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[Abstract]

In this study, we made a metamaterial that can suppress vibration transmission with continuous carbon fiber, and the
effect of the amount of fiber on the specific stiffness and vibration characteristics of the structure was investigated. In
order to realize vibration transmission suppression, we used a bandgap generation system called Inertial Amplification
that uses antiresonance. By appropriately selecting the amount of continuous carbon fibers, it is possible to achieve both
high specific stiffness and a wide bandgap. Furthermore, the specific stiffness and bandgap width were improved by using

continuous carbon fiber compared to when nylon containing short carbon fiber was used as the material.

Keywords:metamaterial, carbon fiber, vibration attenuation, bandgap, 3D printing
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1. S. Taniker, C. Yilmaz, “Design analysis and
experimental investigation of three—dimensional
structures with inertial amplification induced

vibration stop bands”, International Journal of
Solids and Structures, (2015), pp.1-10

M. Aberg and P. Gudmundson, “The usage of
standard finite element codes for computation of
dispersion relations in materials with periodic
microstructure”, Acoustical Society of America,
vol. 109, 221907(2016), pp.1-4
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Visualizing 3D printable architected structures in Ashby map
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Taisuke Okazaki!, Yoshihiro Asano?, Tomoko Sakurai?, Masashi Nakatani?, Hiroya Tanaka’
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!Graduate School of Media and Governance, Keio University,
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ABFFETIE FDM/SLA HRDIDT Vo 2 LD~ T VT VA ANTT T ARG O ) %470 Ashby map &FFIE
MO BHEA R E D LR I DA AAT o 72, Bl IE DR G AR Z T AN AT EZ T ZE T, MEHRFET
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(BN ARG &2 3R T 00 DL L THIfFE LD,

F—T—F:3D, TTUTIL, FT4RHEE, #MAHE

[Abstract]

In this research, FDM/SLA 3D printers and multiple materials were used to output lattice structures and create
comparative maps of material mechanical properties, called Ashby maps. The mechanical properties that cannot be
reproduced by the material properties were realized by changing the design variables of the geometric structure
parametrically. The mechanical properties that can be output by the Ashby map were visualized by mapping the
measurement results for each geometric structure and material.

These findings show that the mechanical properties of a lattice structure can be changed by designing it, which is
expected to reduce the amount of trial and error and assist the designer in quickly selecting an architechted structure with
arbitrary mechanical properties close to the final output.

Keywords:3D, material, lattice structure, mechanical characteristics,
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Reinforced by Unidirectional Carbon Fiber Ribs.
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Mechanical property optimization of atom-mimetic bistable metamaterial by finite element method

8oL T B AT NR OME—ER
Sosuke KANEGAE!, Masayuki OKUGAWA!, Yuichiro KOIZUMI!

'KBRKE KERTFHHER

!Graduate school of engineering, Osaka University

[Extended Abstract]
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(2019).
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Functional decorative printing with on-demand melt thermal transfer printer

#mAR BX ED M K FE BE
Kenta SUZUKI , Masahito WATANABE , Hiroshi KOBAYASHI , Hirotoshi TERAO
FIVTRTZ LAkt
Alps Alpine Co., Ltd.
(Z#9]
BURGEMATE AL, SEE AL ELZET, KAFOMBOBIITMZ T, 27 VAR RS

Y F T HSAAZDRIEEAT > TG, BURTEIRIORZ A 72 A 7 LW RGN LT, mkEE T a3

HZEZXY, VTR MI R A FBLL CWND. £, AU 708, HoBEMEN B W2, AT L ARHITHIED
FTIENTED, HICBRE TlY, &BRARSEEHRTEL20, &B-KA/ 77— a0l EITITEN L2
KBGO AR THD. ZOIDTHE 4 It Re A R T BA BRI T 228 T, U7V EFRIT N Z EE TEDHII7H L
UM IMIiE 2 RE > 7o A7 S A A% B L T,

F——F:ZERE R, A2PVRY, fEE, MER

[Abstract]

Combining on-demand thermal transfer technology with the capacitive sensor, we are developing a touch device
capable of stealth illuminating in addition to reproducing the tactile sensation of wood grain. Taking advantage of the
characteristics of dry thin film ink of thermal transfer printing, a realistic texture feeling is reproduced by printing
multilayer with high precision. In addition, since the ink is thin and has good light transmission, stealth illumination is
possible. Further, in the thermal transfer, since the metal vapor deposition ink can be printed, a seamless expression such
as a metal-grain gradation is possible. We aim at functional decorative printing with increased added value by layering
printing inks with various functions.

Keywords: thermal transfer print, decorative print, ink-ribbon, tactile sense, uneven print
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Applicability of texture generation by applying physical vibration to 3D printer
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[Abstract]

To create fine textures that are difficult to achieve with G-Code control, this research involves physically vibrating the
heat bed by playing sound during printing through exciter installed in the heat bed of a 3D printer. The purpose of this
research is to discover and apply functional and aesthetic properties, such as water repellency by textures generated from
vibrations and control of optical properties, such as frosting of transparent resins like frosted glass. We are also
experimenting to mimic physical vibrations with the G-Code to verify the difference between the G-Code and physical
vibrations.

Keywords : FFF, vibration, texture, G-Code
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Graftin’ Craftin: EERKEHENTERAWHBROERBETOR
IRFNE S R DIRFE R BELR B RIBIB D AR FIE
Graftin' Craftin': A Fabrication Technique inspired by Plant Grafting and Wiring for Production

of Harvestable Automata

:Fﬁ _F-’.,{:i'_‘ 1, *%EEHH? 1
Kazuma CHIBA1, Tomoko HASHIDA
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[Abstract]

Plant grafting is a horticultural technique which combines two or more branches into a single tree. In general, this is
used for breeding improvement, however, there are attempts to fabricate furniture such as a chair using grafting as a
joining technology. Conventionally, grafting enabled constructing static artifacts, on the other hand, fabricating a dynamic
machinery or automata through grafting is attempted in this research. Therefore, our approach aims to realize building a
passive dynamic walking automaton through bending branches with wires and grafting to manipulate trees' shape. As the
result, the plant-based passive walker was able to descend a slope with 15 degree of inclination.

Keywords: Sustainability, grafting, wiring, karakuri, passive walker
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RepRap N—ZX® 3D 7—F T 2D RAF
Development of a RepRap-based 3D Food Printer
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[Abstract]

The 3D printing technology is expected to be applied to many fields, and the food processing field is not an
exception. The purpose of this research is to develop an open source and low-cost 3D printer for foods using
"Chocolate" as a material. We attached a syringe to the open source (Rep-Rap) 3D printer to eject the material and
adjusted the amount of ejected material. In order to stack the chocolate materials, it is necessary to solidify the material
immediately after ejection. We examined a cooling method of ejected chocolate. For effective cooling we tested to print
multiple objects simultaneously.

Keywords: Food 3D Printer,open-source,chocolate,low cost
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“High accuracy printing of high viscosity food
materials by using Electrostatic Ink Jet 3D
printer”(2016)
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OP-08

RepRap SWIM-ER Z R \=7 ILE&RY T IL
Soft food samples printed with Gel 3D printer “RepRap SWIM-ER”
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NI B2 IE B2 EN R E OBE® FH E-
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Jun OGAWA?, Masaru KAWAKAMI?, Hidemitsu FURUKAWA?, Zhongkui WANG?, Shinichi HIRAI*
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2 Graduate School of Science and Engineering, ~ Yamagata University
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AHFZETIX, 3D ZATVZEHWT, BAMAHFFT 2R Y M OFEITAH A7, LoV RMT T
NOEEFIELZRE TS, 3D STV 2342 OBFEECHRZEE I, AV THELT 57 VE / ~—IRD
R ZSEAMRL — — TR, EELCEIL T2 RNOLDOTHS. BpD2MEOMEEL S 7 V2T, i
P TN OERER LT, LRI A D B2 {528 T, B 7 VORI E ISR L.
FIENENDT VIEY O EKRFERE, JEMERBREITV, BT VO HEZ T~
F—IJ—F:BRYUTI, D HILTA

[Abstract]

In this study, we develop a method to form a soft food sample using a gel 3D printer, which is useful for the
development of an industrial robot to hold food. The 3D gel printer, developed in our laboratory, uses an ultraviolet
laser to irradiate and scan the surface of a gel monomer solution, which is hardened by ultraviolet light. Gels with two
different compositions were used to shape food samples. By adjusting the molding speed and the amount of the UV
absorber, we succeeded in producing fine food samples.  In addition, the physical properties of the gels were
investigated by measuring the moisture content of each gel and conducting a compression test.

Keywords: Food samples, 3D gel printer

1. [ZLoIZ 2. RepRap SWIM-ER IZ&2&RF %

A, BHARZIZIUOETHEHEEICBNT, FEA
1 OWTLEN, R @ L TorRy hoBASEN
HEATWD, ZOFT, FEEEH R YMNE, X2
SERRMFED D IONZEDNL, D3 ik FFob D%
WHT=, TNHEEFT DR NE RSN TS, [1]
L LB SITIR, BMEC RERARE —MErndbo L,
FEBROT-NCRE O ANHAZ L8NG, Uk
REDDOBRIZBNT, AYORFHENGELTHROIZE
WERENZ . LR TT A ENTRIR, Btk
Ffo = b 7V R, HEMERSEUET S

BNk BILE. Fb0 L, MOEBEORLDOE Fig. 1 Gel 3D Printer “RepRap SWIM-ER”
AR CELMBIOOEHSELT, @7 A EO

ARSI TS, 22T, Hx I3 AR/ L m3 "RepRap SWIM-ER” & %, "Replicating Rapid
WRICIEGIC LT, BT TN ORUYELH I, & prototype” &” Soft and Wet Intelligent Matter Easy
WO ST ST TR 5. Realizer” Dl Té%. RepRap 13, W 7 IAF v /%
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Table 1 Composition of ICN gel

Monomer Polymer Cross—linker Initiator Absorber
[Mol/L] [Mol/L] [Mol/L] [Mol/L] [wt%]
DMAAm HPC Karenz TPO AS-150
4.0 2.0x 107 2.0x 107 1.0x 107 1.0x 10"
Table 2 Composition of PDN gel
1st gel 2nd gel
Monomer Cross—linker Initiator Monomer Cross—linker Initiator Absorber
[Mol/L] [Mol/L] [Mol/L] [Mol/L] [Mol/L] [Mol/L] [wt%]
NaAMPS MBAA a —keto DMAAm MBAA a —keto AS-150
1.0 9.0x 107 1.0x 107 3.5 1.8x107 7.0x 107 1.0x 10"

MRS 24— =2 O 3D TV A DB CThHD
M, ARIEE D RepRap D 3D 7V X _R— AL T
DIeDIZZDOAFFEIMT B, SWIM-ER 13114758
ETHEINTZIDT LTV AZDAFRTHY, I
\ZRVIL 280G, Wi k357 VE /)~ — RO E %,
O — W — RS, EETHIET 3 RokEEE
BT %, BAEHIDT VT )~ — IR OMAIZ LD, #Hx
TR D T N EET T HIEN TS, 1 1Z RepRap
SWIM-ER O4MBl A7~

ARZEHRCIE ICN (Inter—Crosslinking Network
structure)’7 /L, PDN (Particle Double Network) %7 /LD
TREOSNVER G ZOBBELT, ZRHDOF L
M EHZATER D RepRap SWIM-ER 0 HififiZe 3D €5 /L
DIEE AIRE THDHZENBBLINITIFILTNDD, P
HIeBT0, BAMOERITHE LI B Ch 50 % FAR
ODLMLIINGH DL THSH. ICN 7 X, BEDE S 1
DHAZEMETHZET 3 W OM B ZTERL TWD.
PDN 7 /vid, #E<THEV &5 T 7 /L OFERINIZ, 5
PWNTIVERER T D@ 0 T B ADIALTE Ry N — %
JERL T,

KU ICN ZF VO Z RS . £/~—&LT
DMAAm (N, ADimethyl acrylamide), IR <—&,L T
HPC(Hydroxypropyl Cellulose), ZEF&HIL LT
KarenzMOI-EG(2-(2-methacryloyloxyethyloxy)
ethylisocyanate), Y& E & B#EAIEL TR 405 nm (2
WV 245> TPO(Diphenyl(2, 4, 6-trimethyl benzoyl)
phosphine Oxide), FIIl¥E 1] EoD7=6 DRI &L T
AS-150(Benzenesulfonic acid, 2, 2’-(1, 2—ethenediyl)
bis[5-[4-methoxy—6-(phenylamino)-1, 3, 5-triazin—2—
ylJamino]-, sodium salt (1:2) ), k&K Z(H AL 7.

# 212 PDN Z VO E R T T D/ ~—EHK
NaAMPS (2-Acrylamido—2-methyl-1-propanesulfonic
acid sodium salt solution ), ZEf&AIEL T MBAA (I,

N -methylene—bisacrylamide), BRAEANIZ o —keto( o —
ketoglutaric Acid) Z A5, LN ILDTE )~ —
W OAARE DMAAm, ZRiEHIEL T MBAA, BHAAA
ELT TPO, WRINAI AS150, A5HRIK A4 L.
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Fig. 2 Food formed samples by RepRap SWIM-ER
Octopus leg, Jellyfish)

(Prawn,
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WEW DR 515 E U TE KR BE &EAE R BR 2
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JEAEFRERCIE, &KRREREFREEO ML ICN
7V, PDNZ L CERZN 0 2iER L, 115k
B (B ERUERT AGS-X) 2 WG, I, iM% o
FVEREO ERERBRZSE T ofT o7, YU S EEE
NENRDT%, ENOOFEEIfEEZFEREL TRALE.

4, HERRUER

FTWDICTY, ik, 7747 O3FEHO R Rk
FNEER L. TN ICN TERRL7ZH DX 2 (2
R 2 OEKNRT LT EET RO i
ERHBTHIENTEN, K 2 ORI THaE
W O R R DA 2 M A S > THWDHZEN 3
WICETE DS A FiF TR0, EIRIZ (BN 2,
7 BT EiiE 52T, WA ENWIZERT5
ZENTE. 2 ODERNIRTZT7 OWERTIE, L
FpZe 5 OV gl TS & M T OIS TR HES 2 A IS
ZEMHBDEARD, W 0 VRN R E i %
TAHZLTEEA T REIC /257, PDN Z L& HWTRIT
TR A ETE LT 5EY, ICN Z L&k L REEDEH
FERNGONT T, MEHZEAHED I L OMELIC
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Table 3 Breaking load and Young's modulus

ICN gel
Sample name Breaking Breaking Strain[-] Young’s modulus[kPa]
Stress[MPa]
Unswelled gel - - 12. 8612. 96
Swelled gel 0.28%0. 07 0. 83%0. 08 4.24=%1. 47
PDN gel
Sample name Breaking Breaking Strain[-] Young’s modulus[kPa]
Stress[MPa]
Unswelled gel 0.24 £0.05 0.58 £0.22 79. 29 £59. 60
Swelled gel 0.16 £0.03 0.55 £0.23 25.36 *=13. 63
0.4 —— Unswelled ICN Gel 0.4 —— Unswelled PDM Gel
—— Swelled ICH Gel —— Swelled PDN Gel
o 0.3F 0.3F
o o
2 =
o 02F ~02+
1%} Liz)
o o
&» 01 & 01t
0.0 T I I 0.0 I 1 ! !
00 02 04 06 08 10 00 02 04 06 08 10
Stress [-] Stress [-]

Fig. 3 Compression test results

RepRap SWIM-ER Ti&EfEEi172 ICN, PDN 7 /LD 7K
R, FHFH 98.8, 92. 9% Thol-. Wb
GIKFEARFFD, ICN Z L5 PDN Z L L0 Gk BN &
W ENRFERENTZ. K312 RepRap-SWIMER TiEE
L7z ICN, PDN 7 /Lo kst o rL, & 3 IZ+E
B BELN =& 7 VR O WIS, Yo 7R
Z7R~9. ICN L% PDN (T E WY 73R 2R LT
WD, EWTREE DS &<, DD WT L THLHI LN D
7%, £72 ICN, PDN Z/LWF BN TS, M % O
TR 73, s 2R U, i RTO ICN
TNETEYE, FEEORERF THD 1000 N THHE
L Chir S LN TERN 0T,
5. #Em
BRICHEEZEROEREZ3D F LT
%”RepRap SWIM-ER” % IVNTHT 72, @1 8 ok
INAI DTN ETLE ORISR ATRE T 228 T, &%
FBEOR EXERII, =8, X3, 777 DIERITK
IhL7z. 3D 7Y RL7z ICN, PDN # /L o>& KSR E &
JERERRBRZATV, BAMZ D7 L 60<, 90% 2L E
KOG ELZ ENHERESNTZ. 72 ICN Z oD 7R
PDN 7V XD <T, LR ORBZ LD 5Tz,
LSBITEBREORLOYEZRIEL, &KESOTY
TR WIS E O B Z&EEKT HZET, RepRap
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(July 3, 2017)
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(Retrieved on September 17, 2020)
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Utilization of food 3D printer for substitutional food
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! Faculty of Engineering, Yamagata University
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HRE—DENZE ST, BREOAEMPLIM NI A TORR N DN oT. NI —DBEFHHT LT
ZOBBRITMALNLD, M HOZEENZFENHY, EENIETERNIEN S oTe, FEEOPL LS
T, 7yF— /O BELHEETHLI LD o7z,

F—T—F:3D 7—KTYoR—, arax/\E—, Jyx— NE—

[Abstract]

In this study, the cookie dough containing powdered edible crickets was molded by a screw-type extrusion 3D food
printer, and the shapes of the 3D printed cookie were evaluated. As a result, it was found that, in the preparation of the
cookie dough, depending on the amount of butter added, oily fluid oozes out of the dough after it has been printed.
Although this phenomenon can be suppressed by decreasing the amount of butter, it was found that the dough does not
behave properly due to the behavior of the dough. We found that in addition to the printing conditions, composition of
the dough was also important.

Keywords: 3D food printer, cricket powder, cookies, butter
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[1] Food Chemistry volume 311 “Edible insects: An
alternative of nutritional, functional and bioactive
compounds”,
https://www.sciencedirect.com/science/article/pi
i/51466856419308574 (Retrieved on September 17,
2020)
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Application of Functgraph and consideration of function generation
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[Abstract]

We have been developing Functgraph, a system using actuators installed in 3D printers to print, de-support, assemble
and actuate parts on a build plate without human intervention. The system has showed a possibility of 3D printer as a
function generator. However, there had only been limited examples of applications, so more advanced applications were
needed to be considered. In this paper, we made a sandwich manufacturing device as a more advanced application example
with Functgraph and considered the effectivity of Functgraph based on this application prototype.

Keywords: 3D printing, Fabrication, FDM 3D Printer, Robotics

1. [ZUHIC

B fiEfEg HFR(EDM)3D U ZE, XYZ D3l
FNENTE—HEFFONYRINST 4T A M YRR
LTHLHL T V=N e fllE 35, Fxlk, 3D 7Y
VAR SN TCWDBT IV F a2 EFIHL, AT
ABEFTIZAT P e TV DR —RNgZE, flA
SNTBLXOE AR L —h ETCOT/F 2 — e FEH
45 Functgraph ZHF7EL CWA[1][2]. A3k, 3D 7V
IV TBDETOEELLCRIHT58, K ,

N 17 - " % <+ N - = .o}
DA L. —F, ChETRLET 7Y r—y  ORTRE /W SoSUOMNERELCTY IRV
SRR B, KFECAERTED CEAVEE | FCOMTZAHTAD
ﬁE@COU\T®§%§%ﬁ§K+§?VC&)O7J‘C Tﬂ&cou\‘(%ﬁﬁ‘ﬁz"/@@fcﬁb ‘ﬁ%%?ﬁﬁ%ofc.

FTARWFZE T, RFPEOHE R B A S DI
WHEDIZT IV —av B RHTH. AT, K
FEERNTYH RS TF EARDT 7V — a3k
L, &5t 5 ECAUDRKIZIARICL, YA ERD
72 EORERED FEBIEIZ DWW THE LT 5.

3. HURAYFMIERBEOERERE
31 IR DIERERTE

AAF5EClE Functgraph O 7 7V r—a LT
KA TFINTARREZRIET S, 4Bl o RAyTF
INTAERR ARG LD, NOEFEEL TR
BRIEMECTHY, BFITHE AR A RRIEBE D= Th
5. YURAyTFIXZOHFTY, HlHCTRODRE,
BHMOHBASROEIAMARLNOIRELZ. S EOY
RAYTFIINLEEPINE 2D /R THEEA, FEIT2
DY T BN T AR I729.
32. YYRMUFMIEENE

Functgraph O FEIZEEDE, TR 7 = 7O EUT
AIREIZL7= 3D U4 BT, HE AR LIZm R
IRERNT, PURAyTF N T T 572005 H
2AERT S, KA E ARSI RAy T I T ER

2. Functgraph EFNiERE

Functgraph &i%, 3D ZU 2NN H A=A T =7
RIS TN T 7 F 22— 9528 T, Bk 7atie
T HZEZFIRRICLIEIZE Th D, RFIET YR
WZT HyTF AR, fASLTRT 7F 2= —h
ZARRIC T AT DU R T 2 752 L2 DS DD T
VRRIEZREL, 3507 TV r—arEidEL-.
UL, BYELT=7 7V — 92 Tld Functgraph O7A]
BEMEZ IR T ZENTET, IRETIEOME R

-37 -



Conference on 4D and Functional Fabrication 2020

X 2 ﬁﬁ’&t JH,T'&

BThsd. ZZITH20 L1, FrEDLATIZ Y,
XWINEREE TS, FOBRITRONEFIZEEL,
KA F OIMTAKETT.

1, NZ—HEW, BRI E <

2 NIE—HEY, 7D Flcods

3, XWHVEIHEIIZL, NLAD_LIZDRES

4, ok LED, 29H0D_EIzowS

5, 43285

Lo TEOFCTIGET 2 B ZRF OB EE T4 AE
ELTHEAD. 1&21X188)), 3&51XM8)5), 4 1%/HE
15 (DED) | O3 DDOMEREIZL > TH U RA T M58
T%. RICHEBE THLX R INEZIIA T V= MIED
DIl 2 (ZFREHT DD B D.
33 ICFAXMRDFETEE

KA. THDWIFINDLE NN B ENEIESTAT D
TURTT 2N, EPINEY R TF BTN E NS
BATDZL R T =7 ZDEFHAOTHS. TBRITE VT
DM R T 27X OREE AL THIZETRHEU
ThHH-D, ZETIEV U RA T Z2Ub R T2 7%
BNTHLASL TIT OV TER AT 3.

H

3 YURAMYFEYDIURITIHE, E2DFHD LS
BN, BEAFO/N—VEBERIZTHIETERT S.
TURZT =2 7 HFX3FRD IS0 2 )5 DX

= ETEyTF ANIOHT BT DX IED R—>

(LLF, PaArheBER) D250/ \— bR S 5.

FTA~NYROTHF AN aA NS, E0

BIZHDO/R—= LR B & B TRISADERIZT 5.

HDIR—=Y T KA T DT B S PNT R D~ RN

IMEH<IDICEKZETYaA v MIEES L, = RT

'F_[ 17
‘p 1 e

X 4 %Eﬂ@l‘a:‘nl-ﬂ'%?’éif_‘_b’cﬂ‘ﬂﬁ_L’Cé

VS

N,

-38 -

=7 HXTERR T H(X4).

20D/ THRFLT-E R ITESZA T L) 524
TTCRRD. EEAATTIL, EART L —bnbax E
FEBICHRICE S THIE BB/ 20720, bR
WATHIE BT B, FUNATRER T TER L
OThD. YIBXATTIX, —IK7ZEHNT HFHII/RD
TVURNTERNZEE, NOEYEIR DG TV
M5OI THINNTT VR,
331. VDI VRITIHA

HLA LTI 54 DO AR I DT 5B
TURZT I HZ DR INEDHER S DB ifﬁﬁ)&)@
DI e s N el e i N i o0/ 26/ N i A WA AN Y Aah - A Nl
FORRIRE DD D.

(&S,

& 5 %&: /\/%Lrb\l/f‘ljlfag B:FROADES \I
IVRITIYRZREST DG

332. N\LOIVKIZIHA

E@%ht/\A@ﬁaﬁ&:::‘/F‘::7n:7§775§%b3i\&>6ct
\Z2ARDBED Jeiimi XA T IR D (K6 4E). AT

1%&1%% WZABIELL7IRRE TR A0, BRIF LM DI

TONLEMUIATLZETHREED., K6ADIHIcTy

R T 202 %N 24 TV RHY, #HIAL TR I

ZZITRESNEFIHNTES.

6 NLEZESRIVRIDOIVA A IVRITV4%
HLTRET BIH.
3.33. EPINDIVRITIHA
FWPHINEYBLEMENERNINTT B2, )%
BREMNT V FOIRTHAKTE). (RE T4
VxIMIUFMANTH DO T R T = 7 2% T
%LT%ZD%L%)%ZDL&)E%U% HTEH(H 72’5)

7 kE:=p5YEYZIVURIIINA A: I/h?:l:?’ﬂ’&
HLTRET HEM.
334 YURM9F =3IV RIT1DA
YR AT H Y DIIT BT ATz
XY DI X ORI THFLI(X8L). PR
THAT VI NIZF DIV EFRIL THAH(X8H).



Conference on 4D and Functional Fabrication 2020

.. B
K 8 ZE:/\U&EYIBIVRITIVAE, H: I/I~71717’5'€
BMYSLTHRELTLAHTF

4. By RMyF I T E KD IEEIRER
41. 1IN0

N ERAT R T7 2725 B0(X9LE ), Tk
— KB -T2 % (K9E E), o EFERE-EFEEIND
(K9 F). ZOHTEPHIVONLEFTeHT21%, FE
N WHTU R 77220, KOG FolHiaN
VERASTANALED FICHEEIZORS. Kb ooh
75@1&3 _)j:ﬂ“(l%zi)

9 ID(DEEM) EOHT. ZF__I: E_t EF AT0
IETPOF1I—-bL, FICEBEERELICRS.

42. NLOFEE

NEE EDPLIKE-72%(X10E), BEIL T L%
%ET(K104). ELTFZIT LS F=T <
75'%)?%‘3‘(.615)

10 & :N\LE—KRELAATENSI-TLDHET.
B NLEINODLEIZEE-HF.

4.3. EpHDZLNB

XpHNE— *ﬁtﬂomﬁ @E:’(Lt%b\ji@é“@ob%

— | " J\
11 E:ZpSYICHAZANTWDHRF. A:TpdYEHY
RKAYFIZFEE TLDHF.

YU RA Y FIZOBEDNENGD. %@5@%@@@%
BlXV FRIOENZINTHEN L TIZEDLITE E

D, Plol BRI RAYT DO F TR T4

FENOT IR TEROIY R AT O EIZE LS. )

Dbl o N7 2 72X TR IZRES V5.

44. YU RMyFEY%

YU RAYF UL BTN EREL TCNDE TV
he— K ThD. UIDETTENTNARNIITHNOA
b5, IVF‘I7:L750>}J!;H)“/F‘4’/% XL CHRE
THIBIZENLZ2BDIR 2 IZTICBE TS, |2ldii=
‘/P:c7:n75'0>}375§/\5¥§75>3%>@, —&F FETOIL
PURAyTF BEIND. 52 THRIXKBAITRENS.

.|

ol ¥
. L %
l’;'r

% 1 ‘ ] a ‘\
l 12 U RAYFEY>TNDH%F.
45 I\UEERS
B E N ATRER T RITULRISES, "%
BEVTHT R 202 ROAHTT-%, BlIChHEE

BIF 2T REEEDEN K E23D. NUEEL
STk, BRI S Y TRRbT R T 2  7 %
B ETURERLNA(X13E). ZD%ITTr
Fxo7xr74%RL, YO RAvTFEYDHZ R T 274
PO, BIEEELTBEEON TAIETH U RA
T YA ENTEDRIHTD.

l 13 /D"&%ﬁ'ﬂ\%ﬁ%
4.6. SERRLIEYY RMYFICONT
HHJEY DOV U RAYT H5ER T HIENTET-. Wik
MO T THIALDE RN ERT I TRV T
7 BROFEI DI N E W E S E ST LD H DD
D, BARDPIMEZ ERLIW T

14 ERELFEY Ry F

5. ICFAXTRNELR

HIELTE-T VA —a Bl RE D Z 25T 5.
51. 15&)
51.1 HEYDIEE

TL—bh EDEZID BB E 3D TV TR T



Conference on 4D and Functional Fabrication 2020

T, ~YRORKITRT CTEETERNW=0, 77V
r— gl NIE T ITHEREL T BMR A< B &5t 1) 5.
FDDT VL —F EOLOEBENT AR, SRS
BHEIEAEICHE T, EORTP T EI T I
G E D/ BT ZENTELHRFDRDOOLND. ~vR
W RO TRELIZ0 0 AT CTER 57 8
T—b EERAER T O AN A2 LT, EERA
BRI AT T2 ET 7V r—a EL TR 5
=<9/ S
51.2. YIzER5/BfT

TURT 2D TET TR — b EDAT V=
ISR TTENWET DT, R E D/ B HERE
AT AVENRDHS. NEOLGAILE/ -T2\ &L
DHF—F L DIEA CTEULDAS, Functgraph DG/ T
VRET =08 8 H LD E T A SRR EETH
b, ZDD T L —b EOF TV =V REFHRHIIC R
T I BT e TR D /BT A RZBIL72< T
(BN A a AR/ A N i N [ et SR DTS AP
HZD., =R 72 RCEN ) 52 D08 7727 I F =
T~y RIZERO T TR, ZHUlEa8bh T
TURTE T 27 DFFRFTHIET, NSO EE R
TEDHAREMENRH .
5.2. 1%
52.1. ADFEE

LT AV —ar TliE—F S0 E S L
BB T ZETHEUDBEBIZ LS TRy T R0E
S EYIW LT, HIARRIZES>THOEERD S
BN, BIED FDM3D VL ZDYETKEE TII A4
Thb SBOEEEEDR EE ML VR, AT
DOIRITETEL TOBIIZETHIK LD, B AWl )
NFEEZDHIELEZ BN,
5.22. Yo -BIDOMEDEIE

WME ST RITTIR D E Do TR IR OO\ B X
ETAGENRGS. HlZIXEeINE#EY)- 72, H16
NTZZPHOBIENRHSTVEINTZDTBIENHSD. AE
L7277V —2ar TIEEN I DA STEIN T
HXUD EIZFEELNARICE IO EE V T
ZORITHIAIZRS TN E R T HZ L2 A58,
3o i | | Oy fetss! & A AT A N A
5.2.3. RIFFICEBDEEET D

ZRITCITEI Y RIF 1O LR N0, EEOBME
ZRIFFIZITOZEIEIARFARETHD. Hl2iE o RAyT
RN A A A AN Sv A AN oY kAN N ) P A=
NHHIN, Y1 R T2 72 5T HE R Ay
FEMMZAZEIZTERY. ZZTHURAYT DEDIT
PHNEDIFHZETEM N IIA R WIDIZEREF L.

ZDIHNZ, FL—h EOF TV =IO IR TEEOE)
1@%%$éﬁf£b\mu+7ﬁxﬂgf%é ZHUTHL,
R320HAULERF DR L CETDIEED RO TV
MEFED ] BRI CES.
53. Ehb

EEICERAIZITI= R T = 72 N EHRHR G
FTAVROERITERF D0, fﬂtkbf%ﬁ?“/“:ﬂ%ﬁﬂ
IE T DR E & O TRETTAMELRDD. £
7=, %%ﬁ@’é’ﬁ“@ﬁf\“fciiﬁf\/l\ YT F a2
—HNHIUTIEHEIC B RAZEL W T 5.

-40 -

6. i

ARIDI B2 Functgraph O AIREMEIZ-DVNTHEE
i b,
6.1. FL—bOPES

A~y ROEMRAFEE LR TUIRDRWD, 4+ 7Y
=/ Rl TLEMERITOMLENDD. RIELZT Y
r—1ar TRV ERE T HHATD E 4%/1\“4’/3&
AT R T B8 a NI MNIEE LT,
=R ETAUL AN E BRI IR LT <A T /::7
RN GEI AP RN
6.2. 3D JUVAD FILD

fEFILTZ 3D VATV a3 A 5 &R
FeLLTWB®, 77V r—arO7 7F oz —
THINIBET—Z DT —TIIR TR 5A 5.
6.3. Functgraph ELTD 3 E

—ixi7e 3D TVAIX, Banor— AR EARED
LOVKEREEL TRRE RO A7 X 27 OFF R
7= BIEN D E W7y, Eiad 7Y =7 MNeFl
T 223 EETHD. ZUTERD 3D 7V 2 TH
DL T IX &/ B CThHEE 2D, EFIL
3D VA TIamZAID T #E s CTIRBEHZ LT
3D FVB LU COMMEIZAY, FHiiz7e A m_ BND
EEZD. KRR THLY U RS TF2{EDLT-0I28 TR
FIMIRE | I EEDD TS, %VF%»y%%:f’%f:
OO T V= 7METHMEMN 2 57-0akE L TAERKL
72, ZOIHTar e _R—RE L TEHZET 3D VLD
i B BRSNS AR5, FT-, xfz»—w‘
DT TVANT DI —FIX T —R LT
—HEEAETLHILET, 2 —PIEFEMR TR A R B
25, MCabaEmk T 277V r—a TH P
FIZLo ThEX 12 TE D, BIZIERICY R Ay
FEAEBLELTH, SRIFEIELETF U —a Tiin
LEZPHVEBFFELTZN, Iy &2 BEff LR
AT EEDZREFEVELELZLEDL. ZOHKIC
Functgraph {252 7C 3D V23 A~ —hT7 4 DR
EMFUCBITET T T+ —2E L TEDNS.

7. HBHIC

Yo R A FOT TV r—a ZRMEL, BEERTTIC
L7-#%%2L Functgraph O AJREMERBERLT-. 5% 130
URAFUNOT TV r—ar il fEL, glEkis
Functgraph OB PR EZRD TV L.

SE 30k

1. Shohei Katakura, Yuto Kuroki, Keita Watanabe. A 3D
Printer Head as a Robotic Manipulator. Proceedings of
the 32nd Annual ACM Symposium on User Interface
Software and Technology. Pages535-548
DOTI:https://doi.org/10.1145/3332165.3347885

2. Shohei Katakura and Keita Watanabe. 2018.
PrintMotion: ~Actuating Printed Objects Using
Actuators Equipped in a 3D Printer. In The 31st
Annual ACM Symposium on User Interface Software
and Technology Adjunct Proceedings (UIST ’18
Adjunct). ACM, New York, NY, USA, 137-139. DOI:
http://dx.doi.org/10.1145/3266037.3271627




Conference on 4D and FUnctional Fabrication 2020

OP-11

COVID-19 FIZHEIF5 3D T MMZI&LBITTA R —ILREED L—T
A NDFEE

Survey of 3D Printed Face Shield Manufacturing Movements under COVID-19
BFAR FAH', i HE | B #FF | SE & L ER K0 B S

Mayumi AOKI, Takuji TOKIWA, Shoko MIYAGAWA, Junki YOSHIOKA, Daisuke DOYO, Hiroya TANAKA
'BERBKRE, THEIIKRE

Keio University, > Kanagawa University
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[Abstract]

This survey examined the 3D printer-based faceshield production activities undertaken in Japan during the COVID-
19 epidemic and found that over 140,000 faceshields were produced. It is believed that the free release of two faceshield
3D models and the presence of digital manufacturing users and technicians contributed to this movement, with small and
medium-sized companies playing a major role in production. Furthermore, in terms of data modification, it was found
that "productivity" was the most important factor in responding quickly to the medical crisis of the face shield shortage,
followed by modification of "functionality" to make the face shield easier to use.
Keywords:3D printer, 3D data, modeling, business model
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Social Realization of 3D Digital Prosthetics and Orthotics Providing System

tH #—" FA F' EH &AL
Yuichi UEDA'2, Jun MORITA!, Takashi KOBE'
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IJSR Corporation, ? Rapithela Corporation
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[Abstract]

In the prosthetics and orthotics (PO) field, manufacturing is personalized for each patient, but still analog until today.
Even after digital technologies such as CAD/CAM and 3D printer has launched, they have not become common yet due
to installation issue. We developed “eLabo™” system that PO can really “use” the 3D technologies, and started providing
service to PO nationwide through Rapithela Corporation. Hoping that a society in which suitable prosthetics and orthotics
can reach to anyone in anywhere, will berealized by the “eLabo™” service.

Keywords: Social realization, 3D, Design system, Personal Fabrication, Interface
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Physical Properties of Gels Formed by a Low-Cost 3D Gel Printer
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Kazuma YOKOE!, Yosuke WATANABE?, MD Nahin Islam SHIBLEE?, Ajit KHOSLA?,
Jun OGAWA?, Masaru KAWAKAMI?, Hidemitsu FURUKAWA?
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! Faculty of Engineering, Yamagata University

2 Graduate School of Science and Engineering, Yamagata University
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[Abstract]

We are now working on the Gel Ambassador Project to promote the social implementation of 3D gel printer by
lending the low-cost 3D gel printer “RepRap SWIM-ER” to companies and letting them use it. Therefore, it is
necessary to clarify what kind of hardness the gel can be made with the RepRap SWIM-ER before lending it to
companies. In this study, the compression test of the ICN gel was conducted. As a result, it was found that both Young's
modulus and maximum stress increased with increasing the accumulated light intensity.

Keywords:3D gel printer, RepRap, ICN gels, accumulated light
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Development of an Integrated 3D Design and Fabrication System that can Flexibly Control
the External Geometry and Local Properties
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[Abstract]

In this study, we investigated a method for assigning parameters of microlattice to the external geometry and local
properties designed, and linking the system to a stereolithographic 3D printer. As a result, we developed a 3D
design/fabrication system that can design shapes and properties. This system is expected to accelerate the individualized
manufacturing by 3D-designing both shapes and properties.

Keywords: 3D, Architected Material, Metamaterials, Design system, Personal Fabrication
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[Abstract]

This study proposes a design method for architectural scale 3D printer (hereinafter referred to as "architectural 3D
printer'). We have developed a design method using a differential growth model for architectural 3D printers, which are
commonly used in architectural 3D printing, to overcome various constraints that exist in 3D printing with pastes. We
developed a toolpath for low-cost fabrication of free-form shapes. Furthermore, a new Time-Based Gcode (Time-Based
Gcode), which is subdivided into units of time, is developed. It is possible to detect the points that are not sufficiently
hardened at the data design stage.

The results of this research are expected to reduce the cost of designing for architectural 3D printer fabrication.
Keywords: Architecture, Paste, Design, Gcode, Method
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L7120 KR Geode DFRFTANAIREIZ /25,

BEHRE : F=600(mm/ %)
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(0, 0, 0) (600, 0, 0)
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Time-Based Gcode

0,0,0

100ms i
‘/\/\./\./\/\/\

(100,0,0) (500, 0, 0)

G1 X100 YO Z0 F600
G1 X200 YO Z0 F600

G1 X500 YO Z0 F600
G1 X600 YO Z0 F600
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(X1, 11, 21)
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Functional Fabrication 2020

R : 100mm [EF% : 80mm

FF% : 40mm

6% : 60mm

6./ N5 A—AIZ KB Differential Growth Model D EZE
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Proposal of environmental responsive panel
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[Abstract)

This research proposes an environmental responsive panel that can store water droplets in the mesh structure by using
the surface tension of water. This panel is printed by FDM type 3D printer. Voronoi structure is used for the mesh of the
panel. Test pieces are created with the number of cells, and the shape of cells as variables to evaluate the water retention.
When the evaluation, the water retention of these test pieces is compared under the same conditions. It is expected that
this panel will contribute to lower the temperature in the city by vaporization of water stored in this panel.

Keywords : water retention, structure, voronoi, parametric design, SDGs
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From functional proteins to taste and smell,

the potential of piezoelectric inkjet heads in functional printing
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[Abstract]

We are trying to expand the possibilities of functional printing based on inkjet technology. This paper reports
on the areas in which EPSON's inkjet heads, which are easily available as piezoelectric inkjet heads tailored for
water-based inks, are likely to make a contribution to society. We have chosen phosphate-buffered saline to
dissolve the functional proteins used in the biosensor, and lemon juice and soy sauce as familiar liquids. Various
adjustments are required to ensure the stable discharge of new materials by inkjet, and the issues were extracted.

In this presentation, the development of AM technology will be introduced.
Keywords: additive manufacturing, functional printing, Biosensors, functional proteins
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Attempt to install a heater for adjusting ink viscosity in a household printer
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[Abstract]

The inks used in household printers are adjusted to an appropriate viscosity for the print head. Naturally, even if high
viscosity inks are set, they cannot be printed as is. For example, PEDOT ink is generally more viscous than graphic inks,
so until now it has had to be used in a special printer. However, if the viscosity of the ink can be lowered by heating it,
there is a possibility that it can be printed. Therefore, this time, a heater was installed in the ink cartridge section of the
home printer. This makes it possible to control the ink viscosity, so that high viscosity ink can be used.

This modification allows for printing and prototyping of various inks, including PEDOT, in a laboratory environment
at home or in a research institute. For example, it will be possible to form transparent electrical circuits and implement
LEDs, as well as prototype touch sensors and other devices. In this study, we investigated the possibilities.

Keywords: Household printer, functional printing

1. [FL®IZ LTI, AMVICEDH TR ZATS . BEFHIX, R

FIEH TV 2= HWNDTT 7 0 A MUAHFE THDTZOA L T DEBINR I TEDHZE, A
7 OVEBLIHEL TR —RE720, FEEEAMERWMERIZH VIO T N L, SNYREYDAA— AN
5. %UT, I 774907 TR WS REMEM B> 213 IR TUIELLTWNWIETHD.

BRI AR —ADE DN EL, TT7T7 4907 A 71T FTNITV A —OEE IR L. BERDTIAF
H_RTHERNESVEMICSS. £, KEN TV 2 — P HNR—ZTHNL, TV~ RELT I~y R )&%

DTV Y RIFKRAR—ZADRD DR FE I i b S 4 HEE TV, == TR A L 7 &2 BT 2Ry 7
TWBDT=®, KD @ OBEREMEA 71Xk H 23 R T ABIRYD, BIE O/ SF A EHNLTCNE, ER R0
HDH.Lanl, BERAITHY, Bh (19827, HH S ROV ETEVAT. (K1)
(1983)PD LT, A2 7Y =y h Ny RBHDHWITZE DTS '
DB ENIETDHLET, A 7ORMEEa ha—L L
FIR$ 2 FIEITHE LS WD, A S E % 5 I T
DA T2y TV Z =TT 282 d» T, ¥ED
EWA LTI AZENRTEAINNTT HHAAEITS
7o REGEPRI T UL, FRECHFERE 0 5=
BREE T, RIAVEERENER B IR AT BEIZ 725,

2. EFIE

7Y% —|% EPSON # PX-S170T ZffHL7-. &/
IaA YT DIB DAL T2y NIV —T Ad FAXE
THIRTE2ME CTHD. A 7DORZHIL, B—F vy

1. BRO/ARIVETERYSILIIREE

-77 -



Conference on 4D and Functional Fabrication 2020

BRAPREIIEHINTELT, TIRORZ AN
— CHVALA[RETH-T=. v — VE TSNV
TFAELIR o T2, S~y R BV MZ K> TBREI 52808

muf%éﬁ) @%Tﬁf&ii%%%“\ﬂ\ﬂ?’vy“/:/ﬁl
BHEHTLHEE—F—DBHAL LA NRDHD. 17
IR D B R&Z 725 PO T 72D, A 7MMEHE
— X — DO HEER ST, TEARV TV X —HNRE
THZEITLTE.

%@ii/\/h*ﬂ@ TRRICEO D, EEAEAL,
oA B RO, (X 2, 3)

3. MYSLI=a2D520

VA Ty URS D RSY A WA VI e & 31V ~3 7 el
ARG, NI 4V ALIZA 72RO
HIEETHY, BN ENEIZEIROT, 2OV
He—H—HEBEOR—ALLCRIHATHI LI,

WiZe—H—ZHIELT-. IBEEHIEL, e—&—&

CRVEXTZRREL, R CHREIRELHERT5
_2: L7z, b= — M OBAEX I, ¥ 7E SR RD
BREICERE T 5720, 2 enkobng. e—4—
RS T D P-Flex"&2 AW T, 15Q T3V LA
P AR THIVEL T, BVEERH IR 0 K 2 —F
BTV —h L &L, B E#3 Panasonic H
KT4R ZfEH L7z,

BT ONEFEEL TS, 7 Sprice—2—, BEXS,

IRE LTS IEDSHT —7 DINE T 721X 4,5). B4
XA~y RITEVANC RSO3, RIEkiCZ 7 filbe
— X — DT 4V NENZET — 7 Z RSO AT 7=, B
B, SRR L Tl ISP A TETLEoT2 7
W, CPU HOEVRE ) ZZ [ED I > THD SRV &
TEDON BT AT Z E TR LT2(K 6).

-78 -

6. BB T REESF-E—5—Hf

~y R EF, =7 VEBR TS T 70 BT
RNZEE LT, IREFEI R ICEREZIEY, 2t h
ERERR LT, b= — 0D 8D, ax s HET
DI, =T VI E AR T &, ER
A= oo TARRMEETZTOT, r—7 V&L
SR EFT DI~ R DT AR 555K 2 i
L7z I, =T IVEDOBEALN NI E
L7230, )%ﬂié:ﬁiﬁ/v—%:)%u‘:.

1. EFRHN—ERL-ZEK



Conference on 4D and Functional Fabrication 2020

3. EER

FEERH A 71% Heraeus 10 Clevios PJet(Oled)%
i L7=. KM PEDOT/PSS A7, J&EHH IR E
2% 9mPass FEEEL, PEDOT/PSS A7 D HCh LLEL Y
KT THS.

HHNS, FERAL 7Y 2y TV Z—RNE OFE &
D¥EE DAL 7\ TSI TNDEHAIL 72, #liEo B
BALTIX, TN I T 4 — VR FERLT O 2 L kL B 5
LVDVIM CHIELZEZA, £ 4mPa-s(25°C) THHZ
Lot

- JEER 1

FPHDOIZ, EBRHAL 7O HEFIRTFROTF
JIECFRITL7=.

FERL, FIRIC&Een o7z,

1-1 A2 7%&@FEDOA7ERCFNETHESS

-2 JANI)—=2 T % BT

1-3 JANTF =7 87— AR5

-4 REETSGF—au 32— ZHIR %

R 2

I, ERAA L 72 RKBOEDOH LR T 52 TA
VY DREE T, T Al H R L7

FRAA L 7 IXF I TR DY 9mPa-s FI£7EA3,
65°C THEEDS 4mPas-s LA FIZ/RDEDT —20NHDH. £
T, b—=Z—0DiRE% 65 CIZREL, A7 DIREMN
BRI D ETHIITFFS TS, FEBR 1-2 7D
1-4 FTOTaBAZFEITU. FERELT, Aok i
L7eBhRIZEY, A7 DREEE T DM TELE

A B, FIRIZNAIREIC/2 D2 LA 8,9 DIHITRSTZ.

9. RALGST—Lav\a—y

-79-

ZF0%, XEWEE 80CTHLEIBIAAIRETHHT
CETERLEZN, b—F—DREEZFIRIZEL, BHIC
b — DAL T = ANVCHERRBIZHE L 7-b 00,
~YRVBEEEVHIMN A FIEEIZZ2 > CLES T2, ~vR%E
DRI A, T ARITEAC LT A 7 3 B IS A
L, sHEV DRI 725> Tz,

10. 1V RBRO D REBRORF

-FEBR 3

FEERA L 7 DT NALDJRR D3~ RN D45 7
EDPEFRMNEIMRRFELT-. ~y RNERICE A Sh T
-5 RN 2> CEBRAA L7 LB L= E, 1]
HLTCWeWEBRHA 7%, ZRENARILIICANT
HIRT 20 FEfLEL, IREEOE(LE Az, fERELT
1T b3 72, BEERI DR B TIIRNEE X T,

1. IT7aVHBROKF

5 F&H

ARSI, FEAAL 7V 2 TV H—Tho
Th, BEICEDA 7 E OFRFERIT 20X, R &
WAL 2 TEHLENI T EERETZ, — T, #t
N EE L CTHERENEA L 727 ) o 2 —CTHIRIT 5121,
Y REEEVEZRZSRNIDNCTH RN, ZDJRIK S
BHELHICHE THLIEL DD T2, ZORERERIES
W, HEMICEER 7V 2 —TRIAVKE DA
DA FHEICZ23UE, UV A2 7= PEDOT/PSS A+
I EFRETH FRICHIB TE5L012705. BIFET
VRIS DN L BT V15— D 3D ETEY
RBHL T2 —T L ARE N, (H A _ETHIR
TEDLRFDBLDHE LA,

SE 30

1. HRZHERHASH, BB, (V7YY
MHGE S~V R RFBERE 49-101473, 1974-09-25

2. =ikt HPEEE, KRR BUE, Ao
TV NERIEE, FrBAIE 58-155960, 1983-09-16

3. B &tV=—, Al FE, A7V ek
&, FrPEiE 58-212953, 1983-12-10



Conference on 4D and Functional Fabrication 2020

-80-



Conference on 4D and Functional Fabrication 2020

SC-09

REMRT)A—IZx9 % UV 1O VELF LED SUTHREOEA
Attempt to install LED lamps for UV ink curing in a household printer
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[Abstract]

Most of the household printers were for printing on paper, and none of them could handle UV -curable inks.

Even if UV curable inks were set, it was impossible to cure the inks immediately after they landed on the paper

because there were no UV lamps for curing. In this study, we attempted to modify the printhead of a household

printer by installing a UV-LED lamp and a water-cooling cooling system to cure the UV-curable ink

immediately after it was ejected.

If this modification is successful, it will make it possible to conduct experiments easily at home or in the
laboratory environment of a research institute. In this paper, as an example, the modified printer was used to
cure the printed UV ink to give strength to an arbitrary part of the paper. In this report, the installation procedure
of the UV-LED lamp and the post-printing curing experiment will be introduced.

Keywords: Household printer, Functional printing, UV printing

1. [XL®IZ
INETOFEERTIZ—IZZDITEAEBREIC
XD TT7 40 7EHIRROL DT, UV T 7 2k
L UV WAbRA %W 2 DRFE X2 7=, — 7, UV
I A L 222 D7) o 2 — I Z R T E s DA
£, BADEEDN—R )L STNS, KEBRO HY
&, HEMA TV A —I2 UV T 7 %REL, UV A
ALV OHIREFALETZ DI SETHZETHD.

2. 7)o RA—KRE DS E

BN, TV 2 —DWRiEE{TO LT, IO ANFR
WG TRN—V e RETHI LT,

AREBR IV o ME ) raf 70y TV
— PX-S170UT (Zei&z a7z, Z O RE LI
HIL, Ao 7D TENTaZ 72 M1 bl
¥2pb DO THY, BIFEDA L 7% F T DO HIE D —F
Vo PZ AFL T LT 507 FMARELND
MREW, 72, A7 XN T N Z A~y RE_EIZHY
TR N JHL, A 7aAZ ™D ianb ) Sibdh .

-81-

HHEL7Z UV 7713 QINGYING #ilod UV-LED T,
36V/50W, 44 DH R 1L 395nm THS. LED %R
L7-FRE LTI, /B R B e TR L 07 VO,
TRAF =D ARH MR TR S Tz MH
FTUTIVEFHTE L) SR HHVY, LED OJEEE I
DOWTIEEEFED UV 7Y —T 50W 23R L T DL
DINED-T- T2 RICEERELZ. Lo, bl E
DFFAMIR AR 7 NFHILT FEEEO SES IR 1T
Thotom, WELRGET 228Uz, Ao H R
WZOWTIE, T TICAFFATHo7= UV A 70
WAL E A HE T 395nm LPEL/Z. LED O Tto
OWFEZERINU BRI, ERESND A XL 0
DOREGICNTF A RET T2 ERFEITHD.

%72, LED DX E LT PC ([Z#i#isnd CPU
WHHA DO R—=Y 2 AL km RSB A SR
22 m I TITMEEEE H O+ 5370 A —=ZANR T Y b
VR EDICHER CE T, o~y REDNERD T E T
B8 T B8 SN AU T2 720, TGS DAL E O FRAS



Conference on 4D and Functional Fabrication 2020

DK E BRI, K HEEE L PC S —
YDANFRREG THY, BEREZR - DEEROR
TERIEELT.

RIE DRI EKBIGER T HMEAI 7 vy 7 & LED %
WA BEEAICHEEL, BHEIToys% 3D TV H—
THIRIL7ZZ Vo b~y RED B O/ 8=V (5 L
7=, FORETER IR T. £, BHEHEEEO2IRK %
X 2 |29

LED DR EIZHT-»>T, TV Z—KIRIZKTHAR
AR E LR DKL, F72 LED omHIEEE O
BN LB ATZAIDICHK ES T ARG LZ. &
DRGSR, BANLBFHIZITZ DTV M~y RD I /8 —
\Z LED sk A7 ay s EETHIEELT. Ok
FEX 3ITRT.

AEROSKEFEINL LED LW HAKHAT 2—7 0
B2 T ABER NIRRT L — LD —ERZ B SR LT
ROBTHD. HEg a2 4, X 5 1Z5R-7.

728, —HERD UV WALRA L 713 IR CIRREE 23
SHHBTERNWZERHD. ZOT Vo Z—D4, #)
6mPa+s B2 DR E DAL 7RO BRI — X —TD
NNV CHEE AR TS B2 BB H DY,

1. UV-LED S> 7 &4HIJOvy

2. KAXAEEEDHEK

-82-

B 5 REBRLBEEE-AIE (& 30EH / A 3E®)

3 RERLHER
ARRFHNTINT, LED OMAERED KBRS UV

fbA> 7 OHIRRE L IZBRD 2 JAAT T,

3.1 LED A ENEER
3.1.1 EERFIE

LED O3B 9D HIEE E O M HIMEREZ R
B2, HHEEEZBRHSE B A ST TV RWES
(22T, 10 43[E] LED % 558AT S LED H0iR IR e
EIRIMRY — T/ 77 4R Sl TR L.



Conference on 4D and Functional Fabrication 2020

31248

FEBR A ORI 25°CThHo7-. FEROIRFE 5%
6, X 7, X 8 | d . MHEEEABEHSE TV
BB e AT BHAADD 5 701412 60°CEBZ TS, &
DIRRENOH AL E A BB ST 5L 10 FPIZE T40°CHF
ITETE T L. ARERENS, BEWEREIL 0 THDHZ
EIMRRFETE N, EH BIXESBIT/NIE O HE E
TH 1T THLAREMENHD . RICHRFHDOZEH D
BT THHROIET Vo Z— EEOFEHEA~— (T
LARMPNEEND-0, BEREBHIERICOW TS
DFELWVRRGER M ETHHEE 2 TND.

6. Y—EJ STqImFE A

IREREIEND 10 &)

QFLIR 3
8. LED mATH (4 H

-83-

32 UV BB A VENRIEER
321 FIg
AL 7Yz NARRE PET 7V AL C UV HEAL
AT DHIR R EZIT STz,
FIRIZRIEIZLL T D) ThD.
FIR S &
FIRIARER & : EPSON Z—/8—T 71
ZDMDFE IR E D EE
Fo, AL UV S{ERA 7 OREFE 3 6mPass
Tholzlzbb—2—%ZEIL, IMRL CHIRZTTHZ
ez, mHEEE L e— X — R E LTV 2 — Dk
FEX 9 IR T.

322 fER

FIRIH OBk 7-2 B 10 12~ 3. #EA~ ORI 54X
111Z, F72FIRIAG 30 3 ifimte Db 0% X 1212, PET
T A D~OHIRORE A 13 12R-T.

ERIZHDIDNTEIRIE IR, UV i LRLA
YITHIBE DALY =y N2 — TR <HI
TELIED T, HRIF S~y REEZBEBIE5HE
—Z—DOIFRRE R BEELHAE TS, FIRZEZE T3
HIEWTEI=, LL, UV 72 7% SUTSECTHIRIL7Z
IZH0 5T, FIRIE O AR EILF Tt &
WSBAREIZ DO DIEE AL LT AR 713 70<, E=FIlE
Bn 30 R ORERIFB T 7 RB TS RIE DO E
FThoTz.

F72, PET 74V ATk HHIRICH 3% — 2 HIRIE
NTWDZENRRZDN, ZHHLEELL TEOLT K HEIC
i oL ZORRETh Tz,

INLOREREFLDLHE, SEERELT- UV-LED 7
YT TIEA T DI 37 B E 5B A DT LN TE
RN ER DD,




Conference on 4D and Functional Fabrication 2020

10. ENRIF D #F

1. fE~DOENRIFERENRIE )

e s

® 12, i~ DEIRIERENRIAND 30 £6)

13. PET 4L LA~NDEIRIFER

-84 -

4 £
AR L UV #{pilA 7L UV-LED 270D

FAA DR T, HESED7200 O ST SR
BRNEDI N EnN o7z, ARl L= LED 1% 40
BENEHISNTEY, 1 DY7201W RETHD. (7
ORI LB R &I, 500m]/cm? Tho7l=720,
FIRI AR OBE 25 LT 100mW/cm? 2 0 B &5
FETHH B2 TN, fEREL I b TE 2
Sl BHEELTUL, AT AT HETOHEMES /7128
VIAD TR T2 e O BEDME FLCLE- 72280,
v — 7 BEREE SR L O 7O I IFEE R K FTHY, =
@ LED TIEREL TV REMENE 2 HN5.

5. i FAEA
UV f#{bAR (7L UV-LED O EAb2 Kiuig,

LARIR R B A RO TV B —TFREIZ UV B{bA 7
A ST-HIRIZAT 25 X91070% . EMO—HBEmLE
W CHREZF-E720, EFRIEOLUARL TOR
HEAFRI- W72 0Ek 2 72 AR BB S iR s G, E7-, A
RIFEOALE S DES TRTHIET, ZOLH7 . EH]
il < 2 EHIRIC L OFEEREE A AED 2L WTREIC /2D
MHLALRV.

AR OBFTCIE, ATMEO B WL - B v
THERT V2 —%ekiEL, UV LA 7 OHIR
MA[RETH DL EN o7, L, S RIEEH L7 UV
T TTIIMREN B TR M LIX TE o7, 58
BRI, LED Z R ETAT 4TI S5 8, X
VEH 1D UV-LED TLvA%HBETLZE, /270K
EHAMBAEOMEALZKHENMETHD. iz,
SERM LT D012, FIRIZICHIO UV BRE S E
ERHWHZELRETTES.

S E Xk

1. M. Ohnishi et al, “The Development of LED-UV
Curing Inkjet Printer UJF-3042 and its Wide
Applicable Field”, Journal of the Imaging Society of
Japan, b1, pp. 399-406, 2012.

2. A. Tauchi, A. Fujioka, T. mineyama, “Latest
Technologies for Ultraviolet Lamp and Modules
Corresponding to Various Industrial Applications”,
TOSHIBA Review, Vol.70 No.11, pp. 20-24, 2015.

3. M. Mori et al, “Attempt to install a heater for
adjusting ink viscosity in a household printer”,
4DFF 2020 Proceedings, 2020.



Conference on 4D and Functional Fabrication 2020

OP-15

R R Es - SSHAN ARG ER A DERETERIENCRE T SR ET
Proposal of design and control of planar objects for repetitive deformation and shape freezing
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[Abstract]

In recent years, the range of digital fabrication research has expanded further to creation of objects and interactions
that involves the movement and deformation after fabrication. To enable the "after-deformation", there is a method
which embeds active materials whose dimensions and volume change according to environmental factors. The method
is effective as the functions are naturally implemented on the surface or inside of the objects. However, there are some
restrictions on the repetition of movements. Some objects can change the shape only once, and others need continuous
external stimuli for repeated deformations. Therefore, this study proposes an actuator that can repeatedly change the
shape by using multiple external stimuli, and can hold the shape after deformation even in the absence of external
stimuli. The details of the structure, manufacturing method, operation type, and application scenario are also shown.
Keywords: Shape Changing, Shape Retention, Inflatable, texture
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[Abstract]

Tracing paper has a hygroscopic-morphing characteristic, which means that it absorbs moisture easily and curl up by
the expansion of it. In this study, we explore a dynamic display method using the characteristic. Since the morphing of
tracing paper has a limited range of expression, we attempt to control it by waterproofing. Here, we examined how the
amount of the morphing and the form of curvature change with humidity depending on multiple waterproofing patterns
and discuss the controllability, application examples, and the editor to control it.

Keywords:tracing paper, waterproofing, hygroscopic-morphing , display, expression
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Research on Sliding Devices Using Gel
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[Abstract]

Mono pump enables the quantitative transfer of high-viscosity fluids, solid suspensions, and highly abrasive muddy
liquids. Although it has the advantage of suppressing damage to the transferred particles, it is known that metal wear due
to continuous sliding shortens the pump life. Shape memory gel is a candidate for pump materials that can replace metals.
This shape memory gel is elastic and temperature-dependent, and it is hard at room temperature and soft at high
temperatures. In this study, we will develop a stator for a mono pump using a shape memory gel material and analyze the
correlation between the transferred material and the torque and friction generated during sliding.

Keywords: 3D modeling, shape memory gel, sliding, positive displacement pump
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3D print
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Side view

Bottom view
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Effect of Volume of Fine Domains for Recording Information Inside 3-D Printed Objects with
Resin Blended with Magnetic Material
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