 72 o 72 & & T HEMERERE O BB IR 1R
WK, 2F 0 FRNSEBIMUDOMEICH D.
T 7 B HEMERERE 14 SR X PN AR (P S 2 E B LR
ZHIGICHUET (X 10). ZOEET T ¢ > D
BEEN I I51T D Instroke (R LDOS M) 1AL

i __-“W;QOD P

1 REAVEEEB R D BYEAZATHER (R AR 1pair)

LTRY, a0V "0 X9 N AR o HEE R
FHICEOHE I Z#ETWHDEEEZ N D.
FETHMENLEBORIEZ 5 &, £ OB EITIL ms R (0% R (S0%) R (609%) R (T0%)

FERIENE Ap. ORI LE WA T 2 A H S N

- =Ry, (40%) -~ Ry, (50%) =Ry, (60%) - R, (T0%)

75
f:' 0.04 50 —
BB S — BT D OB (AR 1R £, .
J . ARE@IFHEET 1pair (W, N=0), (DI REHRE 5 )
%5 1pair (N, Ni= 1), ()ITITH IR 2 5 1% S5 2 pair (M, N, g_w | — e | L b
=0, DDOALEIZH D T O HE 2 fik & [FERIC 2 0’0; | naed] mg
EhSH7- 2R THD. EAKIZBWNTERT | | — Fr(Ap= 40%) 7
RS OIEEBRAEAAK, BB TRLEZbOEERE "0 e e g 06 08 1_B

ELA NV ERE LY &Y KB High
Viscosity: HV)WN TOFERZR LTS, R TRINT

X9 &8 1 AHihOHEN & IRIERDOEL

W ZRUWNEBRSAFIIREVEIC T 2 DAV U A v 3 ) PSR LB S R A REIC R T2 b D TH D,



L VEEMICT — & T T 2 IIE R IR CTHOREORWEEZ W EASE Y 1A v &

MEICHET 2LENHDL EEADND.

AKHNZ I T b HEE T 231G D VT2 8y S 7 — 134k

55 EF 1 pair (Na, Ni= 0)0 B2 RS % UM AR08 Ar= |
70%, IEEEEH f=0.5Hz TR E/o L & Thotlz. |

RN T DBRED LA )V ABINGEZ TS, £0D
B S TR B EMT 2 B8 AT O KD, @ TEHEE )

ZRTOERYEEEDbRS.

Z OB E D E SRR

(272 % EUUHFRIRIE S R & < 2 21X EADHERET) 2R
L, hEWHREWIEOHEES) 278 Lo, R &

IR OGS B THRAE I BN TV D72 L
BTE DN, TOFEMRBERITIT =K ITHI 2 )
DEALEEO THEIRDT —F DRGENLETZ L H
A5,

REREITT7 L= ROWETHDH I LNEW
G 2 Pk T 5 Z L IINEETH Y, B O NIRRT
RO, a5 18R DL E e ERFERD 72
RADD o7, Lo LFEHEE ) AN IEZ R LT2sR &L
DM I\ THEE E IR TR T ORI B LS RS
TE o OHEHEREE & L TORDMEN R S vz,

FMEERM R EEORRICELSED
DOEMNZ = PN THIENTERTD
LB, ZTNOEDORRITIRSF SMAT 7 F 21—
ZIp EONLHHB TSN stk cai e &
WCEH~A 7 n< Y BICGHTESEEXD
ns.

5. ERRKimE
GgEamsa) G 1)

(O Masataka Nakabayshi, Yusuke Yamaguchi,
Wataru Yamazaki, Numerical Optimization of
Thrust Efficiency of Propulsion in Fluid
using a Fin with Variable Stiffness,

Journal of Aero Aqua Bio—mechanisms, No. 5,
Vol.1, pp.1 - 9, 2016, ZFe

raFE) Gt 4140)

O HMRERE, HFHEY, BRI —27 1ok
B 2 Bldt & U 7o SRR A M A 2 0 2 7 FRME R
R NHEE B D BT, 55 31 Bl NA A=
=7 > 7T AR T A SCHE (CD-ROM),  1D14,
2018.

@ M. Nakabayashi, N. Ito, S. Shimawaki,
Flexible propulsion mechanism in fluid
using elastic telescopic mechanism based on
pellicular of Euglena — Evaluation of fluid
force and flow field. Proceedings of the
Seventh International Symposium on Aero

Average thrust force 'y [N]
B

Average thrust force Fr[N]

Average thrust force F'y [N]

Ups Cmmm
10 PIVEHRIIC &L 2 HEMIBER Y DFRNOD
AIR1E GRES %, t/7 = 0.75)

0.015

S
=
=

0.005 -

-0.005

e
=
=

-0.015

0.015 -

0.01

0.005

-0.005 -

-0.01 |

-0.015

0.015

0.01

0.005 |

-0.005 -

-0.01

-0.015

Aqua Bio-Mechanisms (ISABMEC2018), 36 (USB-Memory),

TARIERE, OrEEMRZE, WSS,

e O -1/ps

= 05Hz
~<+10Hz  w—-... - L

| =2.0Hz .
-=-0.5Hz (HV)

35 45 55 65 75
Amplitude of comopression ratio Az, [%]
(a) N, V=20

=(0.5Hz

I <+1.0Hz

MZM

35 45 55 65 75
Amplitude of compression ratio Az, [%]
(b) /Vu, /V/ =1
35 45 55 65 75

Amplitude of compression ratio 4z, [%]

() M, H=0, 1

11 SEE R HEREAR D URFERIRIE As & THIHEESD /7

DR

(2018, 9), Tokyo, Japan.
=7 L FORY 7 VEREE LA ZBRRE T EEE b

OFURNHEERERE, o5 30 [Bl A Ao =7 ) o ViR S SR, p. 192, 2017, 12

MARIERE, PHERINZ, WRIRES, =— 27 V) ORI & B L U 7o BV & i 2 7 3k

TRARNHEERERE, 25 29 RIS F D=7 U o VREH SR U5, No. 2F34, 2017.



