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Hydro-Triggered Moto Printing: Design Methods for Movement in Water Environments
Using 3D Structures and Superhydrophobic Coatings

Shunsuke YASUMURA and Tomoko HASHIDA *

Recent advances in 4D printing and HCI suggest the potential for autonomous movement and self-assembly
over time using material properties, without electrical control. While these methods implicitly embed move-
ment patterns for specific structures, they assume a single motion type and do not necessarily consider the
explicit design of movement itself. This study focuses on generating intentional motion on the water surface.
We propose a design method that induces targeted motion in floating 3D structures by leveraging inflow and
outflow as a driving force, using structural design and superhydrophobic coatings. First, we establish the pro-
pulsion principle based on inflow and outflow. Then, we define fundamental motions such as linear movement,
rotation, and cancellation. By controlling outflow timing, we design motion transitions, enabling delayed linear
motion, delayed rotation, and meandering. Finally, we explore greater design flexibility by expanding shape
configurations and inflow control.

Keywords : Superhydrophobic, 3D printing, Three-dimensional shape, Water environment, Motion design
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(Overall shape of the solid), Z#MNEMIE L HIOHTH S
VAR % FE (Bottom area X Height of the internal volume),
ROKENE & 5 & (Hole width, Hole height), K®{7iE (Hole
position), RO TFIKOEHS (BEHNEH 25RO FIKE TOH
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Fig.1 Overview of parameters affecting Moto-printed Boat.
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Fig. 2 Basic structure utilizing outflow for motion.

S>TH- 728X 0FEHZT 5 (Fig. 1).

3.2 HENREDEE

R1IDBH70H 54T LML, PO L FRICX
> THRFE D720, VAKOER, VARKREOBUKYE, KOMEE
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(a) Straight motion

(b) Rotation

Outflow that continues until all water is gone

(c) Cancellation (d) Motion transition

Outflow that stops as the water level decline

- Motion patterns induced by water outflow reaction

Fig.3 Motion patterns designed by outflow configuration.

A side view of the shape of a ""motion transition"

Decrease in water level
due to outflow

Fig.4 Outflow stops as water level decreases.

G5, 2O [BIE D8y — ORRZ L (Motion transi-
tion) | ZEERHRE MAGHLEDL LT, BMAE X EE
BWIHLIENTED.
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4.1 Moto-printed Boat M/NT X — & 5%Et
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LD EFTEEEREG L T 5. ENENOROERIE
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ROES BRI 100mm & Lz FE0RE L Nl o REDIH
BRELH5H 15mmE L, 512, ARHNEMAKEICRE
EXB X9, HE65mm ORREERE Lz Bl E ik
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Fig.5 Customizable 3D modeling system for designing outflow

patterns.
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ZF O, B2 EAEE 160°~170° D 2 X T U H R T —
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Dry” % VARGWICHA L CBEAM T 2179, KBENL, K
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ko2 b DRV D, RO AN E —ETFTRIZED 2
ZETATV, KENSH LT R IRE TR ICT2EES 2 & T
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14 BNENEZ-COFRE

VARER Y AT L= HWTHIELZ, TEAE (Straight mo-
tion) J, [ #% (Rotation) ], [#Ji## L (Cancellation)] 12 & %
& DNy — L ORHEILEMAG DR [HEZ 21 TH S
DA (Delayed straight motion) |, [HE[E % Z21F TH 5 D]
#iz (Delayed rotation) ], M5O RHIZ X 5 k1T (Zig-
zag) ] OB E ZWHIT A VAREIRE, ZOFEERE R % FiH
T 5. F72, DB VAKICEHIT 5 ROMEIZG2)RT SO
® Fig. 6 \IR L7z %5 % BARICIRET 54, VAROBETEIC
xt L CRBRI 2 A7 i BIR DO ROMA G bETHIUL, Bk 5
T fE ICRo 3L b UBROAEZEHRTE 5.

7THFHE 1 FOMBEIKETE THARIITON D EH S OREH
I, 2ODTEARD SR TPATICHEKR 24T ) R &5 L 72
[Fig.6(a)]. ZNZFIRIL /-3 4k [Fig.6(b)] #FTKITK

T

z

&
000 i
- W 2

Outflow that continues until all water is gone

Outflow that stops as the water level decline

Fig.6 Motion design, fabricated model, and its movement.

AR, @I TEREELZ2E A, RIZEME L 72 [Fig. 6
(c)]. Dk, BHORTORIRIE, FEHEL 2RO AK
NOKD %L 2B EFTOMELY LMo L0, ikl
WD) H—LOHRIIDT 2RI — A —OEE 1/6s T &I
HT7uvy ML, BMTORWVWELDTHS.

WIZ, 2, 5, 8, 11 HOMEIHE T THIARI IO S ES
DR AT, 4 DDOTHEM S R TRIRICHEK 2179 B %
A L7z [Fig.6(d)]. ZZAM L7234k [Fig.6(e)] T
[l | #FHWTEL L 2R L [Fig 6(f)].

T2, BEEOBRICMA, 1, 5FOME &P THAKD L
FLRERT, EROMHEEZI BT LKL
[Fig.6(g)]. ZN&EMR L7234k [Fig.6(h)] CTHEKBE X
DAL ZZFTHhOEETLIH XL RBITE L 2 & 2R
L7z [Fig.6(i)].

AR CEEEORRICIZ, 1, 4, 7, 10 FOME &P THE
KAIEE B R &EZT, FROHEAEZFTHET L 9 IRFH L7
[Fig.6(j)]. ZNzFIRI L7234k [Fig.6(k)] 12X Y HE/KEd
BEDDLRHZ 2RI CALNIET2EE2RBTELrI L%
TR L7 [Fig.6(1)].

KBNS E LT, 7, 9FOMEITHRKE T THEK
BT s R, 5, 11 FOMEIEP TR IET 5 R %%
O, BEFEPTY )DL L) ICHKEI L [Fig6(m)]. £
N&ER L7232k [Fig.6(n)] 12X 0, 9FICL Z 14, 11
FICL @B TR L A4M0E, 7THE S5FHEOMAGDLEIZX
BIERNOIGE Z/EMMEAE R ), LMY 25 HM#EATZD
L, KA 6L ITOB X 2 RIITE L 2 L 2R
L7 [Fig.6(0)].
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Table 1 Dimensions, inner and outer volumes, and weight of each Moto-printed boat. Both inner

and outer volumes were calculated based on the external dimensions of the container.

Shape (Motion Pattern) Inner Volume (mm®) Outer Volume (mm®)  Weight (g)
Straight motion 1.66 x 10° 275%10° 36.8
Rotation 1.66 x 10 275%10° 36.6
Delayed straight motion 1.65%10° 2.75x10° 36.8
Delayed rotation 1.64x10° 2.75x10° 38.6
Zigzag 1.65%x10° 275%10° 371
5. B {k = B H225 100 mm DLT OHEPHNIZINE > T aaERE s L.
) BETIREFEO [HA] [HEE] & CHECHHEEZ 1T 72,
5.1 EEBIE — 05T A7) 12D W TiE, ARDSETAE L 2 A 5 nldis % 17

PE LT VARD R L CEMET 2%, B X OVAREI O
AAEMED T & DTG 2 BRI OVWTHLERIZT 5720,
Pk, [, B2 220 T S Otk & iz, IEfTEIT) 2k
B L7725 2OVARERENIHL, BEARIMTE Liewvs
fE(BUF, R & iR aemmic A L L 2240 (LT,
BRI T) TRANZIT-2BOB X 2B L, L.

VARDF I TRC 4] THRARZ2WY T, ThZNOEL I
Table 1 (2785, KOWEOE NI L o THIADOE S 12134
BHEL, B IEEE LT WREErH L Lns, ESEHE
HCRER L7, F7o, Ao LB, PLABIETEIR L 7257
PR Befil 11X IR TR 45°, BRI L% T 160°~170° TH
5. RBRENIFE CIBIRISH LTS 325 mm X 220 mm O X 7
YL ANy MIKERS0mm OKERS 72D DEHVS. K
DATNI VAR ZE —FETFTRIZED H Z LTI, KNI LT
A RIRECTHP T 2T e THXPRET S, £/,
FTNOFEBRIIBWTD, ATTHEREHERICAY»E 2 & T
KERFEZEDDDIIED EEL, TV AOEES 27| SRS
L, KD 4 3 0 7R BE B2 5 2 5 WREED D 5.
AT, TOLIBRKOES XPVAEMLET LD, il
N7 EOMBEZETERNICEZ LEZOND. ZOKDIES
EOwBET—5 FHLIF 5 FHAbT 570, FFEBTIEN—
FMFTL0BMORITEIT, BIERMER L. BIfEOMRT %
BART 27200, EEEEY LEPOHEL, Ky—h—ofiE
#1/6s &l TTay M LAZEIGRZ/ER L. RIS, Th
ZENOFEO/Y — T [%E LBIE] owst i,
e L7271 v b i % o Tl & %2 E v % 2554 L 7.

[EAE] 2DV TIE, W\ EREER/AZRSICTL, T
To7ay bERZEOMGH S 100 mm LT O FEEPI I E
DA RE LB ek L7z

[z ] 22w T, VfRRLEBEOHLE L, ¥ —h—
B TH 5 500 mm DR & & BN 2 PG o P L g0 7.
BEOH M TAROPE—FH S L ICEHL, TRTOSay b
HAZOHMBLEA S 100 m LT OREENICILE 2 Y& % %%
L7z8fEs Bk L7z

(R A2 227 Ch 0Bl [REZ 22T somig] <
&, FHENOKMAT Y, PEKAERTIEE 2 7 5 KA
N ozl iniBcoB & 288 Lz milcldfkL <
WRIZEEMME L TWELD, T XTOTHy ML

W, ZONEEFIASEP TH AN ) Brb b 2 & 2 HHOD)
fELLTWwAh. L7eh > T, BaHNOKMATHY, Pikasiz
HTIEE 2R ORMPTEN L 2o 72T T, B X ohlix
TS E) ) Beb o 7B 2 e Lz sk Lz &
B, TOFHIE 7Ty bEEBBCHERT A HEICL > T o 7.

52 MEREER

521 [BE] OXEBREREEE

MEE] 122w, RINLTIE 10 EH 10 B E b %E L&D
572, WTNOBELHMHENZLL, L LOKDOES E0ig%
ERELZT, EAMICH 2 K0 5SROI ITTbTIC
FEAELOAAOEERO X 9 Zlfh 25| &8 L7z B
TCIEZ 10 M 10 |l & b % L7z BifEx iR c & 72, 4B, &
BT T E L 89.6 mm/s TH - 7z

522 [HE] OXBREREEE

[ ] (22w, RINLTL10 | 10 [\l & 258 L 7-8fE
FHERTE 7, BWEANMT T 10T RTICBWTELE L
AR TE 2. B, VAR A E L RN LT 1231
deg/s, HBEEKINT. T 1946 deg/s TH o7z, KT &ilBIEEK
MLTOMMEDE L, VARKI OF IR BREEK L
DFHHRDEEDSHL 225 Z ENERTHLEEZOND.

523 [BEZZEITHLODEE] ORBRERELEE

(B %2 22 TH S O] 22T, RIMLTIE (]
FREIC 10 |l 10 B3 RTOBAITB VRO E, 710
B E BICREL LD o72. WTFNOBAEDWHENZLL, K
DTS XOWBERELZF 22 LT, EANKRIZH SR>
OHKREIMW Y BAEL, EAEDLLPNORERSEE L2 %
AHND.
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