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Design and Development of a flat, highly flexible underwater soft robot

mimicking the invertebrate flatworm
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[Abstract]

This paper introduces the development of an underwater soft robot that mimics the physical characteristics of the
invertebrate flatworm. The flatworm possesses highly flexible and undulating outer edge of its body enables it to swim
freely at high speed in water. The robot developed in our work consists of IPMC as a smart actuator to drive the body,
flexible electrodes as the driving circuit for the actuator, and PDMS made body. In this research, an extremely flat robot
of 90 mm long, 50 mm wide, and 6 mm thick is realized. This paper details the fabrication method of IPMC and the robot.
Keywords: flatworm, underwater soft robot, biomimetics, IPMC, flexible electrode
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FIT, AR TIX, ¥EREMET 7 F 2= —# TS IPMC (Ionic Polymer Metal Composite), BREh[E]ES &7 A HE M
TR, TR NRT &L T D PDMS 728 1A G D2 LT, BT L2 O F IRIYRHE AR L 7-M36 TR SEho
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%. ZTT, AR TIHE R TR RELE TEJE I 23 AT RE7Ze IPMC Z8UEL, e 7 L BInRy b7 7
Faz—HELTHEHATIZEELT.

IPMC 1Z 1 1R EDZ, A4 AR (AAFZE Tl Nafion117 ZfdiH) O Wi 12 &4 8 23 Ay S - ¢,
JEF 180 u mBEDERDT /F 2x—2Ths. HBEMIZEELFINTDIE TAA L AZHFENE DK T
AT ISR~ ZF DAL, R O MM & B OUGHE 2L > TR T 2R B CTh 5. BB e 2N
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Step.3  Autocatalytic Plating 2¢c

22 ESLIEORYMEE
221 ARYEDEELEREN A&

AWFZE TR LI-aR v ME PDMS, $--2—AK, IPMC, RUAL T4 T 4V I, TLR TN —T bR E
n, ¥ 3R T I EEEE A TS, e Ry hORT AT FRRIELF | SRVIRE NS PDMS 24 L TR,
T PDMS AT 4 D503 IO PDMS AT 4 L0HESHAIC 8 mm, BEFAINC 4 mm 7217 KEWV. E RO PDMS
T747c7h/cz}wﬁ%ﬁ 1% IPMC BRE)H OfEMEEMRE 72 DERAN—ARPRBAT S TND. FEMEEMROY D IPMC
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LowiT@ﬁa%Ta’rélzﬁ#ﬁﬁ@@ﬁm ZEBYa— e llTA, RO PDMS ARF 4[RO AR 7 45 & 2R,
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FERRRIAL T 407 )V DEBEVAHT, BT A0 DIEDO MG Z IR T,
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1. Internal structure of IPMC
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2. Fabrication process of IPMC :

(a) Pretreatment (b) Impregnation—Reduction Plating (c) Autocatalytic Plating (d) Ion Exchange
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4. Successive photographs that show the bending of an IPMC sample (—5 V~+5V, 0.5 Hz)

(a)Top view

———

(b)Side view (c)Inclined view

5. Picture of flatworm robot developed in our work

TLXL TN —T NIRRT AR T DI TREESIL, TNEIN E O PDMS R T ¢ 2% 1l O B s 2
RNCEG SN TS, BRI EREFE ST X T A —T7 V2B L THHETEEBRICEIINS AR E 7>
TEY, BN BARSNZ PDMS AT 4T E T35 IPMC 2420 A T2 & T IPMC IZEENHIINEND.

222 ORYEDEEFE

2Ry hOBWEIIRELT T, LLFIRLIZ 4 DO 7 e 'R 3T 65,

(OPDMS RT 1 DEUE

PDMS (ZIZ AFHEIEE L, V7 MRy My C— I FHE 4% Dow Coring Sylgard 184 Zffi L 7-.
PDMS O EHFILAHLFNE 10:1 DEISTE AL, 22 MM DZF 237 )L 2% PDMS O 1/40 O'EF &4 72HRE
BbBEDHZET, KEBENELLARDIO KMo PDMS Z LT, &IZ, BEZERIEIZIONENICE ENH 245
RV =Oh, BUHLiAA 75°CTC 2 RN se i b E 7z, M L72BUTE A 3 mm DT 7V &L —H
— R —IZEVaRy NOIKIZ Y LTEb D Th 5.

Q@PDMS AT A RIE~DHME BB DB

FPERA—RRD PDMS RF 4 ~DIEEREZ EDHZEE HBEL T, PDMS RF 4 EEIZH /1A 50 W Dlgs5
TIRA~% 30 BRI T 2% 2 \lEL7z. RIZ, RISz~ A27 &AL, O TRIELZ
PDMS R T AR IZIRAN—ANEBA LT, I, RAN—ANREA I 2 PDMS % 110°CC 30 4252 L
THRAR—ANERERE S, PDMS % AhiE A Ik Lz,

Q@PDMS AT 4R H _EITHEB IS L OEE JE DR

@THRYELZ PDMS AT A DFEMEBEMRIZ OV T, IPMC IZEEAEINT A0 DO EMEE 7L X TN r—T
IS EFTE, T— 7AW T~AZ LT, IR, v A% LIZAR T A R AN ARAE{L PDMS %3 FL, 1000 rpm T
60 FPIAE L a—haATir oz, ~ AV ERELIZDD, 65°CT 35 M52 L TPDMS DJg &k EL7-. ZDLx,

-107 -



Conference on 4D and Functional Fabrication 2022
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TORT 420 E DRI, KIZ, 150°CT 15 3 RMET 58T, i LIRIE Th o7 PDMS O EA S22 iR
k&, ETFTORT 285 LZ. $7- ERROEEDREIZ, BT PDMS AT ADOESTROE NV P VT
T8 PDMS Zili, RIS 528 TR Y MK I AN BE OB TRN LD KORANZH LT L.
WZIZ, BT LV OIMNEIRZ LT D720 DRVA L T 47 4L 2% IPMCIZBEAHT T, oy hOSUWERTE T 32,
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% 2 HIRUTEFIETRYELZ IPMC 1IZ2WTC, REEBE~ A/ 0Aa—7 TR LICEZA, RilZhiz>T
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AAFFETIE, IPMC ORUWEICRR T 5EEHIT, BT LT D IR TR D Flk ARy o /e A ST S
WHZENTE . EIN2 AL LTI, ABFZE TR LRy hOZNE N0 IPMC &2 IR IS KO R KT
ZHWTHAET 52T, EZ L DOI720 R0 E DK EED FBLA B 1. 2612, ZEho IPMC IZHINT
HEEDRESOMFAFEE /RFGA—Z LU TE(LEE T ETrRy DBk 1A EHAT 52T, vRy ok D3 EE
BXOHHHEINCE 57 —2OHE4 B3, 72, Ry RO ER IPMC OBAEZBLSERNE, FHD/3T5
A= PR NOBEKIZE DI B % KT T FH A2 b A k70T — 2 E7205%. BRI BAEE LTI, i
INR R T B X ORI R ST Ry MRS #5228 T, N TR BB 2 Fk CE ARy O FEE A B9
Fiz, /N OETEIZL DR Y NEAETOKFEREE T COE=XV 708/ NMULIZE BN TORT Y7 T
Ny RBELE 2 B,
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