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Conference on 4D and Functional Fabrication 2025
~ New Paradigm over 3D Technology ~

- Technical Program -

October 23 (Thu.)

10 B 23 B(K)

09:10 - 09:20
Opening Remark

EF$ 32

Kazutoshi TSUDA (Kyoto Institute of Technology), General Chair of 4DFF2025
4DFF2025 K&EFEITEB R HE e U T2 RT)

09:20 - 10:10
Keynote Speech
HEE e
g EJE] Eﬁ p=:}
EXPO 2025: Current Status and Future Prospects and Utilization of 3D/4D at Expo 2025 Osaka/Kansa

KN-01 EXPO 2025 KPR -BvE G 1235155 3D/M4D {EHOBLK S %O RE

Hiroya TANAKA (Keio University)

A { (BEERRY) 1
10:10 - 11:10
Session 1

Value Creation through New Method of Expression and Creation 1
FLORIR - EMAEICKDMERL 1

Session Chair: Yuuta NAKANO (Mitsubishi Chemical Corporation)
R i fER (ZEZ IS

10:10 Melt Electrowriting 3D Printing of Biobased Polymers
OP-01 Melt Electrowriting 3D Printing of Biobased Polymers

Huaizhong XU (Kyoto Institute of Technology)
Huaizhong XU (Kyoto Institute of Technology) 3

10:25 The Design of Memory Experiences Using Sound and Clay 3D Printing
OP-02 %! Clay3D 7V 5 HWRLB RO T 1

Kai Haruta', Mizuki Ito?, Yuta Uchida’, Kentaro Saito*, Ryuma Shineha', Junichi Yamaoka'
('Keio University, 2Ceramic artist, *Nagoya Zokei University, “FabCafe Nagoya Ltd)

FH L, WEH ATE NE KRS, AR ERER 4 AR MR LW !
(" BIEFR BRI, 2R, 34 RIE K, ‘154t FabCafe Nagoya) 5

10:40 Anyone Can Create 'Foam Art' — Development and Application of 3D Food Printing Technology for Three-Dimensional Foam Structures
OP-03 HETHVET —F'—=3D 7 — N7V 2T LD LT E T BT D BH A L e B

Airi KAGAMI', Hidemitsu FURUKAWA? ("Yamagata University, *Yamagata Graduate School of Science and Engineering)

Bi EELL, I SOE2 CHJERT, 2 RFRERE) 9
10:55 Perovskite solar cells maximize the use of inkjet method, which allows non-contact application

of each layer in a "3D stacked structure" of four different types of solvent-based inks.

OP-04 7 A ANKEEMIE 4 FEHO RFEEFINEAL 2% 4 JEICHET 5 18 3D &R C&fEx
FEEEMBAT CEDAL 7V 2y N TIER R KRICIERET S
Tomohiro YAMAZAKI (Y-Drive CO., LTD.)

s A8 (BERSHEUARTA4T) 13
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11:15-12:00
Session 2
Proposal of New Materials and Material Properties 1

FRM B ORBEMHFFIE 1

Session Chair: Shigeki TAKAHASHI (Yamagata University)
FEE: with R (LBRT)

11:15 Research on SLS 3D-print molding for fire retardant decorative building materials
OP-05  BREZHLE M ¥RV B AR = A NBE I e i A & F2 B 5 3D 7'V & — Rl R k4 KD B ¢
Mazuka Kimura', Hiroaki Ito?, Takeshi Semba?, Yuzo Okudaira®, Tatsuya Tanaka®
('FES Inc., ?Kyoto Municipal Institute of Industrial Technology and Culture, *Doshisha University)
AR B, O R 2, Al 2, B =0, 3
('FES #RARAL, 2 RS PESEBARATZERT, 3 FSART) 17
11:30 Creation of hollow gel structures through buoyancy and sedimentation control: Development of P-DN gel molding technology for 4D printing
OP-06 %) LILIEHIENC L5 1 22h&E 7 L DA —4D 7V T4 71T 72 P-DN 7 /L O 3ETE T B 56
Sora KOMATSU, Hidemitsu FURUKAWA (Yamagata University)
A R, I SO (LER=F) 21
11:45 Fabrication Method of Temperature-Responsive Hydrogels using Uniaxial Extensional Flow for Improving the Functionality of Soft Actuators
OP-07 V77 UF ax—ZORRENER BT 72— Bl RIGIUCE DI LIS EMENA R 0T L OIS FIEOREEE
Masaki FUKUDA', Hakuto NAKAHATA?, Shoto SEKIGUCHI?, William Kai Alexander WORBY?, Yuta KURASHINA?, Yoshiyuki TAGAWA?
('Tokyo University of Agriculture and Technology, >Graduate school of Tokyo University of Agriculture and Technology)
faE EAL Ul A2, BRI U= U U T AT LA = R K2, B 2
(AR TR, 2R TRFERS ) 25
12:00 Session 1&2 Authors Interview
Session 1&2 F—H%—ZX A ZE 2—(0OP-01~0P-07)
13:20 - 14:05
Session 3
New Mechanism and Unique Structures 1
FLOWAAZX L2 =—HEE 1
Session Chair: Takashi TAKENOUCHI (Mitsubishi Chemical Corporation)
JER: e 52 (27 IS
13:20 Direct Ink Writing 3D Printing for Coral Reef Restoration
OP-08 Direct Ink Writing 3D 7'V % %1% H L 7= HiE§fE D fR 4=
Daisuke NAGATOMO!, Chisaki KITAJIMA?, Kazuya SAITO? ('National Taiwan Normal University, 2Kyushu University)
RAR K, dbls T2 #E —ik? (ESLABEIELRT, PIUNRT) 29
13:35 Fabrication of Hyperbolic Plane Models Constructed from Zippered Annular Strips
OP-09 ¥/ S—Z W7 BRI O L 2% £ th S i A D i
Tamami YAMASAKI, Kanata WARISAYA, Tomohiro TACHI (The University of Tokyo)
il B, HI% 2K, @ FZ CGROECRER BT 31
13:50 Additive Manufacturing of High-resolution Poly(butylene succinate) Scaffolds via Melt Electrowriting
OP-10 Additive Manufacturing of High-resolution Poly(butylene succinate) Scaffolds via Melt Electrowriting
Tong Sun, Liu Yang, Simon Luposchainsky, Huali Lu, Shinichi Yagi, Huaizhong Xu (Kyoto Institute of Technology)
Tong Sun, Liu Yang, Simon Luposchainsky, Huali Lu, Shinichi Yagi, Huaizhong Xu
(Kyoto Institute of Technology) 35
14:05 Evaluation of Evaporative Cooling Structures Using Wood Powder-Containing Filaments
OP-11  KWy&EA 747 A M LRI B & ORI

Kazuki Yoshida, Hidemitsu Furukawa (Yamagata University)

R, I e (R 39
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14:25 - 14:55
Session 4
Performance Analysis and Value Evaluation

PR AT ST IE ST

Session Chair: Junichi YAMAOKA (Keio University)
BEE: (Ul - (BB

14:25 Precision-Controlled Elastic Poly(L-lactide-co-g-caprolactone) Scaffolds via Melt Electrowriting
OP-12 Precision-Controlled Elastic Poly(L-lactide-co-g-caprolactone) Scaffolds via Melt Electrowriting
Liu YANG, Huaizhong XU, Shinichi SAKURAI (Kyoto Institute of Technology)
Liu YANG, Huaizhong XU, Shinichi SAKURAI (Kyoto Institute of Technology) 43
14:40 Directional Dependence of Stiffness in Origami-Based Mechanical Metamaterials
OP-13  HiVAUICIE S AT =V AZ~ T YT L HSos D J7 R A7k
Daiki Ueda', Kenji Minesugi?, Kosei Ishimura', Hiromi Yasuda® ('Waseda University, 2Japan Aerospace Exploration Agency)
R KA, Zk2 BUR2, AR BEA, W s (" AR ORSE, 2T MUZEATZE B ) 45
14:55 Three-Dimensional Structure of the Spines and Epidermis of the Spot-fin Burrfish
OP-14 AL HXT 7 DB IR LD LM IE
Joichiro Nogi', Yuta Shimoda', Tendo Tomoya', Tetsuro Morita?, Kazuya Saito®, Tomohiro Tachi'
K OC—ERY, TH &KX, KE Fd !, HE T2 AHE kS, aR!
('The University of Tokyo, 2Tokyo University of Marine Science and Technology, *Kyushu University)
(HORURSE, 2 ARGIEE RS, STUNRS:) 49
15:10 Session 3&4 Authors Interview
Session 3&4 A —H—RA A ZE 2—(0OP-08~OP-14)
15:30 - 16:15
Session 5
Performance Analysis and Value Evaluation
Al B o sl N
FRMHOREEM MG 2
Session Chair: Yutaka TOKUDA (KDDI Research, Inc.)
JEE: fEM HEd (KDDI A AFZERT)
15:30 Proposal for Additive Manufacturing Technology Tailored to Regional Agriculture -Development of Additive Manufacturing
Using Rice Husk and Rice Flour Paste, and a Surface Coating Method Using Mycelium-
OP-15  HuEk R IS FH IR S TR B S I BN DI R -k &Ky N — AN TE A L7 fl g 1
BROBERMBIC L LR BT D B %8 -
Kohei MORIMOTO!, Kazutoshi TSUDA? ('Nagaoka Institute of Design., *Kyoto Institute of Technology)
BRA FEF T, HEW Ak 2 (" RIEERE, 2 5 LA RT) 53
15:45 Investigation of Okara Upcycling through 3D Food Printing for Sustainable Ingredient Development
OP-16 Investigation of Okara Upcycling through 3D Food Printing for Sustainable Ingredient Development
Chia-Yi Lin!, Jian-You Li', Tzi-Jung Wang?, Tsuei-Ju Hsieh?  ('National Yang Ming Chiao Tung University, *National Tsing Hua University)
Chia-Yi Lin!, Jian-You Li!, Tzi-Jung Wang?, Tsuei-Ju Hsieh?
('National Yang Ming Chiao Tung University, 2National Tsing Hua University) 57
16:00 Keratin-derived biomaterials for corneal bioprinting
OP-17 Keratin-derived biomaterials for corneal bioprinting

Leon Balters, Stephan Reichl (Technische Universitit Braunschweig)
Leon Balters, Stephan Reichl (Technische Universitdt Braunschweig) 61
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16:20 - 17:20
Session 6
Design Method and Modeling Tools for 4DFF
4ADFF =D THAVFR-ETIVTY—IL

Session Chair: Masaki ICHIHARA (M.ICHIHARA & ASSOCIATES)
JEE:: T BrE (TR ERRRF T

16:20 Fundamental Technology of creating files for 3D printing using voxels format FAV
OP-18 RIENLT7ANIEKFAV Zffi~72 3D MM 7 7 A VRO SEHERAR

Jun YAMAZAKI !, Osamu MIZUNO 2 (! The University of Tokyo, ? tetraface Inc.)

il 7% 1, KB (&2 (HHRE, PR HET R 7 =12) 63
16:35 A design method for elastic structures with catenary structures in material extrusion
OP-19 M EHRHIEICR T 2N T U — G e A T D IERNE R DR G Tk

Ryosuke NAKAHARA!, Toshikatsu KIUCHI? ('Kyoto Institute of Technology, Graduate School, 2Kyoto Institute of Technology)

R B L ORI R 2 (" IR T EHEAHE R R, 2 O Ll R ) 67
16:50 3D-Printed Adjustable Thoracolumbar Brace Based on Customized Body Measurements,

Featuring Front-to-Back Donning, Using a Parametric and Web-Based Design Approach
OP-20 3D-Printed Adjustable Thoracolumbar Brace Based on Customized Body Measurements,

Featuring Front-to-Back Donning, Using a Parametric and Web-Based Design Approach

Kai Ting Chien, Jian-You Li (National Yang Ming Chiao Tung University)

fii 1R5E, 4= AHA (GIAZZERE) 71
17:05 Scan to Renew: A Mobile LiDAR and Generative AI Workflow for Simulating Urban Heritage Alternatives
OP-21 Scan to Renew: A Mobile LiDAR and Generative Al Workflow for Simulating Urban Heritage Alternatives

Meng SUN, Masahiro KINOSHITA (Kyoto Institute of Technology)

Meng SUN, Masahiro KINOSHITA LB LasfikMERY) 75
17:20 Session 5&6 Authors Interview

Session 5&6 A —H—RA A HE 2 —(OP-15~0P-21)

17:40 - 17:45
Information from Committee
ETZEEILDOEMLE
Masahiko FUJII (Keio University Institute at SFC)), Vice Chair of 4DFF2025
4ADFF2025 RSEIETREE Bt Rz (BHERES: SFC WHSEHT)



I5) ADFF

Conference on 4D and Functional Fabrication 2025

October 24 (Fri.)

10 A 24 B (%)

09:00 - 09:05
Information from Committee
RITEERNLDEHLYE
Ryohei YUASA (Keio University), Vice Chair of 4DFF2025
4DFF2025 R2RIFHTERR Bk o (BERBRKRT)

09:05 - 10:35
Session 7
Value Creation through New Method of Expression and Creation 2

HLOWKRR-EMAEICKAMERE 2

Session Chair: Ryohei YUASA (Keio University)
PR Btk ToV (BIERIENT)

09:05 - 09:35
Invited Speech
BEFEE
The Idea of ShinKogei
IN-01 352> T
Hiroshi MITACHI (Shinkougeisha)
=M s sy 79
09:35 Considerations for 3D printing of hollow foods using edible support materials
OP-22 W[ AYR—MAICLD 28GR LD 3D @I EBUT M 7o
Ikumu FUJITA, Hidemitsu FURUKAWA (Yamagata University)
EH R, I S0 (HLTEREE) 81

09:50 Soft Block Molding with Adjustable Porous Flexibility
OP-23  ZR#RMENTHE FIRE/RZALE Y 7 7 my ZIZ L0 b bl Fik

Mitsuhito ANDO, Tomoya YOSHINAGA, Haruo NOMA (Ritsumeikan University)
LR A, K B, B R4 (OZEERT) 85
10:05 High-resolution 2D Printing of Complex Fiber-based Patterns Using Melt Electrowriting

OP-24 High-resolution 2D Printing of Complex Fiber-based Patterns Using Melt Electrowriting

Lu Huali, Huaizhong XU (Kyoto Institute of Technology)
Lu Huali, Huaizhong XU R T 2AHE ) 89
10:20 Large-scale robotic clay 3D printing of porous structures for creating macrobiotic living environments

OP-25 % fLE G Z MV o AW /L BERBE DRI D720 O RBUR bRy ML DK £ 3D 7V T 17

Gergely Peter BARNA', Bénédicte JACOBS?, Kazutoshi TSUDA!, Thomas ORTIZ?
('Kyoto Institute of Technology, *Larbitssisters, *Fungicha)

Gergely Peter BARNA!, Bénédicte JACOBS?, Kazutoshi TSUDA!, Thomas ORTIZ?
('Kyoto Institute of Technology, *Larbitssisters, *Fungicha) 91

10:40 - 11:40
Session 8
New Mechanism and Unique Structures 2
FLOWAN=ZX L2 =—H#EE 2
Session Chair: Yoichiro KOGA (Promethean)
JEER: W FE—RL (FRAVT UG

10:40 Form-Making and Creative Support with Spatial Puzzles Composed of Plank Materials

OP-26 FHEMIZL DRI SRV T TR ER SR S

Yahui LYU, Junwei AO, Shuai SHAO (fofo lab)
i MR, A et AR R (FA74+TR) 95
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10:55 Design and Evaluation of Twin-Deformation Phase-Transforming Metamaterial Dampers: Toward Applications for Seismic Vibration Damping
OP-27 MEAEFRNEE AL < T VT VL LS —GR 5 R R IRBIEOR ~ DS T T
Yuichiro KOIZUMI" Sei HIROOKA', Masayuki OKUGAWA', Yuhen LIU', Hirotoshi KAWABATA!, Lei WANG', Hisatoshi KASHIWA',
Shiori TANIGUCHI, Takaharu NAKANO2
('Graduate School of Engineering, The University of Osaka, *Institute of Integrated Research, Institute of Science Tokyo)
AN TEER Y, BER B, BRI CRHT Y, B EAE L G SAR Y, £ OE L M MR
B L R BER 2 (" RIRRZERZERE, 2 RO RFRT) 99
11:10 Self-Adjusting 4D Sealing with Tough and Flexible Double Network Gels
OP-28 ZF#KTHLL, IRIKIZRSLUV——DN /L& - H iR 4D v — )L
Haruto YAMAZAKI Hidemitsu FURUKAWA (Yamagata University)
g &, &I 30 (IR 103
11:25 Out-of-plane rotation of parallel-cut paper
OP-29 EATHIVAL LIV H S EHA
Chisato IEKI, Tomohiro TACHI (The University of Tokyo)
FA TH, & M7 CGROERE) 107
11:40 Session 7&8 Authors Interview
Session 7&8 A —H—RA A ZE 2 —(OP-22~0P-29)
13:15-13:35
Activities Introduction of Organizations Sponsoring SIG-4DFF
A 4Hh 3
ADFF AR ERAFENEN
KJ Chemicals Corporation
KJ I N R A
Yamagata University Inkjet Development Center
W RFEA 7T = MRS R 52—
MadeHere K.K.
Rt MadeHere
(IB#k\=4t 3D Printing Corporation)
Mitsubishi Chemical Corporation
ZFEINNRER S
ITOKI CORPORATION
RS AR—F
13:35 - 14:50
Demo/Poster: Short Presentation
TE | RRE—: Ia—rJLE T—3y
Host: Junichi YAMAOKA (Keio University)
mls (L R (BT
Practical Production of Upcycled Musical Instruments Using Digital Fabrication
DP-01 FYHNT7 TV r—ar & HLICT v 7 A 7V BER O fifFE I
Karin NAKAYAMA, Ako SUZUKI, Honoka KUBO, Nanaka YONEZU, Suzuka KAWANO,
Tomohiro INOUE, Norikazu TAI, Kazutoshi TSUDA (Kyoto Institute of Technology)
il R, A A, Afk AR, KEE B R, IS R, JF L BT, mIE R, BEE R
AR LasfiME RS 111
Design and development of a homemade 3D printer equipped with a new support structure
DP-02 CHTL\SCHAEEZAEHIL 72 A 15 3D 7V 2 DFREHBHFE
Kosei HORITA!, Hiroyuki MATSUMOTO? (‘Graduate School of Technologists, *Institute of Technologists)
RE BV 1, A ZAT 2 (P HDOKDRFRFRE, 2D OKDRTF) 115
Generative Tectonics: A Dialogue Between Code and Clay
DP-03 =77 47 T/ =UR: a—R&LOxtEE

Yuko ISHIZU!, Junichiro HORIKAWA?, Tomohiro INOUEZ, Tumi NOBORIO?, Haruka IWAMI>  (‘GEL Inc., 2Kyoto Institute of Technology)
e B ) ERR 2, SRR B BRE B, AR R
(B4t GEL, 2 iU LEMRAER YY) 117

vi
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Social practice of precious plastics x Digital Fabrication

DP-04 7L I YATTAFVIXTIOHNT 7TV r—ar DR

Kaito YOSHIZAWA', Tomohiro INOUE? ('Kyoto Institute of Technology, 2KYOTO Design Lab)
WA, b A2 (P B LESAE R, 2KYOTO Design Lab) 121

A Novel 3D Printing Technique for Fabricating Lightweight and High-Stiffness Structures through Optimized Infill Distribution Based on Stress Analysis

DP-05 & /ifibT & I ToA L 7V RAIC LD & - & IE 3D 7V bk

Tomohiro TANIGUCHI!, Misuzu YADA!, Hiroya TANAKA? (*Keio University Graduate School, 2Keio University)
AR CEVEL KHE SRR B 2 (P BER BT R, 2 BEERBRT) 125

Scented 3D Printing Materials Derived from Food Waste and Their Potential Applications

DP-06 & /\WLFEIEMEIREILT D, FVEA L 3D 7V MR Z 0l A% OB

Kawai WONG!, Ruruka YOSHIDA?, Takumi TORII'!, Hiroya TANAKA? ('Keio University Graduate School, 2Keio University)
W OEE, HH 5542, BE 5, | i 2 (P BESRBRFRF T, 2B ERTART) 129

Proposal for Perishable Concrete Using Salt to Evoke Awareness of Material Temporal Change
DP-07 FEM ORFRIZIL~DOBILZ G & T, AR MWL V= Z7)—hORE
Hinata HIRASHITA, Oh HIRANO, Hiroya TANAKA (Keio University)

O Oefz, FE R, HT i (BIEFRRAT) 133

A Density-Based Control Method for Underwater Behavior of Structures and Mechanisms Using Component-Wise Design

DP-08 /KT COMEIEYOAE D 2B 24 ih = L O LR FHI IV HIE 2 Fik

Ryoma KATO, Issey TAKAHASHI, Tomoko HASHIDA (Waseda University)
INiE R, S Rk B (B R BE) 137

The MEWron: Open-source Melt Electrowriting
DP-09 The MEWron: Open-source Melt Electrowriting
Simon Luposchainsky, Paul D. Dalton2, Huaizhong Xu! ('Kyoto Institute of Technology, ?University of Oregon)
Simon Luposchainsky!, Paul D. Dalton?, Huaizhong Xu!
('Kyoto Institute of Technology, 2University of Oregon) 141

InThread: Enabling Co-Creation Through Interactive Weaving
DP-10 InThread: /> %777 47 7ekk0 %8 U= 34| D EE]
Innamia INDRIANI, Akira KATO, Junichi YAMAOKA (Keio University, Graduate School of Media Design)

AT ALRYT =, I B, Ll (BEERBRF RS BE) 143

Bending—Torsional Buckling Analysis of Elastic-Ribbon Polygonal Units

DP-11 W UR Z A 2=y NERO T - QU ARYT

Kaoru AOKI, Rinki IMADA, Tomohiro TACHI (University of Tokyo)
HA B, AW B, 8O CRECRT) 147

High-Stacked Fabrication and Morphological Control of Large-Volume Tubular Scaffolds via Melt Electrowriting (MEW) Technology
DP-12 Melt Electrowriting(MEW) i1 a FAV Ve K BT 2 — 7R AF X 7 24— LR O S &1 SR )

ZHANG XIAOYU, XU HUAIZHONG (Kyoto Institute of Technology)
i W, TR HE (B T = HiMER ) 151

Deployment Mechanism of Radial Slit Sliceform Structure

DP-13  HUHRAY Y MUAT A7 4 — LD R Bt

Ryohei YUASA, Tomohiro TACHI (University of Tokyo)
BROIEAN, B CREKRF) 153

Investigation of 3D reconstruction of terrain and architectural structures from LiDAR scanner data

DP-14 LiDAR A% CHRGLIZT —XIZ LD HTEC R EY) O 3D (LD

Yuuki Iwata, Norihiro Kumasaka, Runa Takei, Tatsuhiko Hoshino, Takayuki Uchida (Tokyo Polytechnic University)
A=A, BB EIR, R BisR, BE BZ, NH F=E (R LK) 157

Development of Organic Formwork using Fabric and 3D Printing
DP-15 il 3D 7'V MZ R DA IREL DB

Minchin WANG', Jiei KAWAI?, Takumi TORII', Misuzu YADA', Tomohiro TANIGUCHI'
('Graduate school of Keio University, 2Keio University, *Digital Archi Co., Ltd.)

E RS WG EE2, BE 7, KE EE, A0 T R A, Y 12
(P BEIS B RFE R FLR, 2 BIGFRAKRE, S A1 Digital Archi) 161

Learning Beyond the Classroom: Empowering Students’ Future through Fabrication

DP-16 #H=EZHiiE4 2% —77 7V r— a0 THUEFROR KR

Shu Yamamoto'? ('Seigakuin Junior & Senior High School, 2Seigakuin Education Design Development Center)
A J&] 12 (VEEEBR R R @R, 2 RIE N BB E T A2 2 —) 165

vii
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Non-electric Wearable Soft Actuator with a Modular Pneumatic Supply System and Kink Valve
DP-17 E¥a— NWRIZERIEMAGT AT DX VNN T LD EEN T =T FTT NI TN I F ax—4

Yutaka TOKUDA!, Yang YIZHOU?, Jiaxin ZHU?, Junichi YAMAOKA? ('KDDI Research, Inc., *Keio University Graduate School)
TEE M, A W22 Ok T2, (kE 2 (it KDDI R ERTERT, 2 BEIEREAR T RTFET) 169
Electronic Structure Analysis for Atom-Mimicking Metamaterials
DP-18 LV (4R AY ~ T VT L DT O MR AT
Yuhi TERAMOTO, Masayuki OKUGAWA, Yuichiro KOIZUMI, Shigenobu OGATA (The University of Osaka)

SEASRERRS, BN RHT, AR ORE—ER, D7 RRE (RBR) 173

Foldable Space-Filling Modular Puzzle
DP-19 VAL ZE M FEHAN AT RE/RE Y 2 — /L SRV DR E

Kentaro SO, Tomohiro TACHI (The University of Tokyo)
= EORER, & A2 CRIRE) 177

From Photos to Chocolate: Integrating Environmental Context in Personalized Hybrid Gifts via Chocolate 3D Printing
DP-20 HE)HFaml—h~:Faal—h3D FUMIELREEA T/ AN RO AT ATV R T hOFRSE
Yakun NIE, Kazuhiro JO (Kyushu University)
% MR, W (UMK 181
Fabrication of Periodic Ceramic Cellular Structures Using Digital Fabrication and Slip Casting Techniques
DP-21 7 VUNT7 TV r—ar B LIRS ERA T LD IR £ T3y 7 e S (R O idiE
Soichiro UEDA, Kazuya SAITO (Kyushu University)

REH R—ER, A% —ik (JUMIREE) 185

A Context-Aware Interactive LED Decoration System Driven by Image Generation Al

DP-22 W#EK AL ICEDA2T7T 47 LED iy AT AOHRRE

Jiro NAKAJIMA, Ryohei HATANO (TOPPAN Digital Inc.)
e RER, WL soF (TOPPAN F V& LkkRE4t) 187
14:50 - 16:20

Demo/Poster: Exhibition and Explanation

TE | RRE—: BR-5iHA

Venue Only
TEIRRE—ERIEDH

(DP01~DP22 and Sponsor Organization)

16:20 - 17:35
Session 9
Trials for Social Implementation
HERECA A
Session Chair: Masahiko Fujii (Keio University Institute at SFC)

JER: S HEZ (BERESEEAKY: SFC WFYERT)
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KN-01
EXPO 2025 KPR-BAFaAEIZHI1T5H 3D/4D ;EHDIVIKESEDEE

PEXPO 2025: Current Status and Future Prospects and Utilization of 3D/4D
at Expo 2025 Osaka/Kansai

He &
Hiroya TANAKA

EER2XF

Keio University

[Z#9]

2025 4= H A [E R 2 (TR - BIE T 1)) T, B bEREFETIEIFE 2 3D TV AREHASNTNET.
FDXHN, BIERBENRT: KGRI BBTF VAL & T VXN ~=a 770 F ¥V TAER#—TI1%, 3D V%
D'BEZOLD HAEL | Ear v M, A TR, MRS CER B I TR geaT, st
Digital Archi HESLAIL, HARBFEE Y 727 8 —U7 TOH R ERHIE (TS ) 25 L EL-.

A TIL, ZOEEBELENL, FEEATEN LAY — L Oa v bk e EE TOBBRAIEY R
DET. EBIZ, SRIO G TTEIIE, TERNSTZIEATEILT29X T, 3D TV T4 7 /4D TV T4 T H
WORIRDILIR DB FTREMNZ B 2 TATZWENET .

[Summary]

In the 2025 Japan International Expo (“Osaka-Kansai Expo™), a variety of 3D printers has been used for everything
from food to architecture. Under such circumstances, Keio University Digital Manufacturing and Design Research Center
for Emergent Circularity, based on the concept of “showing the movement of the 3D printer itself,” collaborated with S.
Labo Co. Ltd., HODEN SEIMITSU KAKO KENKYUSHO Co., Ltd. and DigitalArchi Co., Ltd. to create a permanent
exhibition OB #5“Soukaku”) in the factory area of the Japanese Government Pavilion.

In this presentation, I will take you behind the scenes and look back at the process of creating the algae-based stool,
from concept to design and manufacturing. Furthermore, I would like to summarize what was done and what was not
done at the Expo and consider the further development potential of 3D printing/4D printing technology as a whole.
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OP-01

Melt Electrowriting 3D Printing of Biobased Polymers
Huaizhong XU

Kyoto Institute of Technology

[Abstract]

Melt electrowriting (MEW) is an advanced 3D printing technology to process high-resolution scaffolds. Although

MEW has printed many biobased polymers, the printability for most of them is low. This report aims at improving the
printability of poly(L-lactic acid) (PLLA), poly(D,L-lactic acid) (PDLLA), and poly(lactic-co-glycolic acid) (PLGA)
during the MEW process. To this end, the printability regarding jet lag angle and critical translation speed is investigated;

the print limitations of the polymers are discovered; and tensile tests of the scaffolds are carried out. As a result, scaffolds

with high resolution, low interfiber distance, and high layers can be printed.

Keywords: 3D, high resolution, biobased polymer, printability

1. Introduction

Melt electrowriting (MEW) is an additive
manufacturing technology that allows for the printing of
microfiber-based tissue engineering scaffolds'. Although
more than 40 different materials have been printed by
MEW, only poly(e-caprolactone) (PCL) gained great
success for its high printability from the aspect of low
glass transition temperature (-60 °C) and melt temperature
(60 °C). However, the weaknesses of PCL include low
modulus, long degradation period, and low bioactivity.
Poly(lactic acid) (PLA) is another significant biobased
polymer, widely applied in tissue engineering and
regenerative medicine. PLA has a high modulus and a
relatively short degradation period, while stable printing
of PLA or PLA-related copolymers by MEW is a great
challenge due to their low thermal stability. The objective
of this work is long-term and stable MEW printing of
poly(L-lactic acid), poly(D, L-lactic acid), and
poly(lactic-co-glycolic acid), and determining their
processing window.

2. Experimental

Medical-grade poly(L-lactic acid) (PLLA) with a
molecular weight of 130,000 g/mol, and poly(D, L-lactic
acid) (PDLLA) with a D-to-L ratio of 50/50 and molecular
weight of 130,000 were supplied by Musashino Ltd. Co.
(Tokyo, Japan). Medical-grade poly(lactic-co-glycolic
acid) (PLGA) with an L-to-G ratio of 50/50 and molecular
weight of 130,000 was purchased from BMG, Inc. (Kyoto,

Japan). All the polymers were dried sufficiently before use.

Custom-built melt electrowriting (MEW) devices
were used to produce planar scaffolds and tubular
scaffolds. The MEW device contains a pressure-based
feeding system, a heating system, a high-voltage system
(Dong-wen High Voltage, Co., Ltd.), a translation system
(COMS Co., Ltd.), and a collection system. The printing
parameters are shown as follows: 25G, 27G, and 30G

nozzle size, 1~4 mm nozzle-to-collector distance, 2~5 kV
applied voltage, 50~200 kPa Nitrogen pressure,
150~200 °C print temperature, 2~20 mm/s translation
speed. The printing process was conducted at a room
temperature of 22~23 °C with a relative humidity of

34%~36%.

3. Conclusion

Figure 1 shows the results of MEW of PLLA. We can
print large quantities of scaffolds with large dimensions
since the jet lag angle can be kept larger than 0° for 24
hours. Also, we can print scaffolds with nonlinear patterns

smce the Jet lag angle can be kept stable for 15 hours.

wo":a"‘-‘
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Fig. 1. Melt electrowriting of poly(L-lactic acid).

Figure 2 shows the results of MEW of PDLLA. For
long-term printing, reducing the jet speed can greatly slow
down the change of jet speed, extending the processing
window. PDLLA scaffold with an interfiber distance of
100 um can be printed for 100 layers.

SR

o
0 20 40 60 80 100 120 140 160 °
Printing time (h)

Fig. 2. Melt electrowriting of poly(D,L-lactic acid).
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Figure 3 shows the results of MEW of PLGA. PLGA
scaffolds of large volume and large dimensions can be
printed since the PLGA jet is stable for approximately 24
hours. All fibers are tightly stacked with each other due to
the low viscosity of the PLGA melt.

Fig. 3. Melt electrowriting of poly(lactic-co-glycolic acid).

Reference

1. Robinson, T. M.; Hutmacher, D. W.; Dalton, P. D.
"The Next Frontier in Melt Electrospinning: Taming
the Jet", Advanced Functional Materials (2019), 29
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OP-02
F& Clay 3D T Az ANERIERROTH AV

The Design of Memory Experiences Using Sound and Clay 3D Printing
FH B, \WES FTEL WA KKC FHE AR EX BE', WA B

Kai Haruta', Mizuki Ito?, Yuta Uchida® , Kentaro Saito®, Ryuma Shineha', Junichi Yamaoka

'BEZDRERER CHEER CEHEERKE, ‘%X &1t FabCafe Nagoya
'Keio University, 2 Ceramic artist, > Nagoya Zokei University,  FabCafe Nagoya Ltd

[Z#9]
AL, AT & - TR S ZRgs~G3 L, 7 —%—F /-itlBOBMRZ Fixit 327 A1 v Fihkzit
BT 5. AWRIL, KFEET VXV EFHREELMNT S TRNERE L TLESIT 5. SIEIEFEREOF
HAREELZEE L, WIE - RIS A 2 OWrE - Rifi7 7 AT ¥ 12548 L, Clay 3D 7'U Z THUIE LT-.
Hil{E (make) —fH (use) —FEY (talk) THERKT DT —7 v a3 v A2 XV, sEpkik Ofsn & B w6 H 2 WE
kL & BHRDILH AT Z & 2B Lo, KA, R - BaRRE O, (A - ik - 5§50 CED S S
5 UERBIEDONE” ~DisliE BT 5.
F—7J—K: &, Clay 3D FY> 4, T—42740H)L1E, RBiE I=,

D=9 av7

[Abstract]

This study proposes a design approach that maps personally meaningful sounds onto ceramic vessels, reconfiguring the
data—object-memory relationship. We position the approach as a craft practice that bridges digital fabrication and
handwork. Participants recorded family voices and ambient sounds; waveform and temporal features were mapped to
vessel cross-sections and surface texture, then fabricated with a Clay 3D printer. Through a make—use—talk workshop, we
observed that tactile engagement and everyday use after completion prompted narrative recall and sharing of provenance.
The approach aims to shift from a preservation/display bias toward “low-resolution forms” whose value is renewed

through use, touch, and talk.

Keywords: sound, clay 3D printing, data physicalization, memory, craft, workshop
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Fig. 1. Concept design of making—using—storying cycle
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Fig. 2. Volume—to—shape interface
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Fig. 3. Spectrum—to—texture interface
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Fig. 4. Participants kneading clay
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Fig. 5. Participants transforming sound into form
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Fig. 6. Participant’ s work “Sound of Shishi—odoshi” (left)
“Her Violin” (right)
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Fig. 7. Participants during workshop discussion
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Anyone Can Create 'Foam Art' — Development and Application of 3D Food Printing Technology

for Three-Dimensional Foam Structures
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[Abstract]

In recent years, increasing attention has been paid to presentation and design in the food field, and foam-based
techniques such as latte art and dessert decoration have attracted considerable interest. However, three-dimensional
expressions like 3D latte art still rely on the manual skills of trained artisans, and no technology has yet been established
to reproduce them automatically. This study aims to establish a stable foam printing method using the 3D food printer
“FP-3000.” A powdered foaming agent dissolved in water was employed, and its concentration and stabilizer conditions
(e.g. sugar) were varied to investigate foamability and printing stability.

Keywords: 3D Food Printing, Foaming agent, Foam Fabrication, Food Art

1. %5

AR, BIZBITAT A MEORER M ~D B3 FITARETIE, 22Va—R 3D 7—R A& —%

mED, 777 — A=V bW ST T A2 W
KBNS EBE SN TND, T 3D 777 —MIH
R LENHVEENE £o TODH, BURIT B
L7 O FEEIRFLTERY, LN TRICTHE
TE5HENEEEAN IS TR, E2, BEfFED
RISt ER CIIE O E FE TITHOMELH
0, BB B EICHIER L[], 20 X578
BHHH, 3D 7—RF Vo H—HOIEA T OWIE/e L
BITHONTEY, 3D 7—R IV Z—ZI0T AT T7TRT
PAL % ABICERILTEDD, BEITEBRERHI AR
LEEVIDNTUR THH[2].

Current situation

/ (artisanal) \

food foam

O

A

Oﬂ

MW TILIRAE T 2 BT 5720 O FIEEMRAT L.
FIELLT, BHARROERAZ W& g et kR e
L, SRV R 2 B LR 23 DI A B 2 AT
L7z, FEE A EZEIR O 2R A2 REL, fElkLT
EBTNEDERELW ST D EFEL, RfRiEIC X
HRE DO EALCHIRI O BRI & DL EPEIC SN T

DIRAEZATD. Fig.1 ICARBIFEOBE K2R 9. AHFSE

DEFRITAZZENNHIR D FEEMSLL, Bl
PEBRICIEA SN IS TO R HISTEOSLARE TR R 4D
HIE 2R LD DB D EBLA H 5T 2L ThHS.

Research overview

5‘ Future image

\\

3D food printer
,_E_I

Fig 1. Research overview
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2. B AHE
2.1. [ER%ER

fiE L7228 X TFP-3000) EFEELD 3D 7—K 7Y
UHE—THY, HHEEIIAI) 22— THD. Hica
IM BT, A7V a—ICLo TILI 2T
2179, AN 1.2[mm]&L, 3D 7 —RF U —
[FP-3000 |Z{d % FRIE LRI ZAT 7.

22 fERAMH

MEHTIIB AR IR DT & VY, KIS LT
HIELIETREAER L. SHIT, /DL EWZ &
D 5728, WKE R JORHNRL D Ky &2 & e Al L LT
AN, FlE PR ) 2 2L SE RS O E 2T

32 EMRWO T K

SHEREOFMICIE, ERIEE R L E LT 3[%]
IREORERZ AW 1% 1R E ClidEh 23 m<HE
ISR TE LR, 5[ % 1 FE CIIya A E b L Cise ER
DR 7= P RTEE R THD.

Table 2 [ZFIRIT DEEDOIPLH UL E, LAV —FS,
MR AR, FIRIEE 728 OS2 2 bS, -k
Thb.

B (Width (X)), #if (Length (Y)), & & (Height (2))
DO~HEIL Image] ZHWTH Hm%E 5 FIEL, €0
EHEAE HEBEL, bEDETFT N A ERELL THERE
3%,

Table 2. Printing conditions

~7z. Table 1 IZEVAAIEEE DS 3[% DR DR A L E 7R Sample | Extrusion | Layer | Emission Printing
KR Number | Multiplier | Height | factor [%] | speed [%]
Table 1. Foam material ratio [mm]
Solution (concentration) 40[g] (3[%)) @ 10 1 100 100
solvent 38.8[g] ® 10 1 100 75
solute 1.2[g] ® 10 1 150 100
sugar 16[g] @ 10 1 150 75
rice flour 6lg] ® 10 1 200 100
Stirring time 7[min] ® 10 1 200 75
@ 15 0.6 100 100
23 ERLBROETIL 15 0.6 100 75
WER G LTI 2 LT 7 V&% E LT (Fig. ©) 15 0.6 150 100
2). AU, JADRHE CTHLOBEMZ T ) &7 15 0.6 150 75
THA L a T MNIHESHED T, T 0 fusion (12X ) 15 0.6 200 100
DIERCLT-. BT VOV A X1, £ (X) 55.73[mm], it ® 15 0.6 200 75
(Y)30.30[mm], =& (Z)8.0lmm] TH 5. ) 15 ] 100 100
15 1 100 75
® 15 1 150 100
Length (Y) 15 1 150 75
D) 15 1 200 100
<) 15 1 200 75
Width (X)
3.3 EaKlnRE MO
TADZENENE, ERYORGEIZ LD M 8152 TR
I | ‘IH ‘ I ! H IHeight @ L 7=, S e A B ok Y - il LW o T FTRI R (&
A CHIMZFEBIZBIE T 5. £/, FIR#%OER
W LOKRHIBIOTE ORI LD E A k5. $k
Fig. 2. Printed model ﬁkbfzﬁiﬂi{ﬁﬁliﬁo Tb\fIUVﬁ, H#Fﬁﬁﬁ]@&iﬁﬁﬁ
AR O VEINO A BEABIE T 52 L TREMEZ TN
3. EE L7z,

31 EREH

STL 77 AN G-code ZEHT BB ) A NAF%
2.0 ImmUIFREL TATAAZFTVY, EEIZIE 1.2[mm]
B ) XV THIRZEAT 7=, ZHUZ, JastEhsm: i
JRINDFEEAEZREL, ML LOTRE R ESEDHT-D
Thb.
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Table 3. Dimensional accuracy

Sample Number | X (difference) Y (difference)
[mm] [mm]
criterion 55.73 30.30
® 50.85(-4.88) 27.22(-3.08)
) 50.93(-4.8) 28.56(~1.74)
® 53.09(-2.64) 27.92(-2.38)
@ 53.02(-2.71) 30.87(+0.57)
® 53.0(-2.73) 28.23(-2.07)
® 51.06(-4.67) 27.51(-2.79)
@ 52.47(-3.26) 28.05(-2.25)
51.42(-4.31) 27.18(-3.12)
©® 56.76(+1.03) 29.69(-0.61)
55.10(-0.63) 31.28(+0.98)
@ 58.25(+2.52) 31.83(+1.53)
® 54.10(~1.63) 29.50(-0.80)
® 54.98(-0.75) 30.33(+0.03)
53.99(~1.74) 28.84(-1.46)
® 54.94(-0.79) 30.62(+0.32)
55.60(-0.13) 31.68(+1.38)
@ 56.73(+1.0) 30.92(+0.62)
55.64(-0.09) 30.19(-0.11)

Table 4. Dimensional accuracy

Sample | Z(difference) | Standard | Maximum
Number [mm] deviation [mm]
criterion 8.0

® 8.46(+0.46) 0.76 9.32
) 8.13(+0.13) 0.48 8.67
® 8.90(+0.90) 0.59 9.57
@ 8.43(+0.43) 0.46 9.00
® 9.64(+1.64) 0.66 10.29
® 8.55(+0.55) 0.65 9.44
@ 9.97(+1.97) 0.88 11.40
9.36(+1.36) 0.57 10.20
©) 8.97(+0.97) 0.45 9.37
8.93(+0.93) 0.34 9.36
@ 8.79(+0.79) 0.79 10.74
®@ 8.34(+0.34) 0.30 8.62
® 10.37(+2.37) 0.70 11.07
8.97(+0.97) 0.44 9.55
® 8.41(+0.41) 0.43 8.78
9.48(+1.48) 0.50 9.98
@ 9.23(+1.23) 0.37 9.65
8.62(+0.62) 0.52 9.23

SHEREDORE R, mESH M TIE T X TORME TR
FHEXOFZ 2RO AR LT, ZHIREEBRRIC R
WTHEB D ST ERLZEEEZ R LTl sE
A5, —77, MitB L ORI A TlE~AF AUl DR

11 -

Conference on 4D and Functional Fabrication 2025

ML ABIVT. ZHUTREROUHE I C LD 72T T
<, JANVER 2mmIZRRE LT T — X & IAD RN &%
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Gkl A D DR BB L OSHEBE oM |
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42 REM
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#% 10 B UL TR AR L7 (Fig. 3). —75, J4BE 1[%)
TR 71T IR RIS ATRE T 72b D D, 1
TEHZIHAL ST UG IR R R0, FRI# 35 A C
AL L7z, Liedo T, Eia Al EIXF R o & 1%
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Fig. 3. Changes in foam—shaped objects over time (left:

immediately after printing, right: 10 days later)
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HITHALBSELT LI, RO DG RS, A2
T, A7V a—RUTI DMLV T a2 %
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SHITSHEL T BEREITY, FaloXajly
BETFNELIIERAT 7. ARIEICIZ, Wiica
—be—% W laEERL, o RpD “FEOIE
FEE L CER L. AFRICBI D s, &
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REI B GE R O L9~ S A B SE U TIRIR EE S > 1[%)

ZEELTC. Table 5 (FHAJ@Ea—be—%H R
TAOR A THD.
Table 5. Foam material ratio
White foam Black foam
Solution 40[g] (1[%]) 50(g] (1[%])
(concentration)
solvent 0.4[¢g] 0.5[¢g]
solute 39.6[g] 49.5(¢g]
sugar 16[g] 20(g]
rice flour 6.0[g] 7.50¢g]
Stirring time 9[min] 11[min]

ZORER, ZaDH LRV AL T2 s
NERETHY, HAGEIIZ TR AR BLMED M)
EU7 UL, BRI 2 E IS TR D e~ 7. FI
BHE 130[mm/min] - #f HE 10[%]DSRAHTEIEL T 7
& ZAT -T2l s, RN ZELIZOIE L EOAHRT
HY, Z<ITERBALL TR ZHERF TE 72072 (Fig.
4). FRlZa —b—ZERIEEE U7 Va TR R A0 IR L T
LERT, R TR

Fig. 4 Two—color modeling (success/failure)
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1. BASHAATIR—T—VI3D FTA—T1— TU
2T — 71 (Z1:2025.8.20)
https://www.takaratomy—
arts.co.jp/specials/awataccino/

2. Amelia Yilin Lee et al., “Three—Dimensional
Printing of Food Foams Stabilized by
Hydrocolloids for Hydration in Dysphagia.”
International Journal of Bioprinting (2021), 7(4),
pp.393, https://doi.org/10.18063/ijb.v7i4.393
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Perovskite solar cells maximize the use of inkjet method, which allows non-contact application
of each layer in a "3D stacked structure" of four different types of solvent-based inks.

g 18
Tomohiro YAMAZAKI

MRAEHTA- K540
Y-Drive CO., LTD.
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[Abstract]

It relates to the process of layering four layers of four different types of solvent-based inks that constitute perovskite solar cells in a
“stacked 3D structure”, where each layer is printed on a single substrate using a non-contact inkjet application method. The different
types are semiconductor, metallic and non-proton polar solvents dispersed or dissolved in solvent-based inks, which are crystallised
and hardened layer by layer to realise a printing process in which semiconductor FETs, light-emitting elements, power-generation
and light-receiving elements in a stacked 3D structure function electrically. This is the field of printed electronics. Materials
dissolved in non-proton polar solvents are difficult to apply using conventional inkjet methods, but heads that solve these problems
have been marketed.

Key words: perovskite solar cells, printed electronics, lamination, polar solvents, inkjet
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Fig3. Spin—coater production process

4. BRI FSATDEZSD
ATV =y MBI N0 T AA N TR

moft 175nm ST AR

FEE wES B2t

TR ¥ 24 (hn
AJ Sn02% P=t-< )]

k-3
2% Wizt
MERT
-

Fig4. Inkjet sheet—fed coating process
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Table1. Published perovskite fabrication methods.
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Figh. 175nm light source Fig6. SUS gear pump

Fig7. negative pressure

Fig8. Ink Circulation Controller
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Fig9. non—discharge nozzle defect inspection.

a7 A A MK 300mm B A i & AR
B IERAT T L DA S E R TR
. BN HE I SRS S LB RE 1 I8 T RE

. TR - IF LI 2 AT AT RE
. Sn02 FK - TiO2 REEHA 7 H vl 5E

. BHE A SiNx O B4 AT

. N2 =7 — ik RV ES AT RE

Fig10. 300 mm coating machine for perovskite solar cells.
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Research on SLS 3D-print molding for fire retardant decorative building materials
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AFgEiT e — 2D RAERZRIH 22 LI K0 EZ O 72 3D TV MIRIZE T 260 ThD, ik
LU I REL — P —BENC IR B AL 95 SLS J72K (Selective Laser Sintering Method) 2 AV, #tIE &L
TPPHRITRE L) HEH LT, Br—RA% B &L T 30%0°5 50%OHFHTIRA Lz 3D g7 iz
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[Abstract]

This research concerns 3D printed molding with enhanced fire retardancy by utilizing the carbonization of cellulose.
The molding method used is SLS (Selective Laser Sintering Method), which melts and recrystallizes resin powder using
laser irradiation; PP (polypropylene) was used as the resin. A 3D printed molded samples containing over 30% cellulose
in weight ratio achieved V-0 in the UL94 combustion test, and the mixing rate of the conventional flame retardant was
significantly reduced to 1/3 of the previous level. It is expected to be used in public facilities where fire retardancy is

required.
1. E#h DSC (mW)
SRINRECT FA LB HENEL 72 3D TV MR 10.004 BRILRR 13087C
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W RZEL — W —IZX0BERE 95 SLS (Selective Laser -.001 * 4 o
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U ABAI OB & &2 BRI 72 SDZ U N OB A4 Fig.1. DSC of PP (polypropylene)
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~— J108M) ZfEH L7z, £ DSC URZEFEZEFT) D DOFIPATEZ T,
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SLS 55 3D Z VU MEICE T A LA MR LT, FHNC IR 180°C

BALMBHEL TR A r—2 (HARB (R KC TR LIORLIZEEH D joll
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EAEH 2 \RT, BARELE— 2O EZITH 30~150 Too ZDOH%, BT
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Fig.2. SEM photograph of cellulose
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Table 1. Composition of materials used in the
experiment

. SBEREY v L

| PP | AR w#| | 3D

== VLI el VY | VRN e
r R

Po | 100 0 0 0 - &)

Pl 36.7 3.3 30 30 O O

P2 36.7 33 40 20 @] @]

P2.5| 36.7 33 45 15 O O

P3| 267 | 33 50 10 o 8

P4 70 0 0 30 - O
EEHE (%) O =i

22 3DTYURRRLEE

SLSHAD 3DV Mk L LT, FES (BR) A
@ 3D Systems #1:84 ProX500 Z# Fi L7z, AL 381
X 330 X457 mmC L7 % 150 um fICFEEL
e L—Y—TEEL,3D SV E LT,
FO7at AKX 3R T,

e L—+— SCAN
—= T HESS
L—F— st

I — B mumE. L —F—BsTota
73

i
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e

*® 58,71
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H EARA TR

Fig.3. 3D print molding Process of SLS method
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Table 2. Relation between LOI
and material flammability

LOI (%) |HElORIMEDBER
2UTF |MRZA B, AR,
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Fig.4. Measuring apparatus for Limiting Oxygen Index
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150 mm® 3D7VU RN, BIOH AT 7 V% vz,
ST ENTKFERBREFEERBRAHY, V-0 L
JAAZOWTIE, K% 10 B/ 2 BHTREEZDOREF OB
BERERI N 10 FOLAN, o0 is Hi-a Bk g kL
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Fig.5. Combustion test based on the UL94 standard test
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Fig.6. Measurement results of LOI as a function of APP ratio
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Table 3. Results of UL94 combustion test
R * )l O0—23
ol i DRENET s 307y ¢
s YA |KEY I
7 lmatE (%) |RatkE (%)
P1 30 30 V-0 V-0
P2 20 40 V-0 V-0
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P3 10 50 V-0 V-1
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L7z,
32 YU T ILDEREE
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Fig.7. Porosity of the samples as a function of weight ratio

of cellulose
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Fig.8. Thickness of char after combustion test
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Fig.9. Comparison of micro—structures of char between molding

sample and 3D print sample before and after combustion test
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Fig.10. State change of powder materials

during laser irradiation of SLS method
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Table 4. Experimental results of LOI and UL94 combustion

test
RERE 180°C EREE 190°C
¥kl 0— 2 EEmAL
bz s LOI UL LOI UL |EEFHE
T (%) |mmmm| (%) | e kR
P2.5 23.8 V-1 25.6 V-0 0.5FH LU
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Creation of hollow gel structures through buoyancy and sedimentation control:

Development of P-DN gel molding technology for 4D printing
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[Abstract]
In recent years,

with the advancement of 4D printing, hydrogels that swell and contract in response to external stimuli

have garnered significant attention. We have developed techniques to fabricate several types of hydrogels using both

Direct Ink Writing (DIW) and Stereolithography Apparatus (SLA) methods.

fabrication requires support materials,
removed after curing. Therefore,
by placing the stage inside a bath,

and utilizing buoyancy.

Keywords: 4D printing, hydrogel,
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hydrogels pose a challenge because,

DIW method, SLA method,

-21-

While conventional DIW hollow structure

unlike PLA, they cannot be easily

we aim to establish a support-free hollow structure fabrication method using DIW
controlling the viscosity of the internal aqueous solution to suppress sedimentation,

viscosity control, hollow structure
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Direct Ink Writing Method
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! Water + Thickener

Fig. 1 Research Summary (DIW, Shaping, and 4D Printing [2])

conventionally

2.2 &R HE Table. 1 Shaping Conditions
ARWFFETIE, EIEHM B E LT P-DN(Poly-Double . -
Network)s* /L%, 32 EHIIC IXBIRAI L LT Yo 20 4 B i
DERILF K A A - /7 Elmm] 0. 92
P-DN 7 VoI, €£/~—LL T N, N- J& 7 S [mm] 0. 65
Dimethylacrylamide (DMAAm), ZEF& AL T N, N'- ¥ [ 1. 00
Methylenebis acrylamide (MBAA), JEABI#GAIEL T
Diphenyl(2 , 4, 6-trimethylbenzoyl)phosphine Oxide LY BBl mm/s] 700
(TPO)ZAE AL T-. S mW] 78
EREHROHEREA L L TRH 20 0] b B LI B Lt — Ao ME[mm] 0. 4
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Table. 3 Calculation Results

TR EE (%) 0. 07 0.08 | 0.09 | 0.10
FeHIFEH n [ 0. 654 | 0.601 | 0.493 | 0.463
FRREE A% K[PaS™] | 0. 123 | 00.146 | 0.180 | 0.199
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Fabrication Method of Temperature-Responsive Hydrogels using Uniaxial Extensional Flow

for Improving the Functionality of Soft Actuators
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[Abstract]

In this study, we developed an apparatus capable of applying uniaxial extensional flow and investigated the effects of
cooling conditions and acceleration during lifting on the shrinkage behavior of chemically cross-linked thermo-responsive
hydrogels. When a room-temperature metal stage was used, the gels became opaque, whereas a transparent gel was
obtained by employing a metal stage cooled to —20 °C. Furthermore, the shrinkage ratio increased with increasing
acceleration, reaching its maximum at 1 G. These results indicate that controlling the orientation of polymer chains is
effective in enhancing shrinkage properties. Future work will focus on utilizing polymer chain orientation control to
improve gripping force, aiming at applications as actuator materials.

Keywords: 4D printing, Polymer orientation, NIPAAm, Uniaxial extensional flow
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Fig. 1. (a) Schematic of extensional flow gelation apparatus

(b) Photograph of extensional flow gelation apparatus

F 2 —4(EC-DS6XMAH, A2V a] EiE% 40
& —ENMEE TR EISH, nitﬂ**i@nftﬂ/@mz
*iﬁiﬁfﬂﬁ’ﬁﬁ/%%zé ENTED., AR =74
AR EOREIAT —IZEOHT B, R TR TS
TS, RIET 7T 2 —H| RSN IF B A mL
THEESILTEY, ZOMEIZIVREHERIZHR K 2 G
DN E ZAL 5w fETH5. LD LED UV Ak
(OSVIXDESEIS, 365 nm, Optosupply)lZatkhasi{l 4 &
DOPHWIZHEESN TS, ZOEE, 6 5D UV 7D
SO D, LS E LB O TN D IOy
JCHEESNTND. 2 B O BRI E (P4K-80,
ETVLTVaNED UV FABIOT 7F a—4D
EREN 2[RI I, 2 A3 2% 0.1 s BAT TRtk 52
ERATRECTdD. 4 B0 FERAEE O T EIRIDLE R )
X 3D 7V ¥ —(Form 3+, formlabs), UV Z-1 M &
DLW IEGEER 3D SV Z—(Al 3D FUH
—, Bambu Lab) CERKL7=. F7=, BB I3 EZH R
ETHCL TS AV
22 NAROFIILDFRE

AFFE T DIREISE M AN AR L OFREHE
HROFBIFIEIZ DOV CTEAT 2. BEISEME AN AR e
TV ERIREIC S TR IR B ELZ T2 D Th .
F/~—I2lE N-AY 7t L7 77 IR (NIPAAm,
7.5% [wVDZE VY, Z4ERIEL T NN-AF LU B AT
ZUVTIR(MBAA, 0.375% [wiv]) &ML, &51Z,
Tk Z A B 35720, ZNHEAY —F—
(CHPS-170DF, ASONE Co. Ltd.)IZ LV # L7225
0.8% [wN] D HRUT 7Y g F MU T A (Sodium
polyacrylate: SPA, AL 2-2000-70,000) /KK 2T
ELTz. KSR/ NEL 72 o7 Z AT, AF—F
—% 140 rpm ICRREL, 24 B L. B —7atmitk
(ZHAELE, W4 °C) CRIFLT-. SRR 7 IR
St EABA4AA] Omnirad 1173(Irgacure 1173, 0. 5% [V/V])
BIRMBICEBZAAT VIR0 RFEL, K E
(4 °C)T 12 B ZRE LT, BURHRIRIZEESM(365 nm)
ZWRH 528 NIPAAm DTV 1V EA L MBAA IC

DRREROGEITL, B EOEWE B EEH T

-26-

a

+ ¥

UV light

' i i ']\\\ ;; /'P
Cooled M8 screw i . i

{ ® : MNIPAAm ——: PNIPAAm ﬁg[: PNIPAAm network ]

Fig. 2. Synthesis procedure of the thermo—responsive hydrogel
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Fig. 3. Method of evaluating thermal responsiveness
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Fig. 5. Thermo—responsive shrinking behaviors of hydrogel

fiber, measured three times at each acceleration
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Direct Ink Writing 3D Printing for Coral Reef Restoration
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[Abstract]

Coral reefs around the world are rapidly declining due to climate change and marine pollution, leading to serious
problems such as the loss of biodiversity and the degradation of ecosystem functions in coastal regions. In this study, we
propose a novel design and fabrication method for artificial structures aimed at coral reef restoration. Specifically, we
utilize Direct Ink Writing (DIW) 3D printing with ceramic materials, cement, and circular materials to design and fabricate
artificial reef units that combine environmental compatibility with structural efficiency. The project was carried out
through workshops at Kyushu University, National Taiwan Normal University, and National Cheng Kung University,
focusing on two approaches: coral cultivation systems in aquaria and underwater artificial reef structures. Future work
will experimentally evaluate the effects of these structures on coral settlement and growth under marine conditions, with
the goal of developing a regionally adaptive system for reef restoration.

Keywords: Ceramic 3D Printer, Circular Materials, Modeling, Algorithmic Design3D
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Fig. 2. Direction @): Artificial Coral Reef Structure?
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Fig. 4: Application of derivative Al technologies to DIW printi.
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Fabrication of Hyperbolic Plane Models Constructed from Zippered Annular Strips
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Tamami YAMASAKI, Kanata WARISAYA, Tomohiro TACHI
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The University of Tokyo
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[Abstract]

Surfaces with negative curvature are abundant in nature, and many attempts have been made to reproduce their forms
using flat materials. One known method is to generate a hyperbolic plane model by connecting the inner and outer edges
of annuli. In this study, we first focused on how the shape of such annular hyperbolic planes varies depending on the
connection method and clarified the underlying mechanism. We then designed a zipper that allows the inner and outer
edges of an annulus to be joined and produced multiple identical 3D-printed parts with zippers attached to the annular
edges. This enabled us to construct geometric models that can be reassembled into various hyperbolic planes. In doing so,
we realized an easy way to create multiple types of hyperbolic plane models from a single component.

Keywords: hyperbolic plane, differential geometry, 3D printing, papercraft, zipper
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If
strip is kept flat
on the plane, then
this edge will ruffle,
and this edge will bend
up like the start of acone.

Fig.2. Annular strips for making an annular hyperbolic plane

(reprinted from [3])
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Type A

Type B

Fig. 4. Classification of the paper models
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Additive Manufacturing of High-resolution Poly(butylene
succinate) Scaffolds via Melt Electrowriting

Tong Sun, Liu Yang, Simon Luposchainsky, Huali Lu, Shinichi Yagi, Huaizhong Xu

Kyoto Institute of Technology

[Abstract]

Poly(butylene succinate) (PBS) is a biodegradable polymer applied in tissue engineering. Many methods for

processing PBS have resolution limitations or introduce defects that render them unsuitable for such use cases. Melt

electrowriting (MEW) is a novel 3D printing technology to fabricate high-resolution scaffolds. This study investigates

the printability of PBS with different crystallinities and melt mass flow rates via MEW to make the material available for

a wider range of tissue engineering applications. The results show PBS pellets with high crystallinity and low mass flow

rates can be processed for at least 24 h, with consistent morphology and stable flow rate. These findings expand PBS

processing methods and improve long-term printability in MEW of various polymers.

Keywords: melt electrowriting, poly(butylene succinate), crystallinity, melt mass flow rate, printing stability

1. Introduction

Poly(butylene succinate) (PBS) is a biobased and
biodegradable polyester, which can be made by the
polycondensation of bio-based succinic acid and fossil-
based 1,4-butanediol [1]. As a semi-crystalline polymer,
PBS exhibits a melting point of approximately 115 °C,
and its glass transition temperature ranges from -45 °C to
-10 °C [2]. The macromolecular chain of PBS involves
repeating units of butylene succinate (CsH;204), making
PBS have excellent characteristics, including good
biocompatibility and biodegradability, and the mechanical
performance of PBS is even similar to that of low-density
polyethene [3,4]. Besides, its high extrusion speeds and
short moulding cycles make it suitable for multiple
forming processes [3].

Conventional processing methods to achieve PBS
products include solution electrospinning (SES) [5] and
fused deposition modeling (FDM) [6]. PBS scaffolds
produced by SES have high fiber-specific surface areas
since the nano- or micro-scale fiber diameter, which is
beneficial for cell attachment [7]. Nevertheless, the
randomly arranged pore size and potential organic solvent
residues restrict the cell culture and proliferation [8]. In
contrast, PBS scaffolds achieved by FDM perfectly avoid
organic residual, and the pore sizes within scaffolds are
customised. However, the diameter of fibers fabricated
using FDM is limited to 100 pum since die swelling for
non-Newtonian polymeric melt, which shows restriction
on heart valve regeneration and so on [9,10]. Thus, new
methods are urgently needed to fabricate high-resolution
microscale PBS scaffolds.

Melt electrowriting (MEW), combined with SES and
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FDM, has great potential to deal with these problems.
Scaffolds fabricated by MEW have fiber diameters below
1 pum [11] and fiber spacings less than 25 um [12]. And
the adjustable porosity and interconnectivity within
scaffolds provide ideal access for cell migration and
nutrient transport [13]. While printing, polymers were
melted in the print head above their melting points. A
suitable air pressure extrudes the molten polymer through
the nozzle, and an applied voltage is used to drag the melt
into a jet that passes through the nozzle to the collector
zone, depositing on the moving collector [14].

However, melt-electrowriting is a time-consuming
process involving melt with a low mass flow rate (0.5-
20 puL/h) and prolonged exposure to high temperatures,
which poses a serious challenge to the polymer’s thermal
stability [9]. The stability of mass flow using MEW for
long-term printing is highly dependent on the properties
of the molten polymer, especially its crystallinity and melt
mass flow rate (MFR). Polymers with high crystallinity
have a molecular arrangement that benefits thermal
stability and consistent melting behaviour, which helps
maintain a stable flow during long-term printing [10].
Besides, while printing MEW scaffolds using polymers
with high MFR, the required melting temperature for
achieving stable jet behaviour is at a low stage, reducing
the risk of the polymer’s thermal degradation. It is a pity
that few literatures focus attention on the role of
crystallinity and mass flow rate of polymers on MEW
printing, especially for long-term processing.

Herein, we selected PBS pellets as a candidate for
MEW applications for the first time, demonstrating
controlled crystallinities and reasonable mass flow rates
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to tailor the printability for MEW. Controlled heat
treatment time changed the crystallinities of the material,
and low melt mass flow keeps the processing temperature
at a low level, both of which can help reduce the risk of
thermal degradation while processing. Significantly, since
all the pellets were commercially available in large
quantities, this method can be easily adopted by other
laboratories or used directly in commercial productions.

2. Experimental

Materials: Two models of poly(butylene succinate)
(FZ91PM, PBS 91; FZ71PM, PBS 71) were supplied by
Mitsubishi Chemical Corporation (Tokyo, Japan). These
two PBS have the same melting point (115 °C, ISO 3146)
and density (1.26 g/cm?, ISO 1183). The mass flow rates
are 5 g¢/10 min for PBS 91 and 22 g/10 min for PBS 71
(190 °C, 2.16kg, 1SO 1133).

Preparation of PBS with various crystallinity: PBS
pellets were placed in a vacuum oven at 100°C for
different treatment times. The crystallinities of as-treated
pellets were evaluated by a differential scanning
calorimeter (DSC) device.

MEW processing: A customized melt electrowriting
device was used for MEW processing (Fig. 1). About 1 g
of as-treated PBS pellets were loaded into a 3 mL
stainless-steel syringe equipped with a stainless-steel
nozzle (30 G for PBS 91 and 25 G for PBS 71) and
preheated to the processing temperature for 30 min to
ensure complete melting. the collector was a glass plate
with a 3 mm thickness. The printing parameters were:
3.5kV applied voltage, 100-200 kPa nitrogen pressure,
2 mm nozzle-to-collector distance, melt temperatures
were 140 °C for PBS 71 and 200 °C for PBS 91, collector
temperatures were 50 °C, and the printing speed was set
at 2 mm/s for PBS 91 and 6 mm/s for PBS 71.

Characterization: The morphologies of PBS MEW
scaffolds (9 mm X9 mm) were recorded by a scanning
electron microscope (SEM, Hitachi S-3400 N, Hitachi,
Co., Ltd., Tokyo, Japan). Jet images while printing the
first layers of scaffolds were recorded by a CCD camera
(XW200, Shenzhen Hayear Electronics, Co., Ltd., China)
to evaluate the jet lag angle variation via ImagelJ software
(Fig.1). The mass flow rate of the jet was calculated from
the mass of as-printed scaffolds, measured by an
electronic balance (XS105 DualRange, Mettler Toledo,
Switzerland). The volume flow rate (Qy) was calculated
by the equation of O\=0w/p, where O, refers to the mass
flow rate of the jet, and p refers to the density of PBS melt.
The molecular weight analysis of all samples was
performed using gel permeation chromatography (GPC,
Shimadzu, Co., Ltd., Kyoto, Japan). Dynamic viscosity
measurements of PBS melt were performed on a
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rheometer (Rheosol-G1000T, UBM, Co., Ltd., Kyoto,
Japan). The melting point and crystallinity of PBS pellets
and as-printed PBS scaffolds were measured on a
differential scanning calorimeter (DSC 3100SA, Netzsch,
Yokohama, Japan).
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Fig.1. MEW device and jet images while printing.

3. Results and discussion
3.1 The printability of PBS with various crystallinities
PBS_91 pellets were used for carrying on the study on
the printability of PBS with various crystallinities. DSC
test results are shown in Fig. 2A. PBS 91 pellets, both
before and after thermal treatment, have characteristic
dual melting behaviour, with two distinct endothermic
peaks observed in the DSC curve [15]. The first melting
peak, located at the lower temperature (from 89.1 °C to
98.5 °C), shows a gradual shift toward higher melting
temperatures and clear increases in peak area with
increasing drying periods. And the second melting peak,
appearing around 113.7 °C, remained relatively constant
in both position and intensity. The lower temperature peak
typically corresponds to less perfect or smaller crystallites
formed during cooling or secondary crystallization, while
higher temperature peaks are associated with more
thermodynamically stable, larger crystals, generated from
the melting-recrystallization-remelting process [16]. Thus,
the crystallinity of PBS 91 pellets has a clear increase

from 63.3% to 73.1% with increasing drying periods.
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Fig. 2. (A) DSC curves of PBS_91 pellets after various
drying periods. (B) The mass flow rate of PBS_91 pellets

with various crystallinities for long-term printing.

To evaluate how the crystallinity of polymer affects
the printing stability, PBS 91 pellets with different
crystallinities were processed at 200 °C/30 °C (melt
temperature/collector temperature). Fig. 2B shows that
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PBS 91 pellets with the crystallinity of 63.3% exhibited a
vast difference in mass flow, swept from 2.14 mg/h to
22.73 mg/h. In comparison, pellets with the crystallinity
of 73.1% exhibited only a slight variation in 10-hour
printing (from 0.57 mg/h to 2.66 mg/h). These results
demonstrated that polymers with high crystallinity
maintain stable melt mass flow during MEW processing.
Thus, a crystallinity of 73.1% was adopted for the
subsequent experiments to ensure the stable MEW
printability using PBS 91 pellets.

3.2 The printability of PBS with different mass flow rates

Based on the previous discussion, PBS 91 and
PBS 71 pellets were dried in a vacuum oven to get the
highest crystallinity (73.1% for PBS 91 and 74.5% for
PBS_71). To achieve a stable jet during MEW processing,
the minimum melting temperatures for PBS 91 and
PBS 71 were 200 °C and 140 °C, respectively, with all
collector temperatures set at 50 °C. SEM images of PBS
scaffolds are shown in Fig. 3. In the early stages of MEW
printing, PBS 91 scaffolds exhibited fiber breakage and
irregular fiber stacking. With long-term processing, the
fibers gradually aligned vertically, and the scaffold
structure became more defined in 5-hour printing.
However, fiber misalignment emerged after 24-hour
printing, resulting in a decrease in structural fidelity.
Despite these, fibers within all the PBS 91 MEW
scaffolds remained tightly stacked in the remaining 19-
hour printing. In contrast, PBS 71 scaffolds consistently
maintained vertically aligned fibers and a well-organized
internal structure throughout the 24-hour process.
Additionally, fibers within scaffolds partially adhere to
each other, resulting in pores in the scaffolds after long-
term manufacturing.

Fig.3. SEM images of MEW scaffolds fabricated by
PBS_91 and PBS_71 for different printing periods.

These distinct morphologies are closely associated
with the evolution of jet dynamics during printing. For
PBS 91, the jetting angle decreased unevenly from
approximately 45° to nearly 0° over time (Fig. 4A). A
large initial jet lag angle indicated a significant velocity
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mismatch between the polymer jetting speed and the
collector movement, causing excessive stretching of the
jet by the moving collector. This mismatch resulted in fine
fiber diameter or even fiber breakage (Fig. 3). As printing
continued, this velocity difference between the jet speed
and collector movement was gradually reduced, leading to
a corresponding decrease in the jet lag angle and an
increase fiber diameter within MEW scaffolds (Fig. 3A).

For PBS 71, the jet lag angle increased rapidly from
0° to 32° within the first 3-hour printing period, followed
by a slow and steady rise over the remaining 21 hours
(Fig. 4A). During this steady printing phase, the melt
volume flow rate increased only slightly (from 3.0 x 107
cm’/h to 3.5 x 103 cm?/h), which is significantly stable
than that observed in PBS 91 (Fig. 4B). This small change
in volume flow rate indicated a relatively constant
velocity difference between the jet and the collector,
contributing consistently high-defined scaffold
structures (Fig. 3). Thus, MEW scaffolds fabricated using
PBS_71 show superior printability and structural integrity,

to

compared to those produced by PBS 91.
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Fig. 4. (A) The jet lag angle and (B) volume flow rate of
the jet while printing MEW scaffolds using PBS_91 and
PBS_71 for long-term printing.

The changes in volume flow rate of these two models
of PBS melt are closely associated with the complex
viscosity of the PBS melt. As is shown in Fig. 5A, the
complex viscosity of PBS 91 melt decreased sharply
from 98.5 kPa to 0.3 kPa, whereas PBS 71 melt exhibited
a more moderate reduction from 32.7 kPa to 10.9 kPa.
The stability of polymer complex viscosity ensures a
consistent volumetric flow rate. The variation of the
molecular weight of polymers plays an essential role in
their different viscosity behaviour. As is shown in Fig. 5B,
the molecular weight of scaffolds fabricated by PBS 91
decreases rapidly from 4.5x10° to 1.8x10° (decreased by
2.7x10%) in 3-hour printing and then decreases gradually
to 1.1 X 10° in the remaining 21 hours, which is much
unstable than that of PBS 71 (ranges from 1.7x10° to
1.5%10%). This may be because PBS_91 was processed at
200 °C, while PBS 71 was printed at 140 °C. Since these
two models of PBS have the same melting point (150 °C),
the higher melting temperature accelerated the thermal
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degradation of PBS 91 melt, leading to a rapid decrease
in viscosity, whereas the lower melting temperature
allowed PBS 71 melt to have a slower degradation,
maintaining stable viscosity for longer printing.

A 5
w100 *10
a —=—PBS_91 —=—PBS_91
a = PBS_T1 £ - PBS_T1
2__,105 % "
‘@ B S = 4 \\
9 Th—a A o \
8 10% s ] \\
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S 1pe "y 82 A At
% 10 w % I
£ e —
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Printing time (h) Printing time (h)
Fig.5. (A) The complex viscosity of the jet and (B) the

molecular weight of scaffolds after long-term printing.

4. Conclusion

This study systematically evaluated the printability of
PBS with different crystallinities and melt mass flow rates
using the MEW device. PBS with high crystallinities were
found to reduce the risk of thermal degradation during
printing, thereby supporting long-term MEW processing.
PBS pellets with a high mass flow rate enabled continuous
MEW processing for over 24 hours under low melting
scaffolds with
volumetric flow rates and well-defined structures, which

temperatures, producing consistent

are superior to their low-flow-rate pellets.
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Evaluation of Evaporative Cooling Structures Using Wood Powder-Containing Filaments
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[Abstract]

This study investigates the cooling performance of a mesh structure created using wood powder-containing 3D printer
filament through evaporative cooling. The filament used in this experiment exhibits excellent water absorption, enabling
it to retain sufficient moisture within the structure. By applying airflow to the mesh structure and observing temperature
changes to evaluate its cooling performance, we explore the development of an environmentally sustainable, low-impact
cooling device exhibiting 4D-like behavior—where cooling performance “breathes” in response to wind and ambient
temperature. In the future, utilizing 3D printing technology will enable flexible design of the structure's shape and
dimensions, allowing for structural designs that incorporate complex shapes and aerodynamic characteristics. This aims
to advance toward an economical and sustainable cooling method.

Keywords:3D printer filament, mesh structure, Vaporization, Cooling,
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Schematic Diagram of the Experiment

Table 1. Filament before water absorption
Materials TPU PLA PLA-+Wood ABS
Weight[g] 5.882 5921 5.350 4.801

Table 2. Filament after water absorption

Materials TPU PLA PLA+Wood ABS
Weight[g] 5.939 5.993 5.463 4.827
Increase[g] | 0.057 0.072 0.113 0.026
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Fig. 2. Dimensions of the mesh structure
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Scaffolds via Melt Electrowriting
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[Abstract]

This study systematically investigated the effects of collector temperature and turning radius on the printing

accuracy of Poly(L-lactide-co-e-caprolactone) (PLCL) scaffolds during Melt electrowriting (MEW), achieving

continuous fabrication for up to 46 hours. Dynamic mechanical analysis revealed pronounced environmental

responsiveness, with scaffold stiftness reduced by 90% under physiological conditions compared to room temperature,

while immediate elastic recovery increased from ~70% to ~85%. A 12-month in vitro degradation study in PBS showed

progressive surface roughening, fiber breakage, and reduced mechanical strength, with a temporary increase in tensile

modulus. This

combination of precise MEW fabrication,

environment-responsive mechanics, and tunable

biodegradability makes PLCL highly promising for advanced tissue engineering and soft robotics.

1. Introduction

Poly(L-lactide-co-g-caprolactone) (PLCL) is

biodegradable copolymer known for its elasticity and

a

tunable mechanical properties, making it an ideal
material for applications requiring dynamic functionality,
such as in tissue engineering and soft robotics [1]. Its
glass transition temperature (7)) near physiological
conditions enables the development of materials with
environmentally responsive mechanical behavior. Melt
electrowriting (MEW) is a high-precision additive
manufacturing technique capable of processing polymer
melts into fibrous scaffolds with highly architectural
fidelity. [2] Previous research has explored the MEW
printing of PLCL, but the resulting scaffolds exhibited
low fidelity. [3] In this study, a comprehensive
framework for the MEW of PLCL is established,
encompassing both the development of a stable process
for complex architectures and the characterizations of
their environmentally responsive mechanical properties.

2. Experimental

A schematic of the MEW device is shown in Fig. 1A.
The manufacturing process for PLCL scaffolds was
by
geometrical parameters (Fig. 1B and 1C). Using the

systematically  optimized investigating  key
optimized process, scaffolds with complex 3D structures
- including patterned designs and foldable kirigami-like
were fabricated (Fig. 1D-G). The

mechanical properties, including long-term printing

architectures

stability and dynamic cyclic behaviors, were evaluated
using a universal testing machine under two distinct
environmental conditions: room temperature (23°C, 50%
relative humidity (RH)) and physiological conditions
(37°C, 95% RH).

Additionally, in vitro degradation experiments were
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conducted on PLCL scaffolds for 12 months to expand
their application scenarios. The specific experimental
method was as follows: scaffolds printed at the same
time were placed in glass bottles containing 5 mL of
phosphate-buffered saline (PBS, pH=7.4). They were
then incubated at a constant temperature of 37°C with
shaking at 70 rpm. At different time points during the
hydrolysis process (2 weeks, 1 month, 2 months, 3
months, 4 months, 5 months, 6 months, 8 months, and 12
months), the scaffolds were removed and characterized
for morphology and performance using scanning electron

py (SEM) and mechanical testing.
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Fig.1 (
collector

temperature on scaffold morphology.

(D-G) Representative examples of complex scaffolds
(H) Mechanical

scaffolds during a continuous 46-hour printing test.

architectures. property analysis of

3. Results and Discussion

A stable and precise MEW process for PLCL was
established. By optimizing toolpaths
scaffolds ~ with

and thermal

parameters, defect-free consistent



Conference on 4D and Functional Fabrication 2025

microarchitectures were successfully fabricated, as
confirmed by long-term printing trials (Fig. 1H). The
stability of this process was validated through a
continuous 46-hour printing test, which yielded scaffolds
with remarkably consistent tensile strength and modulus
over the entire fabrication period.

Dynamic mechanical characterization (Fig. 2)
modulation.
Compared to room condition (23°C, 50% RH), the
scaffold stiffness decreased by approximately 90% under
physiological conditions (37°C, 95% RH), while the

immediate elastic recovery improved from ~70% to

revealed pronounced environmental

~85%. The recovery rate also showed strong dependence
on relaxation time, approaching near-complete recovery

after sufficient rest, reflecting the material’s
viscoelasticity. Moreover, the scaffolds demonstrated
excellent cyclic durability, achieving stable and

repeatable mechanical response (maximum force and
hysteresis) after an initial conditioning cycle. This
combination of environmental sensitivity and mechanical

stability is critical for dynamic applications.
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characterization and
environmental modulation of PLCL scaffolds. (A-D) Cyclic
tensile testing performance under room conditions (23°C,
50% RH). (E-H) Cyclic tensile testing performance under
physiological conditions (37°C, 95% RH).

As hydrolysis progresses, the surface of the scaffold
became increasingly rough (Fig. 3A). At 2 months,
broken fibers were observed, and by the 4 months,
obvious microcracks appeared on the fiber surface. These
cracks grew more severe with time, showing the gradual
degradation of the PLCL scaffold in PBS. Fig. 3B
reveals the changes in mechanical properties during
degradation. In general, both elongation at break and
ultimate tensile strength decreased over time, while the
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tensile modulus first increased and then decreased.
Notably, in the first month of hydrolysis, the scaffold’s
elongation at break decreased relatively rapidly, but the
ultimate tensile strength changed little; after 1 month, the
tensile strength significantly decreased. This behavior
can be explained by the decrease in molecular weight

and chain rearrangement during hydrolysis, together with
changes in crystallinity. These factors reduced the
ductility and strength of the scaffold, while chain
rearrangement caused a temporary rise in modulus.
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Fig. 3 The degradation behavior of PLCL scaffolds in PBS
solution. (A) Microstructural changes. (B) Changes in

3 0 05 1 3
Strain (%) Time (month) Time (month)

mechanical properties.

4. Conclusion

This study established a precise MEW process for
PLCL, enabling the fabrication of complex 3D fiber
scaffolds with high structural fidelity and long-term

printing  stability. PLCL  exhibited remarkable
environment-responsive  mechanics, with reduced
stiffness and enhanced elastic recovery under

physiological conditions compared to room temperature.
A 12-month in vitro degradation study further confirmed
gradual hydrolysis and loss of strength, highlighting the
scaffold’s potential for biomedical applications requiring

environmental sensitivity and controlled
biodegradability.
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[Abstract]

Mechanical metamaterials, including lattice and origami structures, have recently gained significant attention. Such
structures typically exhibit complex three-dimensional arrangements of their constituents and possess
strong direction-dependent mechanical properties. In this study, by focusing on periodic origami structures, we
examine their anisotropic behavior, specifically directional Young’s modulus. We introduce a numerical homogenization
approach based on the finite element method to analyze the elastic stiffness matrix of origami structures and evaluate
Young’s modulus in all spatial directions. Furthermore, by employing a rigid origami model, we analytically assessed the
stiffness along specific orientations. Our numerical analysis results provide insights into how geometric parameters and

folding angles influence the distribution of Young’s modulus.
Keywords: Origami, Mechanical metamaterial, Stiffness, Homogenization method
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Fig.1. (a) Folding process of TMP. (b) Geometric parameters of TMP. (c) TMP unit cell showing the definitions of folding angles 05
and 0, based on the upper and lower sheets introduced in (b). (d) Definition of 8, in y — z plane. (e) Side views of the TMP
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Lower

(f)

tessellations at different folding angles 8,,. (f) Arrangement of unit cells in the tessellation.
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(i) top-down view
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(ii) side view : .

Fig.2. Directional Young' s modulus. Three different configurations of TMP; (a) a = 70°, 0,0 = 40°(b) a = 65°,0,,, = 50°,

and (c) a = 75° 0y = 60°.
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Fig. 3. Tunability of directional Young’ s modulus. The stiffness ratio (E,/E, and Ey/EZ) is calculated analytically for two
different configurations; (a) a = 80°. and (b) a = 71.6°. The upper inset surface plots show the directional Young' s modulus

obtained from the FEM analysis.

5. &k

ARWFIE T, A EZE T TS (FFIC
TMP) D=y hE/VIZE B L, MIMED =& ILZE/MTo
FHRAFEZ 2SR~ T, 22 Lo LT
DY 7 Fh FEM 1 L 2B EAIEZ L0 T

BT, i/ T A =5 R0 7212 B DI &
BIRDZEAAS, TP DRI ED L5 ICH %

-2 500 %A Ulz. BUERAT OFEE 5, TP 1X
2 EDFNC LY ¥ o FRNRFERY, 5RVE M
RS EWbholz. 72, WA RET L&
HBAL, 3 FROMIMEIZE L TRITIIC RO S Z &
T, VB ANY S TRICE 2 D HE LRI
AT RMTRE NS, TMP D[ 3F A — & L [A]
CTYH, P 7ioBamanEed 5 L kTRt
DRELSEMNL, 2 FranzB L EXE—omitE, £
720X 3 FAd _RClE—DfE & 2 bmand5 2 LR
inodo. FORMNTYH, 3 HFETHEUMIMEE 225
r— A% FEM fRNTOFER L el 2 &, o 7R n
5 CH— L IR BT E R T GANH D Z LN
Dotz ZTHHORERNS, W NT A =2 D
BREIZX Y, TMP O FIJ5M: % HIH T & 5 Al gEME 0 R
END. AREFFEORE RS RO J5 R A O Rk
ZREMANCIER T2 2 & T, BRICS Uit
EMELORBRGNAREL 725 Z E WIS D.

it
AWFFEIIEHME  (JP24K00770) DBhAK % 5% )
7.

i L

SE Xk

1. Chunlong Wang, Hongwei Guo, Ronggiang Liu,
Zongquan Deng, Yan Chen, Zhong You,
“Reconfigurable origami-inspired multistable meta—
morphous structures”, Science Advances 10 (2024)
eadk8662.

-48 -

Hongbin Fang, Shih—-Cheng A. Chu, Yutong Xia,
Kon Well Wang, “Programmable self-locking ori—
gami mechanical metamaterials”, Advanced Materi—
als 30 (2018) 1706311.

Koyo Miura, Tomohiro Tachi, “Synthesis of rigid-
foldable cylindrical polyhedra”, Symmetry: Art and
Science (2010) 204-213.4.

Koryo Miura, “Method of packaging and deployment
of large membranes in space”, Proceedings of the
31st Congress of the International Astronautical
Federation IAF-80-A31), (1980) 1-10.

H. Yasuda, J. Yang,
amaterials with negative Poisson’s ratio and bista—
bility”, Physical Review Letters 114 (2015) 185502.
Yasuda, Thu Yein, Tomohiro Tachi,
KoryoMiura, Minoru Taya, “Folding behaviour of
Tachi-Miura polyhedron bellows”, Proceedings of
the Royal Society A: Mathematical, Physical and
Engineering Sciences 469(2159) (2013) 20130351.
SEHEERAR, [ BatEiR ), MR, B
(2003).

Reentrant origami—based met—

Hiromi



Conference on 4D and Functional Fabrication 2025

OP-14

A AFTTDOME L UCRRDILIFBE

Three-Dimensional Structure of the Spines and Epidermis of the Spot-fin Burrfish

(Chilomycterus reticulatus)

X X—E' TH &X' XE Sth' HFH HEA° FEk —5° 8 MNE!

Joichiro Nogi!, Yuta Shimoda', Tendo Tomoya', Tetsuro Morita', Kazuya Saito®, Tomohiro Tachi'

VERRAZE, 2 REUBFRZE, 3 AMKRZE
IThe University of Tokyo, 2Tokyo University of Marine Science and Technology, 3Kyushu University

(E£9]

AVHFT T WD TR S BRI, HWIZKELSRET B8 150 KON Ti5Ed
WIS MZEIK, ZORMIAZERBESIZER U, TOMAMA BN OMITIZ X 5 THM )G
FHaHIET, ARl XEORE 23060, W2 85U 258, B ZEE 123 AE
NoHdI L, FRENIRFRZ N RVEEVRGFAET A Z 2 FHA U, 5612, 3D 7V U b
HOEHBE T IVCHEMER L E 24T\, Z OREED R DBMIRE 2 2 L 7=,

F—TU— R EYPRMIZ. BREEE 790777 5—vay

Abstract

This study focuses on the unelucidated deployment structure of the Spot-fin Burrfish, aiming to
clarify its mechanism and functionality for engineering applications. When the fish inflates its
body, its approximately 150 overlapping spines move smoothly without mutual interference. By
recording the arrangement of the spines and skin over the entire body and observing its cross-
sections, we discovered a regularity in the spine-crossing sequence and the presence of a special
tunnel-like structure within the skin. Furthermore, we investigated the mechanical properties of this
structure by conducting experiments, such as compression tests, using 3D-printed replica models.

Keywords: biomimetics, devolapable structures, digital fabrication
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Fig. 1. Taxidermy of the Spot-fin burrfish. Left: deflated
state. Right: inflated state.
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Fig. 2. (a) A spine of the Spot-fin burrfish. (b) Intersecting
spine roots.
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Fig. 3. (a) 3D data of the burrfish obtained via
photogrammetry. (b) Marking the spine locations. (c) A
convex hull applied to the fish body.

Fig. 4. (a) Dissected epidermis of the burrfish. (b) Division
lines on the body. (c) Location of the spines.

(a)

(b)

Fig. 5. The tunnel structure within the epidermis. (a) Before
staining. (b) After staining.
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Fig. 6. Map showing the degree and direction of epidermal
expansion.
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Fig. 7. (a) The overlapping order of each spine root. (b)

Non-intersecting roots. (c) Top layer roots. (d) Middle layer
roots. (e) Bottom layer roots.

Fig. 8. Intersection of the tunnel structures.
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Fig. 9. Arrangement of spines for the models:(a) NoSpine,
(b) ShortSpine, (c) PartialOverlap, (d) FullOverlap.

Fig. 10. Fabricated models: (a) NoSpine, (b) ShortSpine,
(c) PartialOverlap, (d) FullOverlap.
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(a)

Fig. 11. Setup for the single-point compression test.

(b) (c) (d)

Comparative Analysis of Burrfish Spine Models (Linear Scale)

Model Type
= ShortSpine

1, — Pattialoverlap
— Fulloverlap
NoSpine
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30
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Fig. 12. Load-displacement curves for the four models.

Table 1. Mechanical properties of the models (Load and Stiffness).

Model Name  Load [N]  Stiffness [N/mm]
NoSpine 3.05 £ 0.16 0.08 £ 0.01
ShortSpine 3.76 £ 0.14 0.11 £ 0.01
PartialOverlap  11.47 £+ 1.33 0.32 £ 0.03
FullOverlap 12.22 + 0.62 0.36 = 0.02

Table 2. Mechanical properties of the models (Energy Absorption and Loss Rate).

Model Name Energy Absorption [N-mm] Energy Loss Rate [%)]

NoSpine 85.34 £+ 6.95 4.02 + 0.38
ShortSpine 113.09 + 5.84 9.74 £+ 2.58
PartialOverlap 337.06 £ 39.71 19.97 £+ 2.72
FullOverlap 368.35 £ 20.60 20.65 £ 0.88
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Proposal for Additive Manufacturing Technology Tailored to Regional Agriculture
-Development of Additive Manufacturing Using Rice Husk and Rice Flour Paste, and a Surface

Coating Method Using Mycelium-
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[Abstract]

This study explores sustainable manufacturing rooted in local agriculture through preliminary investigations into
extrusion-based 3D printing using rice husks, rice flour, and mycelium—materials linked to Niigata Prefecture’s rice and
mushroom production. We examined paste preparation methods and evaluated texture and appearance, gaining
fundamental insights for process optimization. In addition, we tested the feasibility of applying oyster mushroom
mycelium as a surface coating technique. Overall, these findings provide a foundation for proposing a regionally circular
and sustainable manufacturing process that integrates agriculture with digital fabrication.

Keywords:Rice husk, mycelium, 3D printer, Circular design, recycle
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(b)

Fig. 1. 3D printing device (a)customized ceramic 3D printer
(b)air compressor.
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Table 1. Rice flour paste material preparation conditions

Rice flour Rice flour Rice flour Rice flour
paste A paste B paste C paste D
Rice flour (g) 80 80 80 80
Water (22°C) (ml) 320 320 320 320
Heating temperature (°C) 140 140 140 140
Heating time (s) 720 780 840 960

42 FLIREDOIEERDBIE

RSy B — LKy~ — 21 (Rice flour paste A, B,
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5. FLT, WRBRLED D 12 h %I LN 24 h #4115
FRIMNBEW HLUFHETTS.

Table 2. Printing conditions of sample model for size

measurement
Model A Model B Model C Model D
Binder Rice flour  Rice flour  Rice flour  Rice flour
paste A paste B paste C paste D
Print speed (mm/s) 3.00 3.00 2.70 2.40
Air compressor pressure (MPa) 0.01 0.20 0.30 0.32

Print results Failure Success Success Success
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Top diameter

B3 timceo ez

Fig. 2. Measuring point of size of a 3D printed obJect
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[Abstract]

This study successfully developed a sustainable and 3D-printable cookie dough by incorporating okara (soybean

residue), glutinous rice flour, and xanthan gum. Optimal formulation significantly enhanced printability, structural

stability, and post-baking dimensional accuracy. The research highlights the potential of utilizing food-processing by-

products in food fabrication, effectively addressing food waste and sustainability issues, and demonstrates educational

value by engaging children in nutrition awareness and environmental responsibility through interactive, customized food

printing experiences.

Keywords: 3D printing, Okara, Printability, Sustainable ingredient, Food education

1. Introduction

With the continuous and rapid growth of the global
population, it is estimated that by 2050, food supply will
become a major challenge worldwide [1;2]. Against this
backdrop, changing current food consumption habits,
reducing food waste, and developing more sustainable
consumption  patterns have become  important
international issues. Okara, a by-product of soybean
processing, is currently one of the largest sources of food
industry waste. The production of 1 kg of tofu or soy milk
generates approximately 1.2 kg of wet okara, and the
global annual output is as high as 1.4 billion tons, mainly
concentrated in Asian countries such as China and Japan
[3;4]. Okara is rich in nutrients; dried okara contains about
50% dietary fiber, 25-30% protein, 10% lipids, and
various beneficial bioactive compounds [3;4]. Given this
composition, okara is highly suitable for reuse as a food
ingredient.

3D food printing technology has developed rapidly and
is considered an emerging strategy for addressing future
food and resource waste, offering multiple advantages
such as high customization, reduced raw material loss,
enhanced nutritional value, and innovative applications
[5;7]. As the food industry faces fluctuating demand and
highly variable supply chains, there is a global trend
toward the adoption of information and communication
technology (ICT) and digital manufacturing (such as 3D
food printing) to improve production efficiency, reduce
raw material waste, promote sustainable, personalized,
and flexible manufacturing models, and effectively lower
carbon emissions while enhancing competitiveness
[8;9;10]. Numerous studies have utilized various food
ingredients—such as wheat flour with egg powder [5],
lemon juice with potato starch [6], and freeze-dried mango
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powder blended with flour [7]—for 3D printing
applications. Most 3D food printing adopts extrusion-
based methods, with the final print quality highly
dependent on the rheological properties and formulation
adjustments of the raw materials [7]. However, current
literature lacks in-depth research on replacing part of the
wheat flour with okara and applying it to cookie dough as
a food printing material. With its high fiber and protein
content, okara is theoretically suitable for food formula
reuse, but its effects on printability, structural support, and
post-processing performance (such as deformation after
baking) still require systematic verification.

This study used okara-based cookie dough, combined
with glutinous rice flour and xanthan gum, to investigate
the effects of different formulation combinations on 3D
food printing quality (support and appearance) and further
analyzed the deformation behavior of cookies after baking.
The goal is to enhance the value of okara for food reuse,
reduce food processing waste, and, by integrating food
education, promote the concepts of circular diets and
sustainable consumption.

2. Materials and methods
2.1 Basic Formulation-Printing-Baking-Evaluation-
Formulation Adjustment-Re-evaluation

This study was based on a conventional wheat flour
cookie formulation, in which part or all of the wheat flour
was replaced with okara powder, and milk was substituted
with soy milk. According to relevant research, dietary
fiber, starch, and hydrocolloids each have different effects
on printing and baking [11;12]. Therefore, the dough was
divided into three formulations—A (pure okara), B (okara
+ glutinous rice flour), and C (okara + glutinous rice flour
+ xanthan gum) (as shown in Table 1)—for initial testing.
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Based on the results of printing and baking, the
formulations were adjusted, resulting in four second-
round formulations for further printing, baking, and
evaluation. Besides the main ingredients (okara powder,
glutinous rice flour, xanthan gum), the proportions of the
other components (sugar, egg yolk, unsweetened soy milk)
were kept constant.

Conventional wheat flour-
based cookie formulation

Replacement of wheat flour with okara powder
and replacement of milk with soy milk

(B) Okara powder and @ _Okara Powder’,
) X Glutinous rice flour

Glutinous rice flour
and Xanthan gum

Preliminary experimental screening

{A) only Okara
powder

Optimization of
ingredient ratios in
formulation C

Fig. 1. Formulation Optimization Process

The dough preparation process was as follows: The fat
ingredient was softened and first mixed evenly with the
wet ingredient (sugar), then egg yolk was added in two
portions. Afterwards, the dry ingredients (okara powder,
glutinous rice flour) and xanthan gum were incorporated
and mixed thoroughly. Finally, soy milk was added and
mixed until uniform, and the dough was refrigerated (at
0-7°C) for 12 hours to ensure complete hydration of the
hydrocolloid.

Table 1. Formulation of first experiment in this work

Sample | Okara Glutinous | Xanthan | Sugar ~ | Total
Powder Rice Gum Yolk ~ | Mass
(2 Flour (2 Soy (@
(2) Milk
(2
Al 70 0 0 190 260
Bl 40 30 0 190 260
Cl 40 29.5 0.5 190 260

2.2 3D printing and post-processing

In this study, cylinder (@=50 mm, H=100 mm) and cube
(30%x30%10 mm?®) models were designed using Rhino
software, and G-code was generated with Simplify 3D.
Dough samples were printed using a deposition-type
extrusion 3D printer (YC3D, Taiwan, Fig. 2) at
approximately 26°C. The air pressure was adjusted
according to the formulation (0.2-1.7 kgf/cm?), with a
printing speed of 30 mm/s, a nozzle diameter of 1.5 mm,
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and an extrusion multiplier of 0.2. After printing, the cube
samples were placed in an oven (top heat 160°C, bottom
heat 140°C), preheated for 10 minutes, and then baked for
30 minutes before cooling.

The printability of the material determines whether it
can be shaped by 3D printing and maintain structural
support and integrity after deposition [11]. To facilitate
quantification and comparison of stacking behavior and
stability during printing, this study used the formulations
in Table 1 and Table 2 to perform two rounds of printing
with cylinders (0=50 mm, H=100 mm) and cubes
(30%x30%x10 mm?®). These two simple geometric shapes
were used to evaluate the stacking support, surface
smoothness, and the degree of cracking and warping after
baking for each formulation, with a comprehensive
printing quality score assigned.

Fig. 2. YE3D 3D printer

04

Fig. 3. Cylinder (@=50mm, H=100mm) and Cube
(30x30x10mm3) in preview mode

3. Result and discussion
3.1 First-Round Formulations (A1, B1, C1)
3.1.1 Printing Performance

The results of the first round of printing and baking are
shown in Table 2. In the first experiment, all three
formulations (A1, B1, Cl) from Table 1 exhibited poor
printability, and none could produce a complete cylinder
with a height of 100 mm. The A1 cube was square but had
coarse particles and large gaps, likely due to the high fiber
and protein content of okara; without starch and
hydrocolloid, the extruded lines broke easily and layer
adhesion was poor. For B1, replacing part of the okara
powder with glutinous rice flour resulted in a moister
appearance and improved adhesion, but support was
insufficient, and the cube collapsed. In C1, adding 0.2%
xanthan gum improved the extrusion continuity but still
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failed to print a complete cylinder, and the cube also
collapsed, possibly due to an excessive proportion of rice
flour.

3.1.2 Baking Performance
After baking, the A1 cube exhibited severe cracking
and warping. B1 showed improvements in both cracking
and warping, while Cl—with xanthan gum added—
showed a significant reduction in cracking, and warping
similar to Bl. In the second experiment, all four
formulations (C2—C5) produced cubes with minimal
and less

cracking and warping, smooth surfaces,

graininess.

Table 2. First-round printed and baked samples

Sample A1 B1 C1

Fail Fail Fail

Cylinder

Cube

Cube
(Baked)

Printing
quality

3.1.3 Formulation Optimization

Results from the first experiment indicated that C1 had
the best overall performance. Thus, the C1 combination of
okara powder, glutinous rice flour, and xanthan gum was
considered the most suitable for further development. The
printability results for A1 and Bl showed that okara
powder mainly contributed to dough support, while
glutinous rice flour improved extrusion smoothness and
reduced cracking. Based on these findings, the proportions
of okara powder and glutinous rice flour were adjusted to
produce the second-round formulations C2—C5 (Table 3).

3.2 Second-Round Formulations (C2—-C5)
3.2.1 Printing Performance

The results of the second round of printing and baking
are shown in Table 4. In the second experiment (C2—C5),
after adjusting the ratios of okara powder and glutinous
rice flour, all four formulations successfully printed
complete cylinders with a height of 100 mm. Among them,
C4 and C5 showed the least tilting; the cubes also
exhibited improved collapse resistance and good adhesion,
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with C4 and CS5 performing the best.

Table 3. Formulation of second experiment in this work

Sample | Okara Glutinous | Xanthan | Sugar ~ | Total
Powder Rice Gum Yolk ~ | Mass
(2 Flour (@ Soy (€3]
() Milk
(€9)
C2 45 24.5 0.5 190 260
C3 50 19.5 0.5 190 260
C4 52.5 17 0.5 190 260
C5 55 14.5 0.5 190 260

3.2.2 Baking Performance

Based on comprehensive scores for support,
appearance, and degree of warping after baking (scored 1—
5, where 1 is the worst and 5 is the best), C4 showed the
best overall performance, demonstrating good structural
support, a smooth appearance, and no significant cracking
or warping after baking. Therefore, C4 was selected for
further diverse shape-printing tests in the subsequent

development of this study.

Table 4. Second-round printed and baked samples

Sample Cc2 C3 C4 C5

Success Success Success

Success

Cylinder

Cube

Printing

quality

3.3 Practical Application as Food Education Tools
After confirming the good printability of the okara-
based dough, this study further explored its application in
food education. According to the literature, gamification
and serious games can effectively enhance children’s fruit
and vegetable intake, nutrition knowledge, and healthy
attitudes, while encouraging children to explore new
foods, increase acceptance of novel ingredients, and
reduce picky eating [13]. In this study, 3D printing
technology was used to produce various geometric shapes
such as “Tapered Cylinder” and “Twisted Column” (see
Fig. 4), helping children connect food shapes with
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geometric structures through observation, touch, and
tasting, thereby strengthening sensory cognition and

increasing their understanding of food diversity.

AN ¥ .“\ A # i P -
Fig. 4. Actual Printing Results of Food Shapes with
Various Geometric Structures

4. Conclusion

This study developed a 3D-printable cookie dough
formulation (C4) using okara as the base material,
combined with glutinous rice flour and xanthan gum,
demonstrating excellent printability, support, and baking
stability, and confirming the effective reuse of food by-
products in digital food manufacturing. 3D food printing
technology enables personalized nutrition design and high
automation, helps establish new food supply chain models,
and promotes mass customization and resource circulation
[9;10]. Furthermore, this study verified the potential of
okara 3D-printed foods as innovative educational tools,
which can enhance children’s nutrition knowledge,
environmental sustainability awareness, and hands-on
abilities, demonstrating high educational and practical
value. It is recommended that future research continue to
expand the diversity of food materials and formulations
and apply this technology in broader contexts to promote
a more personalized and sustainable development of the
food industry.
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Abstract

Bioprinting is a fairly new technology in the field of tissue engineering. Keratin-based biomaterials showed promising

results in corneal tissue engineering, but have not yet been implemented for corneal bioprinting. This study developed a

novel bioink by incorporating keratin-derived biomaterials into a hyaluronic acid bioink loaded with corneal cells. The

printed constructs were evaluated for biomechanical properties, light transmission, cell viability, and protein expression.

Results demonstrated that the addition of keratin-derived biomaterials may have led to an improvement in cell viability

and protein expression, highlighting the potential of the underutilized biomaterial.

Keywords: bioprinting, cornea, keratin, hyaluronic acid, keratocytes

1. Introduction

Corneal blindness remains a major global health issue,
but the scarcity of donor corneas limits treatment options.
To address this issue, tissue engineering and bioprinting
have emerged as a promising solution in recent decades.
Bioprinting uses a computer-aided design (CAD) and a
layer-by-layer method of biomaterials and bioink, a
combination of biomaterials and cells, to recreate the
structure and function of tissues, for example a native
cornea. An ideal bioink for corneal tissue engineering
should
biocompatibility, mechanical stability and is capable of

demonstrate sufficient transparency,
supporting cell viability and differentiation. [I] One
common biomaterial used is collagen, which is often
This
controversial and alternative recombinantly produced

derived from animal sources. is ethically
collagen has been very expensive to date. A possible
alternative could be keratins. Keratins have already been
used in the tissue engineering field and also for corneal
application, showing promising results in vitro and in vivo
studies. [2, 3] Keratins are often gained from human hair
or nail waste, making them ethically reasonable and
possible cost-effective. The potential use of keratins in
bioprinting and especially corneal bioprinting remains
underutilized. This study aims to bridge this gap by
developing and implementing a keratin-based bioink for
corneal bioprinting. The bioprinted constructs were
studied on light transmission, biomechanical properties

and cell viability as well as specific protein expression.

2. Concept

~
Y _

). - - -

Figure 1: Keratin extraction after Shindai method

4
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Figure 2 Bioprinting using hydrogel with cells,
postprinting crosslinking with UV light

Two keratin preparations, an aqueous and an alkaline
extraction, were extracted from human hairs after the
Shindai extraction method. [4] Furthermore aqueous
keratin was chemically modified to methacrylated keratin
(KerMA). To confirm the successful functionalization of
methacrylated keratin (KerMA), various characterization
methods such as proton nuclear magnetic resonance
spectroscopy (‘H-NMR), infrared spectroscopy (IR) as
well as a cytotoxicity assay (MTT) were performed. The
keratin derivates, aqueous keratin, alkaline keratin and
KerMA were
hyaluronic acid (HAMA) bioink and compared to a
collagen-HAMA bioink as well as solely HAMA. Two
different cell types, immortalized corneal keratocytes
(HCK) and primary human corneal fibroblasts (HuFib)
were used. Corneal stroma like constructs were printed by

incorporated into a methacrylated

evaluated
the

extrusion bioprinting and on optical

transmission by measuring extinction and
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macroscopic evaluation, biomechanical properties with
compression and tensile tests, cell compatibility by using
a live/dead assay and protein expression by indirect
immunofluorescence of collagen type I and alpha-smooth
muscle actin, all over the course of four weeks.

3. Results and Discussion

The successful modification of KerMA was confirmed by
"H-NMR and IR, verifying the methacrylation of keratin.
Furthermore, a cytotoxicity assay assured that the new
biomaterial is non-toxic. This first step is crucial for
further
engineered implants must be transparent to allow vision.

bioprinting  experiments. Corneal tissue

All bioprinted constructs demonstrated high light
transmission. Although aqueous keratin and KerMA
bioink showed slightly lower transmission values, they
still met the necessary criteria set by macroscopic
evaluation. From a biomechanical standpoint, all bioinks
showed similar mechanical properties. This might suggest
that HAMASs influence contributes the most to the
structural integrity. However, with the addition of KerMA
a slightly higher tensile strength could be detected. Further
supporting the use of KerMA.

High cell viability was observed across all bioink
formulations. This confirms that the bioprinting process as
well as the hydrogel matrix did not harm the cells and thus
were biocompatible. Moreover, a higher proliferation of
HCKs could be
supplemented bioink. This suggests that the addition of

seen in collagen and KerMA
collagen or KerMA might support a more suitable
environment for the HCKs. Although, HuFibs also
demonstrated a high cell viability, no proliferation could
be seen in any bioink formulation. This might possibly
hint that the environment for the HuFibs is hindering a
proliferation as in a 2D culture a high proliferation could
be seen. Protein expression of collagen type I and alpha-
smooth muscle actin, was relatively low across all bioinks.
A subtle but notable increase was observed in Collagen
and KerMA bioink of the HCKSs, possible correlated to the
higher proliferation seen by the cell viability assay. Unlike
in 2D Culture, the HuFibs did not express the amount of
collagen type I as it would have been expected. This could
led to the assumption that the HuFibs were in a quiescent
state, to further prove this more studies and other protein
expression and quantitative evaluation by gene expression
would be beneficial.

4. Conclusion
The development of a suitable bioink and the search for

new biomaterials remain a challenge in the field of
bioprinting and particular in corneal bioprinting. The
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results of this study are a further step to new biomaterials
that could be used in bioprinting. Keratin-derived
materials are a promising and underutilized material and
alternative to more traditional biomaterials like collagen.
The possibilities of keratin-derived biomaterials were
demonstrated in this study. The characterization of the
bioprinted discs confirms the possible suitability of
keratin-derived ~ biomaterials for corneal tissue
engineering and bioprinting. A positive contribution of
KerMA to the HAMA bioink was demonstrated by a
higher mechanical strength as well as an increase in
proliferation and higher expression of collagen type I in
HCKs. Furthermore, even though a proliferation and high
collagen type I expression of HuFibs was expected, this
did not occur. Nevertheless, this information could be
used to better study and understand the behavior of
HuFibs in a new 3D printed environment. In summary,
this study successfully demonstrates a new biomaterial
and the use of keratin-derived biomaterials as a viable,
addition Further studies

recommended to understand the use of keratin-derived

novel to  bioinks. are
biomaterials in the field of bioprinting. This should not be
limited to corneal bioprinting, but possibly extended to

other areas of tissue engineering.
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Fundamental Technology of creating files for 3D printing using voxels format FAV
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Voxel 77 A NEE FAV 4 57-3D BN IZOWTHRE 5. FAV 28I 35&, STL 77 AL D5
IETLARL CHEMEZ STL 7 7 AV DRREITHZE72LIC, 3D EEITHOZENTESD.  color map ([ZH X TEHD T,
15D 7 7 AN THT—IERL A TESH. BRI, FAV O# Voxel 75 Additive Manufacturing(AM)IZ A /] T& 5
PNG 77 A NS A S A7, FEERIT Stratasys fHHL0 GrabCAD |2 PNG 77 A /v AR —REEC, 3D
W AIRE/ R &2 g, 2Dt LC Voxel DM #EEAZFIHL T, #IRITH725 Voxel IZFHEISHT, {LED3D
722 OB EIZ OV TH3D G AR AR 95, 7eds, —HOHIMEDZEWT FAV X7/ A7) —72
DT, BEED T —3D EHAE S THHL A NILENTHS.

F—7J—F:3D EFTYLY PNG I71I)L, Rt

[Abstract]

We report on the basic technology of 3D modeling using the FAV voxel file format. By using FAV, it is possible to
overcome the weaknesses of the STL file format and perform 3D modeling without editing complex STL files. It also
supports color maps, so color information can be shared within a single file. Specifically, it demonstrates the key points
for generating a PNG file from an FAV parent voxel that can be input into Additive Manufacturing (AM). It demonstrates
the feasibility of 3D modeling by importing the PNG files into GrabCAD by Stratasys. It also reports that by utilizing the
hierarchical structure of voxels and subdividing them into several generations of voxels, it is possible to make 3D models
of many physical quantities in 3D space. Except for some technologies, FAV is license-free, so we hope that it will be
useful for your color 3D modeling.

Keywords: 3D modeling, PNG files, voxel
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Fig.1 Circular and diamond—shaped structures. The left image
shows each individual shape. The middle image shows the case
where the spaces partially overlap when actually creating 3D
shapes using AM. The right image shows the circular part
where the overlapping parts of the circle and diamond were

removed using Boolean operations.
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Fig.2 FAV concept drawing: It is like stacking multiple materials

like building blocks.
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Fig.4 #Displays the voxel distribution of one layer. The top
image shows an empty voxel, the middle left image shows a
case where a circle has been added, and the right image shows
a case where a diamond has also been added. The bottom left
image shows a diamond, and the right image shows the voxel

distribution when expanded horizontally.
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Fig.5 Structures or physical quantitiesg)’“)’u) vs PNG files.
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A design method for elastlc structures with catenary structures in material extrusion.
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[Abstract]

This research introduces a novel 3D printing method for architecture and furniture to achieve both rigidity and
elasticity with minimal material. We propose layering grids of catenaries formed from molten resin. Inspired by auxetic
structures, this technique uses only horizontal layers to control elasticity, bypassing common fabrication constraints. We
hypothesize that stable formation, interlocking joints, and tunable elasticity are achievable by controlling parameters like
extrusion settings and density. This paper presents these hypotheses, supported by 3D model analysis, in advance of
physical testing for full-scale applications like chairs.

Keywords: 3D printing, toolpath, catenary, elastic structure, parametric design
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Fig. 6. An lllustrative Example of Model Deformation(3
units, 2 layers, and 8mm nozzle diameter.)

Table 1. Comparison of Deformation Magnitudes for

Various Parameters

VR (LAY —5 | /A (mm) [H'/H
11 9 8 0.8733
9%2 9 8 0.9938
33 9 8 0.9995
44 8 0.9998
2%2 1 8 0.9976
92%9 3 8 0.9945
92%9 4 8 0.9747
9%2 9 4 0.9621
2%2 2 12 0.9956
2%2 2 16 0.9989
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3D-Printed Adjustable Thoracolumbar Brace Based on Customized
Body Measurements, Featuring Front-to-Back Donning, Using a

Parametric and Web-Based Design Approach
518 % (Kai Ting Chien) , ZE{f(Jian-You Li)

Institute of Applied Arts: National Yang Ming Chiao Tung University, Taiwan

[Abstract]

We introduced a measurement-driven, parametric workflow for a 3D-printed lumbar brace aimed at faster customization
and easier use in routine practice. Instead of full-body 3D scanning, the brace is generated from standardized
measurements obtained from routine lumbar radiographs (anteroposterior and lateral) and a single waist circumference
used to correct radiographic magnification. Three elliptical cross-sections—near the subxiphoid/lower rib margin (=T 12—
L1), the waist (=L4-L5), and a supra-trochanteric line—are reconstructed and lofted in Grasshopper® to create a patient-
adapted torso surface. This brace features a posterior opening that enables front-to-back wrapping and facilitates donning
in bed; elastic cut-outs provide mobility within the 3D-printed structure, while a forward-pull Velcro strap enhances
lumbar lordosis and permits fine sagittal alignment adjustment within a three-point support scheme. We implemented the
workflow on ShapeDiver® to enable web-based model generation without launching Grasshopper®. For prototyping,
we selected PET-G using fused deposition modeling (FDM) for its strength, toughness, and elongation at break. This
radiograph-informed parametric approach may streamline patient-adapted brace production and facilitate wider clinical
adoption.

Keywords: Lumbar brace, Parametric design, Radiograph-based measurement, Sagittal alignment adjustment

1. Introduction Based on the limitations of conventional lumbar
Low back pain is highly prevalent; up to 84% of braces, our design sought to translate parametric modeling
individuals experience at least one episode during their into a practical 3D-printed orthosis workflow. The goals
lifetime. Across the continuum from conservative care to were to simplify measurement input by relying on readily
invasive procedures, lumbar orthoses are frequently available clinical imaging, to improve donning by
prescribed. In acute and subacute low back pain, short- introducing a front-to-back wrapping method, and to
term brace use can improve functional disability scores, incorporate elastic 3D printing structures that provide
reduce pain intensity, and decrease the need for analgesics limited mobility without reducing spinal support. The
[1,2]. Among patients with osteoporosis or vertebral brace was designed to reduce bulk while reinforcing key
compression fractures, several studies suggest short-term regions to enhance resistance against lumbar flexion. In
improvements in segmental stability and a lower risk of addition, a novel adjustment mechanism was integrated to
incident fractures with bracing [3]. Although evidence allow patients to fine-tune their lumbar lordosis, thereby
supporting routine postoperative bracing is limited, it improving posture control. Finally, the workflow aimed to
remains common practice, reportedly used after more than be user-friendly, enabling clinicians to rapidly generate
one-third of lumbar procedures worldwide [4]. Despite customized braces online without advanced CAD
their clinical utility, high-support braces are often bulky, operation.
“one-size-fits-most,” and difficult to don—particularly in
bed—while offering suboptimal control of lumbar flexion. 3. Results
Patient-specific 3D-printed braces based on full-body We developed a parametric modeling workflow that
scanning have been explored, but routine clinical use is replaces full-body 3D scanning with a small set of
hindered by scanning time, risk of incomplete capture, the standardized measurements. Using routine lumbar
need for tight garments or disrobing, and limited radiographs, transverse widths were obtained from the
availability of dedicated scanning services [6,7]. We anteroposterior (AP) view—commonly a KUB-style AP
therefore asked whether a measurement-driven, film—at three levels: (i) near the subxiphoid/lower rib
parametric workflow—Ieveraging readily available margin (RT12-L1), (ii) the waist (<L4-L5), and (iii) the
radiographs—could produce patient-adapted braces more supra-acetabular line at the dome of the acetabulum
quickly while addressing these usability limitations [2]. (Figure 1). Corresponding depths were measured on the

lateral view at the same three levels (Figure 2). These
2. Concept widths and depths, together with inter-section distances,
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were reconstructed as three elliptical cross-sections and
lofted in Grasshopper® to generate the torso surface,
corrected by isotropic scaling to the patient’s actual waist
circumference. Biomechanical studies confirm that the
lumbar spine has the greatest range of motion in
flexion/extension when unsupported [S]. Therefore, we
applied a three-point fixation concept to maximize motion
restriction with minimal bulk. The brace adopts a
monocoque shell with a posterior opening for front-to-
back wrapping, making it possible for patients—
especially elderly individuals—to don the brace while
lying in bed. Elastic cut-outs were integrated bilaterally to
preserve limited mobility, and paired buckle systems were
combined with forward-pull Velcro straps to enable
patients to actively adjust their lumbar lordosis (Figure 3).
For prototyping, we selected PET-G via FDM printing,
owing to its combination of strength, toughness, and
elongation at break, which allowed repeated opening and
tightening without brittle failure [8]. Compared with PLA,
ABS, and PE/PP, PET-G demonstrated more favorable
properties for this application. The PET-G prototype
maintained integrity under forceful tightening while
enabling user-controlled increases in lordosis. Finally,
because the modeling workflow is entirely parametric, it
was deployed on ShapeDiver®), allowing clinicians to
rapidly input patient data and generate printable models
without launching Grasshopper® (Figure 4).

4. Conclusion

This measurement-based, parametric 3D-printing
workflow delivers a lighter, more breathable, and easier-
to-don lumbar brace while preserving—and potentially
enhancing—functional support through three-point
mechanics and adjustable lordosis control. Web-based
customization lowers barriers to adoption in routine
clinics. Our current efforts focus on integrating clinical
use and evaluation, particularly assessing fit, ease and
speed of donning, model generation time compared with
3D scanning, and the durability of elastic 3D-printed cut-

out joints [9].
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Flg 1. AP lumbar radiograph (KUB film) showmg
transverse width measurements at (i) T12-L1, (ii) L4-L5,
and (iii) the supra-acetabular line.

Fig. 2. Lateral lumbar radiograph showing measurement
of the corresponding anteroposterior depths for the same

three cross-sections.
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Fig. 3. Grasshopper® parametric workflow for brace
generation: input of clinical measurements, reconstruction
of three elliptical cross-sections, lofting of the torso
surface, magnification correction via waist-based scaling,
and construction of a three-point support structure on this
surface

Fig. 4. ShapeDiver® interface demonstrating real-time
generation of the patient-adapted parametric model from
clinical inputs, enabling web-based customization without

launching Grasshopper®.
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Scan to Renew: A Mobile LIDAR and Generative Al Workflow
for Simulating Urban Heritage Alternatives

Meng SUN, Masahiro KINOSHITA

Kyoto Institute of Technology, Design and Architecture Department

[Abstract]

Scan to Renew presents a lightweight workflow integrating mobile LiDAR and generative Al to simulate architectural

renewal in urban heritage contexts. Using a smartphone’s LiDAR sensor, site specific point clouds are captured and

converted into images for Al generation of design alternatives. These are then reconstructed into point clouds and

reinserted into the original environment for comparative simulation. Tested in Kyoto’s Gion district, the method shifts

heritage practice from static preservation toward participatory design exploration. Combining accessibility with visual

diversity, the workflow empowers not only architects and historical professionals but also local residents to

collaboratively envision and evaluate future interventions. (Fig.1)

Keywords: Mobile LiDAR; Generative Al; Urban Heritage; Point Cloud; Participatory Design

Fig.1. Gion district simulation: original (left) and Al-generated renewal (right)

1. Introduction

In recent years, the rapid advancement of mobile LiDAR

technology has opened new opportunities for
architectural applications. Equipped on smartphones,
LiDAR sensors have transformed the way spatial data
can be captured, offering low cost and site specific 3D
modeling capabilities. This democratization of scanning
makes it possible for architects, researchers, and even
non-experts to produce detailed spatial archives without
relying on expensive equipment such as high precision
3D laser scanners or drones with high end sensors.
Despite these advantages, the use of mobile LiDAR in
the domain of architectural design and urban heritage
renewal remains underexplored. Current applications
tend to emphasize documentation and preservation, while
its potential for simulation or participatory design has not

been fully realized.

Urban heritage districts present unique challenges for
architectural practice. Due to strict regulations and
the of

interventions often requires careful negotiation among

cultural  sensitivities, introduction new
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architects, historical professionals, policymakers, and
local residents. Traditionally, design alternatives in such
contexts are communicated through conventional 2D
drawings, scale models, or digital rendering models that
demand specialized equipment and expertise. These
methods are accurate, however pose significant barriers
to participatory engagement. For residents without
professional training, it is often difficult to grasp the
spatial implications of design proposals, limiting
opportunities for participation in decision making

process.

With recent advancement of mobile LiDAR scanning
technology, its integration into heritage documentation
and preservation has progressed steadily, enabling low
cost, light weight, site specific 3D modeling [1, 2].
However, these works tend to prioritize fidelity and
precision, leaving less attention to workflows that
support rapid simulation, generative exploration, or
participatory design. Some recent research has begun to
experiment with Al based reconstruction, demonstrating
the ability of generative systems to predict or restore
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missing geometries [3, 4]. However, these approaches
remain primarily within the realm of object level
restoration, and have not been extended to the scale of
architectural renewal in urban scale. Particularly in urban
heritage districts where renewal designs are strictly
regulated, current approach for visualizing architectural
proposals typically relies on conventional tools such as
drawings, models, or expensive high precision 3D laser
scanners, that are either costly or inaccessible to
non-experts.  Consequently, architects, historical
professionals and local residents often lack the means to
efficiently simulate or evaluate renewal alternatives in a

spatial context.

This research addresses that gap by introducing a
lightweight workflow that combines mobile LiDAR
scanning with generative Al to simulate architectural
renewal alternatives in urban heritage districts. The
proposed process begins with capturing point cloud
LiDAR
followed by generative Al models that produce multiple

streetscapes using a smartphone's sensor,
design alternatives for specific buildings. These results
are embedded back into the original point cloud
environment, allowing rapid, spatially consistent
simulations of future streetscapes. Unlike traditional
approaches that prioritize static recording, this workflow
emphasizes dynamic exploration, enabling residents to
interact with potential renewal streetscapes in a way

more accessible.

The contribution of this research lies in reframing digital
heritage practice from an expert driven, preservation
focused standard toward a participatory design workflow.
By lowering technical barriers and providing a toolset
that is both scalable and beginner friendly, this study
highlights how emerging technologies can facilitate
dialogue among architects, historical professionals, and
local residents in culturally sensitive urban heritage
contexts. The case study in Kyoto's Gion district
demonstrates the feasibility of this approach, offering
insights into how generative simulation can enhance
community engagement while respecting the historical
identity of urban heritage districts.

2. Workflow

The proposed workflow consists of five steps, each
integrating existing digital tools into a coherent process
for simulating architectural renewal in urban heritage
contexts. The workflow is designed to be lightweight,
reproducible and accessible for users with limited
technical expertise. (Fig.2)

Al Generated
Facades Image

T

Original
Facades Image

Al Generated
Facades Video

Reconstructed
Point Cloud

Original
—» Surroundings
Point Cloud

<

!

Original
Streetscape
Walkthrough
Video

Generated
Streetscape
Simulation
Video

Fig.2. Flow Chart of Scan to Renew

2.1. Mobile LiDAR Scanning
captured using an iPhone Pro equipped with a LiDAR

Streetscapes were

sensor, operated via Scaniverse, an application for real
time 3D capture. The scans were exported as point cloud
data (.ply format), providing a metrically consistent 3D
representation of the urban environment. Compared with
high precision 3D laser scanners, the mobile approach
offers reduced accuracy but significantly greater
accessibility and speed, enabling rapid deployment in

complex heritage districts.

The
original point cloud data captured via mobile LiDAR

2.2. Deriving Streetscape Images and Videos

was imported into CloudCompare, an open-source 3D
point cloud processing software, to generate orthographic
views and perspective frames for Al generation. In
addition, walkthrough videos were exported to capture
the spatial continuity of the streetscape. This step
intentionally reduces the data from 3D to 2D media,
sacrificing geometric fidelity but allowing flexible
integration with image and video based generative Al
tools.
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Fig.3. renewal facade generated by Think Diffusion

2.3. Generating Architectural Alternatives Design
alternatives for targeted buildings were produced using
Think Diffusion, an online platform based on Stable

Diffusion. (Fig.3) By applying mask layers to isolate
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facades, multiple renewal options were generated while
maintaining stylistic coherence with the surrounding
heritage context. This step leverages the strengths of Al
in rapidly exploring design diversity, producing visual
proposals that can be easily understood by both experts
and non-experts.

2.4.Video Synthesis & Point Cloud Reconstruction
Selected Al generated images were converted into
dynamic facades video using Runway, an online video
generation tool, simulating a dynamic experience of the
renewed streetscape. These videos were then segmented
into frames and imported into Autodesk ReCap Photo, a
cloud based platform for photogrammetric processing.
(Fig.4) ReCap Photo then reconstructed new point clouds
of the altered environment from these frames. Although
geometric precision cannot be guaranteed due to the
image based origin of the data, the reconstructed
models preserve overall spatial consistency, supporting
immersive visualization and comparative analysis.

Fig.4. scenes from the Al generated facades video

2.5. Integration of Renewed Streetscapes The newly
reconstructed point clouds were inserted back into the
original LiDAR scan environment using CloudCompare,
resulting in hybrid models that combine real and

generative data. (Fig.5) Simulation videos were produced

to compare before and after renewal streetscapes,
enabling intuitive evaluation of the design impact. This
integrated environment provides a platform for
participatory discussions, where architects, heritage

professionals, and local residents can collaboratively

assess potential interventions.
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Fig.5. original (upper) and hybrid integration point cloud
combining real and generative data (lower)

These five steps together form a workflow that begins
with site specific scanning, generates multiple renewal
alternatives, and reinserts them into the original
environment for simulation and evaluation. While the
workflow relies entirely on existing tools, its novelty lies
in orchestrating them into a coherent sequence for the

challenges of urban heritage renewal.

3. Results and Discussion

The workflow was tested in Kyoto's Gion district, a
heritage district renowned for its traditional town houses
(Kyo-machiya). One specific building was selected as
the subject of renewal, with its existing facade scanned
via mobile LiDAR and processed into a point cloud data.
This environment was then used as the baseline for
generating and simulating alternative designs.

The AI generated multiple facade proposals, ranging
from conservative restorations closely aligned with

existing urban fabric to more experimental

reinterpretations that pushed the boundaries of stylistic
coherence. Embedding these designs into the original

point cloud environment allowed for immediate
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comparison  with the surrounding streetscape,
highlighting how subtle changes in materiality, scale, or
ornamentation could influence the perception of the

streetscape.

One key outcome of the workflow is its accessibility.
Unlike traditional laser scanning, this process requires
only a smartphone, freely available or low cost platforms,
ensuring that the process remains highly accessible for
either architects or users without specialized technical
backgrounds. This lowers the barrier for participatory
engagement, making it feasible for residents to visualize
and assess proposals more intuitively.

However, limitation remains. The conversion of point
cloud data into images and videos introduces a loss of
geometric fidelity. When these media are used as the
basis for generating new point clouds, discrepancies in
scale and proportion can arise. While the overall spatial
consistency of the environment is preserved, precise
measurements cannot be guaranteed. For design
evaluation that requires high levels of geometric
accuracy, professional grade scanning and modeling
would still be necessary. Nevertheless, the trade off
between precision and accessibility is acceptable in early
stage design discussions, where the goal is to stimulate
rather construction

dialogue than produce final

documents.

Despite the limitation, the prototype demonstrates a
novel way of engaging with urban heritage renewal. By
reframing digital heritage from a static archival practice
to a dynamic and participatory process, the workflow
opens new avenues for collaboration. It aligns with
broader efforts to democratize design, allowing multiple
voices including architects, historical professionals,
policymakers and local residents to contribute to shaping
the future of urban heritage districts.

4. Conclusion

By bridging mobile LiDAR, point cloud simulation and
generative Al, this research offers a replicable, low
barrier workflow for re-imagining heritage futures,
contextually, collaboratively and creatively.

The workflow was tested in Kyoto's Gion district,
demonstrating how rapid and accessible tools can
generate multiple design alternatives while respecting the
identity of heritage contexts. By emphasizing
participatory engagement, the approach enhances the

democratic dimension of design practice, offering a
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platform where diverse communities or individuals can
contribute to decision making.

Future research will focus on expanding this workflow
through integration with XR technologies, enabling
immersive on site evaluation of design proposals. This
further
participation, strengthening the role of digital tools in

direction  will enhance accessibility and

protection and revitalization of urban heritage districts.
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TR DT AL AT STFME, reprap ZRIAMID 3D TV AITHEW, ZOHEWEEZERTHOHI12, Zh
WETHLW T ZE | THHEVIME ZFFOICEVEL. ORI T AT — | L RDHZLERD, HHOEEIZIH T
EILVIOLELZ, FILEELLTOFESZEDET. KBAEEARBTIHIELVOFM N, IH LEMRE
ENEELL 20D E, BEICIESI OB EHI [T Y AT — | EVIOBRREDOHV 5 & W E T L BN H 5 KT T
WET. UL, PHALBEO HARO TEOEEL, % T VAL OHEZIRVIRVeND, [HD%E 25 ETEIN
IEMEARARNS RODEL, FEETIE A THLHVET. DELVAT MUIZEY Kbz, RO
PE, BIELF O O >x. ZNHEH) -, BOFLEERZ MU CHAN. TEZIETHRALOTT.

[Summary]

As he was a very ordinary design student, he encountered 3D printers in the early days of reprap, and as he explored
their uses, he became convinced that this was a "new craft. Eventually, he stopped calling himself a 'designer' and gave
his own practice the name 'SHINKOGEI' and began operating as 'SHINKOGEISYA'.

At a time when resin, a material that symbolizes mass production, is finally transforming into a craft-like existence,
we feel it is necessary to reexamine the role of the 'designer' profession, which is responsible for planning prior to mass
production. This is also an activity to fundamentally reconsider and reconstruct what it means to 'making things' by
looking back at the transition of Japanese crafts since the Meiji era and the origins of postwar design. The relationship
between the body and technology, the connection between creation and labor, which has been lost due to the division of
labor and systemization. This is an attempt to reconstruct them once again through the use of one's own hands and
practices.
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Considerations for 3D printing of hollow foods using edible support materials
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[Abstract]

3D food printing using food materials is attracting attention for its ability to produce complex shapes and customized
foods. Screw-type food printers are suitable for high-viscosity materials, but it is difficult to create hollow structures and
overhang shapes due to their own weight and fluidity. In this study, we aim to develop edible support materials using
methylcellulose, which gels when heated and solutes when cooled. The shape retention, viscosity, and load capacity of
the support material, as well as the dimensional accuracy of the hollow structure, were evaluated. In the future, we aim to
realize “edible materials that design the time axis” that go beyond mere support materials, with applications such as edible
containers and edible actuators utilizing the characteristic of temperature responsiveness.

Keywords: 3D food printing, support material, methylcellulose, hollow structure,

1. #8 L, BaiZBW IR Cr ko ois
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Soft Block Molding with Adjustable Porous Flexibility

AN  TKkEH  BEEE
Mitsuhito ANDO ,Tomoya YOSHINAGA , Haruo NOMA

I AEEREF
Ritsumeikan University

[249]
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[ Abstract]

We aimed to establish a molding method that combines flexibility and rigidity. We can use a variety of materials with
3D printers to create objects with variable properties. However, soft objects are generally molded using a single material,
and it is difficult to mold them using multiple materials. In soft robotics, a hybrid system that combines flexibility and
rigidity is required, rather than a simple soft system. The molding method that combines flexibility and rigidity is required
for realizing the hybrid system. In this study, we proposed a method for molding porous soft blocks with adjustable
flexibility. We used sugar as a sacrificial material for the molding, and indicated that flexibility can be adjusted by
changing the size of the sugar crystals used.

Keywords: Soft robotics, Soft fabrication, 3D molding
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(a) PDMS block (b) Porous block
Fig. 1 Soft block
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(b) Coarse sugar
Fig. 3 Sugar crystals
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High-resolution 2D Printing of Complex Fiber-based Patterns
Using Melt Electrowriting

Huali LU, Huaizhong XU

Kyoto Institute of Technology

[Abstract]

Additive manufacturing (AM) enables fabrication of micro- and nanoscale structures, with fiber-based AM

well-suited for hierarchical architectures and programmable functions. Translating visual information into precise fiber

constructs remains challenging. This study introduces a high-resolution, image-based strategy for fabricating

two-dimensional fiber patterns via melt electrowriting (MEW). A custom MATLAB tool automates image-to-G-code

conversion. Experiments reveal that increasing node and fiber numbers enhances pattern fidelity, while finer fibers

slightly improve delicacy. Moderate image contrast optimizes structural similarity, whereas excessive contrast slightly

reduces fidelity. This approach enables programmable translation of visual data into high-fidelity fibrous constructs for

advanced functional applications.

Keywords: high-resolution, fiber, melt electrowriting, fidelity

1. Introduction

Additive manufacturing (AM) enables the fabrication
of complex micro- and nanoscale structures, with
fiber-based AM particularly suited for hierarchical
functions  [1].
Translating visual information, such as photographic data,

architectures and programmable
into precise fiber constructs remains challenging due to
material, resolution, and geometric limitations. Melt
electrowriting (MEW) overcomes these challenges via
deterministic deposition of micron-scale fibers [2]. In
this study, we present a high-resolution, image-based
strategy for fabricating two-dimensional fiber patterns
via MEW. Fig. 1 illustrates the workflow for converting
an input image into G-code for MEW printing. The
effects of node number, fiber diameter, image contrast,
and line density on pattern fidelity were evaluated,
enabling programmable translation of visual information
into high-fidelity fibrous constructs for applications in
smart textiles, wearable sensors, information encryption,
and stimuli-responsive materials.

>

Strings linking

Image Divide the edges with Nodes Linking result

Linking sequence
(0,65,35,28, ...)

G-code 4

G1X0 YO F8
G1X22.5 Y95 F8
G1X14 Y28 F8
G1X21 Y62 F8

G-code generation

MEW printing Printing result

Fig. 1.
MEW printing based on image.

Schematic workflow illustrating high-resolution
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2. Materials and Methods
2.1 Materials

Medical grade polycaprolactone (PCL) (Purasorb PC
12) was purchased from Corbion Chemicals Co.,
Netherlands.

2.2 MEW printing process

Before MEW printing, PCL pellets were placed in a
plastic syringe and heated at 85 °C until they reached a
molten state. The distance between the nozzle and the
collector was 2.5 mm, the nitrogen gas pressure was 0.1
MPa, the applied voltage ranged from 5.0 to 5.6 kV, and
the printing speed was maintained at 6 - 8 mm/s. All
printing was conducted at a room temperature of 23 +
1 °C and relative humidity of 32 £ 2%.

3. Conclusion
3.1 Effect of nodes number on print fidelity
100 Pins

200 Pins 300 Pins

Fig.2. Printed results using different numbers of nodes. All
patterns were composed of 4000 fibers.

As shown in Fig. 2, increasing the number of nodes
improved pattern fidelity. At 100 nodes, fibers were
sparse and details poorly reproduced. At 200 nodes,
contours became clearer with more uniform fiber
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arrangement. At 300 nodes, fibers were densely packed
the
representation of fine features. These results indicate that

and well-aligned, enabling most  accurate
higher node numbers enhance print quality and detail

reproduction.

3.3 Effect of lines number on print fidelity

As shown in Fig. 3, the number of fibers strongly
influenced print quality. At 1000-2000 lines, patterns
were sparse with incomplete contours; 3000 - 4000 lines
improved clarity and continuity; and 5000 - 6000 lines
produced highly distinguishable features and optimal
fidelity. These results indicate that sufficient fiber

numbers are essential for high-resolution, visually

accurate prints under a fixed pin configuration.
3000 Lines

1000 Lines 2000 Lines

4000 Lines

Fig.3. Printed results using different numbers of fibers. All

patterns were generated with 300 nodes.

3.4 Effect of fiber diameter on print fidelity

As shown in Fig. 4, fiber diameter had a minor effect
on print quality. Slight improvements in image clarity
and texture were observed as fibers became finer, with
the smallest diameter producing the most delicate
features under constant node and fiber numbers. This is
likely because finer fibers provide more uniform
coverage of the pattern area, reducing gaps and better

reproducing image details.

18 um 10 ym 6 um

Tmm

Fig.4. Printed results using different fiber diameters. All

patterns were generated with 300 nodes and 4000 fibers.
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3.5 Effect of original image contrast on print fidelity

As shown in Fig. 5, under a fixed nodes count and
fiber number, the contrast of the original image
influenced print quality. MS-SSIM analysis indicated
that increasing contrast from 0.5 to 2 raised the
MS-SSIM  value from 0.4332 to 0.5329, reflecting
enhanced structural similarity and improved pattern
clarity. Further increasing the contrast to 3 slightly
decreased the MS-SSIM to 0.5248, though still higher
than at 0.5 and 1. This may be attributed to excessively
high contrast producing overly sharp or strong edges,

which slightly reduces the accuracy of fiber deposition.
Contrast :0.5

Contrast : 1 Contrast: 3

Contrast: 2

Contrast
adjustment

v

Grayscale
inversion

v

Printing
result

MS-SSIM

0.4332

0.4679 0.5329 0.5248

Fig.5. Printed results with different contrast of the original
image. All patterns were generated with 300 nodes and
4000 fibers

4. Conclusion
Increasing node and fiber

enhanced pattern fidelity and fine feature reproduction,

numbers markedly

while fiber diameter had only minor effects, with finer
fibers
Moderate increases in image contrast improved structural

producing slightly more delicate patterns.
similarity and clarity, whereas excessively high contrast
slightly reduced fidelity. These results provide guidance
for optimizing MEW printing parameters to achieve
high-resolution, visually accurate fibrous constructs from
visual information, supporting applications in smart
textiles, wearable sensors, information encryption, and

stimuli-responsive materials.

Reference
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manufacturing of continuous fiber-reinforced
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Large-scale robotic clay 3D printing of porous structures for creating

macrobiotic living environments
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[Abstract]

This research investigates the application of clay-based 3D printing for creating porous structures that can host cyanobac-
teria (Nostoc), facilitating oxygen production and biomineralization. Initiated during the Larbitssisters’ 2023 residency at
Tokyo Arts and Space Hongo (Photosynthesising Flower Pots), the project developed a custom Grasshopper algorithm
for randomized toolpaths, a specialized clay mixture to resist shrinkage, and a diatomaceous earth-supported printing for
fragile geometries. These innovations allowed the fabrication of structures sustaining living organisms, which strengthen
over time through biological processes. Future work will integrate inoculation during fabrication, advancing bio-inte-
grated design strategies for sustainable architecture and expanding the role of digital manufacturing in ecological systems.
Keywords: clay printing, multispecies coexistence, organized chaos, Nostoc

1. Introduction 2. Objectives and methods

Digital manufacturing is often associated with produc- Nostoc is a genus of cyanobacteria (blue-green algae)
tivity and precision. In this research, however, we focused that forms colonies composed of filaments of cells within
on creating new qualities that emerge from the unpredict- a gelatinous sheath (Walter et al., 1995). These microor-
ability of the base material itself and developed a clay 3D ganisms are photosynthetic and can fix atmospheric nitro-
printing method for producing porous structures that, gen, making them ecologically important in the cycling of
through their imperfections, can serve as habitats for mi- nutrients. Nostoc is commonly found in moist soils, fresh-
croorganisms. water, and even symbiotically in plant tissues such as li-

The project was initiated during the Larbitssisters’ res- chens and some ferns. It can survive in extreme environ-
idency at Tokyo Arts and Space Hongo in 2023, titled ments due to its ability to produce protective compounds
“Photosynthesizing Flowerpots”, an experimental project and enter dormant states.
aimed at repurposing the traditional flowerpot as a living Cyanobacteria require air and moisture; when these
artifact capable of photosynthesis. Emerging from the conditions are met, they not only emit oxygen through
symbiosis between a computer-controlled, 3D-printed metabolic processes but also perform biomineralization
bio-structure and photosynthetic microorganisms, the (Rodina et al. 2021), strengthening their environment over

work explores the potential of supporting living materials
through sustainable design to achieve multi-species coex-
istence within our civilization.
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time, a focus of recent research on 3D printing and geo-
metric optimization of toolpath generation, resulting in
distinct formal constellations (Armaly et al., 2023).

In our project, however, we aimed to populate specific
existing signature geometries with Nostoc cultures, such
as the common flowerpot number 8 (fEAEE 8 5). To
achieve this, we needed to develop a loose structure for
the existing volumetric design through continuous clay
extrusion, considering the clay’s viscosity, a specific mix-
ture, and a support method to enable fabrication of the
fragile clay system, along with an optimal toolpath gener-
ation tailored to the clay and local earth mixture.

Project objectives:

1. Develop a toolpath generation method to create
a porous structure.

2. Formulate a clay mixture that can support micro-
bial life forms.

3. Build a 3D printing setup and pipeline for fabri-

cating large structures.
All these had to be developed in a short timeframe
through rapid prototyping cycles.

3. Methods
3.1 Toolpath generation

For preliminary rapid testing, we explored the possi-
bilities of 3D manufacturing using the Fuzzy Skin func-
tion in the slicer software, Cura version 5.3. This function
adds a random offset at predefined intervals to create a
homogeneously rough surface. By setting extremely large
offset values up to 12 mm, we achieved a furry-like effect,
which we tested by printing PLA prototypes.

However, this method lacked sufficient control and
was unsuitable for generating volumetric structures. To
achieve the desired effect, a spaghetti-like infill that
we developed a
parametric algorithm within the Grasshopper interface of

produced an “organized chaos”,
Rhinoceros to generate a custom parametric toolpath. The
algorithm populated the target volume with overlapping
circles arranged at a defined central distance, creating a
dense network of potential paths. Key points were

extracted along the perimeter of these circles, and from

Fig. 1. The fuzzy skin effect of Cura

this set, a random subset was selected to introduce
controlled irregularity. The selected points were then
interpolated into a continuous spline, forming the basis of
the extrusion path.

To evaluate the spatial configuration, the spline was
visualized as a pipe geometry, enabling simulation of the
extrusion process and determination of appropriate layer
heights relative to a specified extrusion width. This
approach provided a balance between structural integrity
and porosity, ensuring that the printed form could support
subsequent biological colonization while maintaining the
intended aesthetic complexity.

3.2 Clay mixture

To achieve porosity through a randomized extrusion
toolpath, the unsupported geometries required a special-
ized clay mixture capable of resisting shrinkage during
drying. A series of material tests was conducted to deter-
mine the optimal proportions of the base clay and addi-
tives, including bentonite and locally sourced earth with
high sand content.

The design objective was to computationally generate
a flowerpot geometry using a clay mixture with sufficient
structural integrity to prevent collapse during extrusion,
while ensuring material properties conducive to hosting
photosynthetic cyanobacteria. The initial formulation em-
ployed standard grey ceramic clay, with subsequent itera-
tions aimed at enhancing porosity and meeting additional
requirements for cyanobacterial viability. The extrusion

Fig. 2. Process of toolpath generation: 1. placement of circles in the volumetric section; 2. definition of random points;

3. interpolation; 4. simulation
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Fig. 3. Printing workflow utilizing powder—based molds

process utilized a nozzle with a diameter of 3 mm. The
actual mixing ratios were determined based on the notes
recorded on the whiteboard, and prototypes were subse-
quently produced according to these ratios.

3.3 3D printing setup

Although testing with PLA was stable due to the ma-
terial’s inherent properties, clay remains in a plastic state
until sufficiently dried. Since it cannot support its own
weight during fabrication, a support method was required.

Initial experiments with rigid molds proved unsuitable,
as they were ecologically unsustainable to produce, lim-
ited to matching geometries, and unable to shrink along-
side the clay, resulting in extensive cracking.

To address these limitations, we explored powder-
based molds that could freely conform to any printed form,
be recycled for iterative processes, and shrink concur-
rently with the drying clay. This was achieved using light,
soft, yet formable diatomaceous earth, which was applied
in parallel with the 3D printing process.

For the 3D printing setup, we employed robotic fabri-
cation using a KUKA KR10 robot, simulated with
KUKA|prc in Grasshopper, enabling rapid adjustments to
the setup and scalability for large-format production.

4. Results

The application of the afore-mentioned methods ena-
bled the fabrication of the intended geometries, which
were subsequently inoculated with Nosfoc colonies. These
colonies, collected daily from the university sports field,
were examined microscopically, and observations were
systematically documented. Through biomineralization
processes, the colonies are expected to contribute to the
structural reinforcement of the printed geometries, alt-
hough this process requires long-term monitoring to prove

-03-

Fig. 4. The 'organized chaos’ structure of the 3D printed clay

statically effective.

The developed workflow was only partially auto-
mated; the layering of diatomaceous earth was performed
manually, allowing controlled adjustment of structural de-
velopment by applying pressure or leaving the support
loose. Despite its soft qualities, the support material re-
quired removal to prevent cracking once the clay had
hardened sufficiently to bear its own weight, which typi-
cally occurred within 3 to 4 hours after manufacturing dur-
ing summer conditions.

Regarding material formulation, local earth from Fu-
kakusana, Kyoto, was incorporated to optimize the base
grey clay mixture, which had previously demonstrated re-
liable performance. Bentonite was added to maintain
smoothness and prevent clogging during extrusion.
Through these additives and careful adjustment of water
content, the mixture was successfully scaled for printing a
full flowerpot with a diameter of 250 mm and a height of
205 mm. However, due to the non-homogeneous nature of
the mixture, active regulation of the air pressure supplied
to the clay-containing cylinder was required throughout
the extrusion process.

5. Conclusion

This research successfully developed a robotic clay 3D
extrusion methodology that creates porous structures ca-
pable of hosting cyanobacteria (Nostoc) colonies. We
demonstrated that randomized toolpaths and shrinkage-re-
sistant clay mixtures can be the foundation for living ma-
terials that self-strengthen through biomineralization. The
key innovation lies in inverting traditional digital manu-
facturing precision to produce "organized chaos," creating
microhabitats that mimic natural volumes through con-
trolled unpredictability rather than geometric accuracy.
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Unlike existing literature that emphasizes direct bi-
oprinting of cyanobacteria for carbon sequestration appli-
cations (Dranseike et al., 2025), the approach presented
here enables post-fabrication inoculation of porous clay
substrates. This strategy aligns with recent advances in bi-
oreceptive clay printing for facade applications (Cruz &
Beckett, 2016). Furthermore, the methodology offers po-
tential for developing hybrid materials, wherein non-
structural substrates, such as sawdust for mycelium colo-
nization, can be introduced into the porous structure post-
extrusion, thereby mitigating challenges associated with
printing these substrates directly (Elsacker et al., 2022).
include the rapid prototyping
timeframe that may not have optimized material formula-

Key limitations

tions, reliance on diatomaceous earth support that could
complicate scalability, and a post-inoculation approach
that limits microbial distribution and contamination con-
trol. The transition from laboratories to real-world or in-
situ environments also remains challenging.

Future work should integrate inoculation during fabri-
cation through multi-material extrusion systems and in-
vestigate environmental parameter control (humidity,
temperature, atmosphere) to optimize immediate micro-
bial viability. For architectural applications, systematic
studies of contamination resistance and long-term struc-
tural performance will also be essential.

This research establishes robotic fabrication as a via-
ble tool for creating living architectural systems, contrib-
uting to paradigms where buildings and objects function
as active ecological participants, fundamentally reimagin-
ing the relationship between synthetic and natural systems
in sustainable design.
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Form-Making and Creative Support with Spatial Puzzles Composed of Plank Materials
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[Abstract]

This study proposes a novel method for three-dimensional form-making that treats laser- or CNC-processed planar
panels as spatial puzzles. Each part is pre-designed with distinct shapes and sizes, and when assembled at designated
positions in space, they generate sculptural as well as structural expressions. During the assembly process, users engage
in exploratory manipulation while envisioning the final form, thereby stimulating creative reasoning and spatial
cognition. The approach not only emphasizes the resulting artifact but also enables users to experience the creative
process itself, offering both educational and creative value. Furthermore, we developed a tool that automatically
generates the required parts—both their shapes and quantities—based on a user-defined target form, and supports the
workflow seamlessly up to fabrication. This tool provides an accessible environment not only for experts but also for
non-experts, allowing them to materialize their ideas three-dimensionally. Overall, this research contributes to creative
practice in the era of digital fabrication, broadening the scope of making activities and opening new possibilities for
form generation.

Keywords: digital fabrication, form-making, spatial puzzles, planar materials, creative support
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Fig. 1. Three—dimensional puzzle using wooden planks

NICBITDHFEERFIEO—D>ThHD. Wk LI
7L, WHRCHIE DR B SRR S TE T

[4]. F5IZ, DTSR M B ADSFH IS T TR
R D TR, SRR ESCERRIAT B2 D A
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Phase 1: Defining the Target Shapes

Thinking of Dimensional Transition

Phase 2: Locating the Plank Pieces
Problem Solving by Using Tools

Phase 3: Observing 3D Results

Viewing angles for sculpture

4
b Ot

Fig. 2. The form—making method proposed in this study

supports users’ three—dimensional creative activities

through three phases based on the design process.

TEHENGDD. AFZEIE, 2O EHEHEMICI DR
SO FiEE, BESEOBEBIISHT528% BRY
L5,

BEAEFF2L LTI, SketchChair[5]8 2 —4 D 2D %
roF ki OEMERICERL, L—Y—HvX—T
Y1 L7 =V BN THIE TRy -2 R E AT RE IS
L7=. ¥7-, FlatFitFab[6]I3f£& D 3D EF L& A ST

-06 -

BHERZFES D Wi i 1SS AL, BTSN Lo
THRBIGIRARER TEDLLV AT LAEZIREL TV, Zh
DO FETNT IV T FE A a TSR EL A FE8
THEN T T a—FThHN, EIBEFORIRE )
RPPCHHRETHIEICE SN Y THILTWD., ZIUTH
U CAIIZEIT, SEARZER DN C o — PRI IC
=y Nl A D, 2RI R T DA ER AR 1T
EE%%< ZDXH7RERZB U T, AIVEE ISR

ZE RO RE B AR A TR D 72 3, H B DR AEZ ]
1’E HRER DAL A REE 2D,

2. REF&

AWFIECTIRET D TIE, TR EZERI AL
ELTHAN THZ LIS R EEHEE T 5D T
3@6 HIEFIRICEE SNV TR E —RZE A2 DR 0

RITREEF S, @JUK%%K SEHWZEZLADELZ
é:f AT E OALE W ZHE & SR E S D (Fig.
D RFEE, BICEERREFBE T2 TR, =
—FRMNIEFR B W TEREE BB L >R
IZHERATO ZEZ R T RIS B 5.

AFEOFEEZBREZEL T, BsRMEECHM
MR OB HEIZEB T, AMOAIENEEL =50
1ﬁlﬁ7ﬁ>% KT HIENREZLND(K 2). F—EHET

L, 22— IR FERM A2 O TODNI SRR AR Rk
?‘575 EEZDMLENDHY, IR T A7 R
ENEDND. B BT, AR DR G
V=& T, SRZEINE I EAR A A A D,
BELIREEEER T LI, IRORSE 14512
FHADIENA[REERD. ZHUCEY, SLRP 722258
MR AT TR AE R EE N bNS. B
BT, 22— imﬁkbﬁi%ﬁ/ﬁ%ﬁﬁ 7 R
ML, R DOENCLS TRARDIFRENENDZ
EERRBRT LT, MRESARICH X, TOELE
T HEENERIND.

PLF T, A& FEO BARR R FERIZ OV Tt
HT 5.

21 E—RADEE
E—2ADRLE X, RO K
AR DFEG A AT HEE
REFTHDH. AFIETIE, ©
— A% AR LT HIIRTEARIC
KL THDIRINE VI EIT Sy
MIEDHIET, JRATHI L% B
DIRVELHE, RIEELTEE
Lo B CEH&oicL
TW5. EbIT, HE—RID7%
KEHZODX R AR DM
N0, ZO T kK Fig. 3 . Piece supports
L EDOEe—ANEESNDZET, MM RIZBITL%
EVERHERIND. ZHUTEY, il x OB — AN H ALY
IR SNDTET TR, BfIELL To—EH ML
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Frahs.

22 E—ZAD IR

v — 2 DRI
AAINGYIN AN ATEY
TREtshaZ &
NEETHD. FF
o, HE—20FE
Py 2 KR TR
DA A S &
HZlT, 2kt
L C DI REI) R
% fie KIRIZ s
DT ENTED.
ZD XD ITHMEIC
EONWTE—2 %2925 2 LT, MAEEORRT
72— BMNEED, ERIEICEIT 2 XRBIROFF
PEE LD HfRICKRBITE 5.

Target Shape «

Fitting Planks X

Fig. 4 . Pieces fit to target shape

23 E—RADEA

v— AR+ o
PBAIX, I RE
oy EE LA DY
L2 ETERHIIN
%. B REDIE
EEEE, B—2R
DEH I L THEHN
DA LI AE
T 5. KFIETI,
B —RIEES
B2k EF sX/NN 5
FHE D F I
FHEIVICERET 2 0HRTH Y, KEFA TR, %
E— 2 I K Fofio v — 22 ko THZ B,
ENENORIZ—EDOAENER IS, KoY
— AT AERGA L AT O EY Y K E
OIEIF R E < EFFE 5 (Fig. 5C). £72, E—AD
JEHPHEFT LD REMWEHERESTLLERD D
(Fig. 5B). B1W RZ D& S ILE WX EBEAHOLE
PERIET A, RIKOTERENT A E BB L TxitT
HMENDD.

e

F nect
in perpendicular
angle

Changing

thickness of

planks
connection angles

Fig. 5. Slot width of connection

24 XEY—IL

AWFFETIE, 22—V DRRE LT ERBIRICE S &,
MR E—ZADTRIRRBZ AR L, MLETE—H
LCEET DY =V ERE L. AY—VTET Y
> Y7 k7 =7 Rhinoceros DE YV =7 V7 a7 5
R VU EBREE T d D Grasshopper & Fufly & L THESL S
nNTHY, TAIY AL a—HF—T L RYkA
VT 2= AEMBEDEDL LT, FILENLE
MHZ £ CHIH ATRE 72 BB 2 #2432 (Fig. 6).

KY—= VDT —7 7a—FKROLE I RIFENTH

-97 -

5. ¥, 2—WIIEEL T LEKBIRE AT L

SEREE EHRTSH. W, HE—AOIRBENE, K
T X, [AERAEEFETE, MEHIS U THRER &
DRTA—=HEEEFRETHDH. TD%, 3D /L E
2 —HEREE W TR 2 EEOAEN HERTX
L. RIS, BEERRIZHIST D B — X DR A
HEWIZAER S, HhEhd., Zo7—XiFL—
P—T1» Z° CNC I TR TRIHTE, FEEOHIE
Tuk A ZEETS.

3. A

ARFETIE, AFFECTHRETHTIE20H L CTIERK
L7z BRI 72 SEARIE T O F il 2 7R 3. FERERI R0
RIgDERR DGR T HZE T, KFIEOLER
S ATREME A REE S 5.

3.1 MARNXL

JEE 6mm O E VT, BEED /s = FED
SAR SRRV EFIELT-. SRR OSTEIRBEE—2
20cm F2JE TH 5. (Fig. 7). KIRITBIZETH/E I
FoTRRLEENEEERL, $HTHA DI
BRI EERT D, BRIKOBITIX, ©—RA2 %)% 2ELE
THZETRIREL CIBL Rl H A2 KRB CEDI L2 M
FELTZ. —5, TeAOBITIE, MBI -T2 — 2T
ROFRFC Lo TP 72 Loy MR CX, KT
EDEME R RICH I ATRE THDH LA /R LT-.

32 TEHR

B AERRELTEABIEL T, MO R
HOBRZHEL (Fig. 8). Wb, SMEICE S
B — AR FHC LV i O R A BBl CE LT LA MAEL
7. EBIT, BERICIEZETHZET, Y BIEIER
WCREL, BARLRIMEET ML ELTAIEHMLOA
VT ELTCOBEEL S AT LB IR LT,

Input Target Shape 3D View
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&
T
O
o
o
B
[ ® rowen
% 1 "
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'ir EEEEE S
Wwi WH‘
FEEEIIEEES

Pieces Setting Export Units

Fig. 6. User interface of the support tool
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33 307

JEX2mm OF =V —#Z&HNT, B EF T v e—R
ZHIVELT= (Fig. 9) . {HATERRIINIMRE B EL COTERE
ZEEE X, SUTRHZITE B0 % 18 U CAHL
L, BRI e Do — e B T D L T
ALz, ZOFEFNL, KFIEDERRBUTIN X THEE
M7 B A ., Z2ME IS TRE ChHDHIEERL
TW5.

4. §Em

ARWFZETIL, FHiFEM 2 ZEM IS A ELTHA
NECHZETNARIE B A BT AT 7 FIE AR 2L,
HENSIMTETE -BLTHETZY— 2L
7o RFEE, BICHERREFHRT L7200 TR, 3
SR D BT 7R AT R FR 238 U C AN IS 4 R <0 22
MRBRE N 2 R D 5. E7, SRSV, FE
, 7T Vol 2RISR BIL R LT ARAFFEDS,
SHOERIZENT, L0E<D A% ORIVEIEENZ X
BT 20D L WS,
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7 7V —arwiE U SR E T ORFFE S It I EL
VLR, AV F T a7 OFIE, 35 L
DILRBFZE, — K2 —F ~DRINEZEE FaEBIEL
TWD. EEPCTE ARG 2 FIEZRI L, M
RO N TH AL LRI BB L CE D REE S
AL TS,

Fig. 7. Different shapes of 3D puzzle and the planar pieces
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Fig. 8. Single Stem Vase: H260 x W120 mm

Fig. 9. Lamp: H190 x W180 mm
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MEBE R BRELFE AT T )T ILE R —& T EETHE:
MERIRBBZEADLAIZREITT
Design and Evaluation of Twin-Deformation Phase-Transforming Metamaterial Dampers:

Toward Applications for Seismic Vibration Damping

R OHE—ERT, BER B, BRI FAT M EE )Nim MR E B
R A0 &R hE ERC

Yuichiro KOIZUMI!, Sei HIROOKA'!, Masayuki OKUGAWA'!, Yuhen LIU!, Hirotoshi KAWABATA!, Lei WANG!
Hisatoshi KASHIWA', Shiori TANIGUCHI!, Takaharu NAKANO?

'KIRKRZFE KRERTFHER
!Graduate School of Engineering, The University of Osaka

PRRABFERE REHRER

Institute of Integrated Research, Institute of Science Tokyo

[Extended Abstract)
[ZE#9]

AWFFETlE, BB ZR U8 LB A = H )V A%< T VT )L (Twin-PXCM) 2% &t - &L, 207
FRREA T T AL DI, HlRY L — L COIS A FTREEE R LIz, ~ VT U A NEREE R BL T D AX~T T
JU[Kanegae et al.,(2021)]% X —AIZ, HAWETE I OIRN GBI S FREIRDICEREIL, ST, H AW
WL CHE S FRIC L CHT B AQ TR R L7 Twin-PXCM % TPU #4 8T 3D 7V hL, HAWREBRIZ I =L ¥ —
PRebE O AN F BN AT L 72, ZORER, SR ST A =X URF L CRIEGE R E A HIH CE A L2 B LTz,
5|2, Twin-PXCM Z YRR O AR 2 L 8 — (23 F U IR B B R AT o7 L2 A, BIRIEEEMERE DR BLH e
Sz, BLELXY, Twin-PXCM 1, BEUEY OHIIREIM L L CO IR TREMEZ A T 52 EDVRS .
F—J—K: HEBCILEFAIITITIL, AR TITIL, RRELER, SRS /8—

[Abstract]

In this study, we designed and fabricated a novel mechanical metamaterial, termed Twin-PXCM, which mimics
deformation twinning, and investigated both its fundamental mechanical properties and its applicability as a
vibration damper. The Twin-PXCM was modeled using Rhinoceros and Grasshopper and manufactured by
extrusion-based additive manufacturing with TPU filament. Shear tests revealed that the energy barrier and load—
displacement behavior can be tuned by controlling design parameters, leading to adjustable hysteresis characteristics.
Furthermore, by implementing the Twin-PXCM as a column-type damper in a single-degree-of-freedom building
model, shaking table tests demonstrated significant reduction in seismic response and the emergence of hysteretic
damping. These results highlight that Twin-PXCM is not only a promising mechanical metamaterial with
controllable phase-transforming behavior but also a viable candidate for practical vibration-damping applications
in building structures.

Keywords: phase-transforming cellular metamaterial, metamaterial, twin deformation, seismic damper

1. FFif

I, BARRICIIHFEL W EE R BLTHA T ZD— I EE R AUAK 4% & (K (Phase Transforming
WEEL TAX~TIUT VO EANATOIL TS, Cellular Metamaterial: PXCM) THY, —ODOZEIRAE
JRF L LD REZR R — L CJE WA & A ik i MIOFREERE I Z Lo TR F —RULCE AT Vo A% IR
HILETHEBRCIIEBR TEIRVEEEZRBISELZ 372800, MBI 78 LU THIRES LTV A[1-3].
EXTE, FrICH PR RIS D A =T N AR~ T PERD PXCM X EI M 8 N CIERFEZ LA B
U7V, 08l (Additive Manufacturing: AM) £ AR IC LB B 2 N LTz, i A 1 Ot Btk &
ORIV REERL TE. JER U TEBOG IR o A2~ T U7 V2, 3]0,
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BGHEAERIC LY, IREEE TR EIE 35015
AR=TUT VA BRFE S,

—7J7, 8k8lS° TiNi A&l Aohb~ 7oA NE
RO LA TE T, R RS LE OELIZL->TEA
Wik AT EL, TEIRFIE R RO A F 8L
TDH., INEB LA =N AF T IT )L
(Martensitic PXCM: MPXM) M HEZR SV TEY, HAMT
BIAFED TR O BRI L0 — o022 E IR 2
R LA D2 NS STV D[5].

AHFFE T, ZHETORBEEEEX, WFmow
AWTZE T2 AT REL 9% [ Twinning PXCM (Twin-PXCM) |
EREHEL, ZO )RR AR T 52 L TS S
B O BIfRZ RN T DL EH1Z, MPXCM O 8 R =
Btk o A U2 AR AR <= T U T VN E o 7S — e i
AN AR A Z, TREN A EBRIC L0 RIS KR R e
BRET DZE%2 BIET 2.

2. avtJh

AAFFETIL, Co-Cr 54X° Fe-Mn &4 CEEFIZIHEHL
L, HilRMEFE L CHRI S TOD R E TR ORI
HHL, TOFEBERMLZ Fig. 1 ([ORTIO7%, 2 &
TCREFREEZ R G R o2&k ar BT ML,
4DFF2024 O Ha%E (p.45 OP-12) [6]b & R E7=0 0.

[N AEIEO(111) fE OFEJE 1T ABCABC TEIMN,

ZOHH RBIZ—BOYAKEEANTHLE, BEIEFI
ACBACB L7210, (1114 FHEL U= i kI ot is
L70%. ZO ISR FRENE O SRz D A BT ZE T A3
Meb B Thd. MEZEIX, 1/6[112], 1/6[121],
V62111 W NI DENL AR MV E ZJd B E|ZE A
THIETEBL, JR X TR o0 3 28
REMZ T, BRI FAF =L L DR ENL
EICBENT S, —J7, W5 ~OR AW KT
HHN, EE I OF AW IV EAEDEDLZE
T, NEJF &7 O G O AR 1T LV CREL

LI/l
ISUSROSRSRSRNN
V<

Twin
Matrix

Twin

\\\\\\\\\é\\é\

Matrix
Twin

Matrix

Fig. 1. Twin—PXCM model. Unit cells are arranged in a 6
X 6 array. In the initial state, the 1st, 3rd, and 5th rows
form the matrix phase, while the 2nd, 4th, and 6th rows
constitute the twin variants.

Fig. 2. Schematic showing the deformation which occurs
accordingly to the rotation angle of the long beam AG6:
(Ref:Kanegae et al. Materials, 16 (2023), 6854.)

TED. ARBFFETIIZOREEFIAL, BI7mo¥ AW
K% nREL 4 Dk&F2BGTL, TORHRMEIEL TO
FrrERHl 21T -7

3. A&
Twin-PXCM D&% 7t1Z1%, Rhinoceros, Grasshopper % ]
W2 BBREFLTZER 11X, MPXCM O BN BV E 6x6 F
7ol 12x12 IZEE L, A BT iSOt
EEARME LTS Th D, BEREIIAA IR
N ETICHERBL, BEE TR AWEER H o2
BT Tz, HE AT A—=21F, RROEX L, B%
DES I, ZAIEORES h, FOKS n, BPEE T OK
S BLOES b ELE.

&I EHF H (Material Extrusion: MEX) % AM
4E{& Raise3D Pro2 Z FHV>, MW H O 400%L4 ECv
V73 9.4MPa & H OB AT EIVERY L4 (PolyFlex
TPU9S) CHLEL 7=

RERCIE, LT Twin-PXCM A5 EICHEEL, #
BB 0 A Wrfar 250 diAR 2 E L7, JE
ZATHER BB DO AW, TEAREIE, Wi m~DH A
WrEZ D RHE O KRR TITo72. EBIZ, Fig. 3 1R T
BRAR

RS S ACHREN RER 21T 72 [6].

Fig. 3. Test apparatus for horizontal vibration damping: (a)
schematic illustration, (b) photograph of the setup.
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4. 58

Fig. 4 (a)lZ L =20 mm, t =1 mm O TEHR L
Twin-PXCM G520 TRIS 2B O T e
— e, TAWNIZEL 7R RO DAL & 2D R,
Fig.4(b) |ZZDTLF —Z AL AL 0 T L CRE
fL7=v o Llrldisfg L ORfRZ R

h=4mm LLEDOEAITIE, 0 =0D%EIRREL 6

=60° UTFHUELE EIRAED RIZ = R L X — FEBE DNFAE
45, FZT, h=4mm & h=6mm ® Twin-PXCM %
EEL, TTReBRigIc Lot AW B E T 7.

_—
W

S
=
-t
Ll

DFHIRILE—, U )

0
EEAE, 6 ()

(b) : : h=6mm

2, dUide (J)

kL
o
8

__.___ — .___..______

 EIEAE,6()

Fig. 4. Theoretical deformation response of a unit cell of
MPXM: (a) strain energy vs. rotation angle, (b) torque vs.
rotation angle for various cased with different

Fig 5 |3 LI E AW PXCM OB O 1%
AT RETR S (MR 508) 1%, HARNCEL
7o TEALL, NiTiZe L OEGME~ L7 A NEREIC
THECLHEE NI T IO WA L RIBR O 2B A R L
7=.

LnL72736, Fig.6 (AW AN H#RIZI,
h =4 mm OEEITIE, IFFL TOZIO R FRIEE 1T
IR EDOEAITRD BN o7 ZOBHELT, h
=4 mm TIE, TRV —FEEE TR/ NSWZ 8D
Foid. EBERICE, AEEICEbRImEDE s
BRI DI RSN DHZELHY, h=4 mm OHH
DOUWELRTERBEIL, BRI R L E LT ATREMED S
%. h=6 mm OEEITIE, HEEBIZEL )W AW &
DDA GRD B, S5, A B ERFD
B EL ) e (FBHR) &, BRI RED i (F#k) &

Fig. 5. Shear deformation test of a 6 X 6 Twin—-PXCM
metamaterial: (a) initial state, (b) intermediate stage of
deformation, (c) after completion of twinning deformation.
The matrix and twin regions are highlighted in red and blue,
respectively.

0 10 20 30 40 50 60 70 80
B A E L (mm)

(b) 250
g 200
T 150
iz 100

0 10 20 30 40 50 60 70 80
B ABZE (L (mm)

0 10 20 30 40 50 60 70 80
B ABZE AL (mm)

Fig. 6. Shear force—shear displacement curves for the
Twin—-PXCM sample consisting of 6 X 6 cells, with
thickness of the sample b of 10 mm, with the height of
triangular beam h of (a) 4.0 mm and (b) 6 mm.

DN, REREATVIANGFLET D, ZHIc kY,
R AW ERICBWTL, TRAX—%2EELT
Bt L, IREVA IR T2 R A RE T DLW 5.
ZZC, h=6mm DA D Twin-PXCM Z/ERIL, /K
AR O RER ML T2, ZORkT%, Fig. 712577

-101 -



Conference on 4D and Functional Fabrication 2025

Fig. 7. Twin—PXCM under horizontal vibration, recorded
by a high—speed camera. The upper—left time denotes
elapsed time from the start of recording.

(a,.)._ 2 No damper
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Fig. 8. Acceleration response during frequency sweep
test. (a) Without metamaterial dumper, (b) with 12 x12
twin-PXCM metamaterial dumper, (c) 6x6 twin-PXCM
metamaterial dumper

W@ A BRI 2 BB O 72 /ET5
CENTE . BAMERATID mS DD EN)
FSATE LT, SO L7 B A I L 7= iR E)

EWETHIENRDONDT NAARELTSHTES
FREMEDN DD . BARKKICIE, HIEBDOMFENI Y%
SELREREIE IZB W CRBN 2= T 272D O &
LT, BIEHOWDITWDE L =07 77 72 E DA
BRELT, AT ATV —{LRBR B~ D A fr K2
L N RA R LSy a W)

5. #&m

VL ED XA, AAFFETIE, WERERARBRLTZ 2 &
TR OF AW PXCM A3%EHL, MEX 2 DAM
FEEICT, TPU ZHWTHREEL 2. BIF L7 A WY
PXCM 1, tHEERIZEb ) mS D k7L, B )7
[ OY AW L DFERR (LA TR ) 2 BT,
ZOBERIL, mIOEEEL DTS, HEICKD
FBEFEARBN OIRICA R ChHT LN EFES L.

Eif
AHFFEI, JSPS £ (JP25H00802, JP25K2217,
JP22K 18889, 21H05193) D X 4BAZ T 7-H DT .
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FIMTOEL, RIRICHOSLLY
DN 7 ILERW-B2HER 4D 7)Lo—IL
Self-Adjusting 4D Sealing with Tough and Flexible Double Network Gels
IR ERH I3
Haruto YAMAZAKI  Hidemitsu FURUKAWA
IR K

University of Yamagata

(E#9])

EERRZ ey — VI NIRRT DR E A A T HEEELE THLMERA NG AT =T N — VT MDD
A C, WA T B % B2 DA RetEn 5. T TR TIL, ML E 2 O RO miRE s 7 L Rk Y
— 77 NWDONTINCEBL, OV TRIZ NV — VEAFRIUTZ. 7O B CAEIEYEE KRB A TG L, Bl
EDFERER T s B E AR RO L2 B 3. ERL7Z3UBHTRIL , KIEBREE T COIRIREE) & [ml i EE 2
e A RIREICEHAI AT REZR FEBR R MG EEL , o — VRSO T [ O AT B DOFE W AMWERRIZ 5 2 D50 28% Ll i
L7z, A 11T O [lHRCEEFEIR L7 E DA SRS T T H OB TR RE A HERE - 2 bS5 T4D v —L D
FHEZHBL QWD ABFZEIE, LOBNWIREMEMEHZ IR RO [t H o — 1 O Al fEE 2 <L O TH
0, MER 7R IER R 778~ AR RN,

F—TJ—F:DN 5L, BlEES —)L, REER-gEHHE

[Abstract]

High-performance seals are a critical factor determining the reliability of small pumps. Conventional mechanical seals
are complex, expensive, and may affect liquid components. Therefore, this study focused on high-strength double-
network gel (DN gel), which combines flexibility and strength, to fabricate an O-ring-type gel seal. Leveraging the gel's
self-lubricating properties and flexible adhesion, the goal is to achieve both high sealing performance and low friction at
the contact point with the rotating shaft. An experimental setup capable of simultaneously measuring leakage behavior
under water pressure and rotational friction characteristics was constructed for the fabricated samples. The effects of seal
thickness and axial contact force on performance were compared and evaluated. Future research aims to realize a “4D
seal” that self-adjusts to maintain or alter its function in response to external conditions such as shaft rotation and wear.
This research opens possibilities for next-generation seals for rotating mechanisms using soft, responsive materials, with
anticipated applications in blood pumps and food transfer pumps.

Keywords: Double Network Gel, Rotary Shaft Seal, Low Friction and High Sealing Performance
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Fig1.Key Features of the DN Gel Seal
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Monomer | Cross-Linker Initiator
1st gel DMAAm | MBAA o —keto
2nd gel | NaAMPS | MBAA o —keto
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1) Mounting the Gel Seal
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Fig3.Experimental Setup Procedure
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Out-of-plane rotation of parallel-cut paper
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[Abstract]

When a thin sheet with parallel cuts is subjected to shear deformation, the naroow strips separated by the cuts buckle

and undergo out-of-plane deformation. This study used FEM to reproduce this deformation process and investigated the

relationship between the out-of-plane rotation angle and the interlayer displacement angle when varying the geometric

characteristics of the kirigami, such as its thickness and cut spacing. Furthermore, based on observations of ruling

changes in the unfolded patterns during deformation, a simplified origami model is proposed to explore the design

possibilities for kirigami with arbitrary rotation amounts. As an application, it is reported that by creating kirigami using

mirror-like materials, the material behaves like a transparent material when rotated out-of-plane, reflecting twice -once

on the surface and once on the buck surface.

Keywords: kirigami, out-of-plane rotation, simulation, origami model
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corresponding rulings in the unfolded pattern

3D deformation of kirigami structures and the
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Fig.6. Process of origami modeling
(a) actual ruling (b) simplified ruling (c) creases in the

origami model

Right side view

Fig.7. Variables of origami model
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Fig.8. “the other side is visible”(Chisato IEKI (2024)/
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7. SRORE
BARIT ABFFEC BT DR E A R DR EIZ O
Tk, AWFFED FEM Z IV ei a2l —aills

-110 -

W, AT SRR BB E — & & LT KR iE T v
W, EZANZOET LV TIIE BB — 72
EUTIN, ORI LD E T DB D ALY 5,
22T, ABEISMDS TR AL DR
TEARZALZ T T DIz Tz Tk, v — ORI R
BiEa— &I AR HLE T T L O B E AT DB
boHEEZHND,

F7-. PHHEE T TN T ASHIFFE Tl grasshopper
ZHWTIORRDITD HF 2RO D DD /NTA—F 5%
ETHLIISBTERE B TAC LT3, &% OiRE
LT, BT A=ZORRE N AT HZET ARED
SLRTERD BT B DO AN L3 28 RT-E D
RS ZT D, A ZEIZED AT EOHESME
A Z R DUV — RORREI AN ATREL 72D | B A
DESMEAZEE) -2 O PRI E Z R LIz o A
EXAERT DT LM ATRRIC 72 D EHERIS D,

8. BiEF
BRI IR 22H04954 DTREZ 1T CUVE
‘g—O

S 3k

1.  Park, J. J., Won, P., & Ko, S. H. (2019). A review
on hierarchical origami and kirigami structure for
engineering applications. /nternational jJournal of
Precision Engineering and Manufacturing—Green
Technology, &1), 147-161.

2. Nakamura, N., & Iwase, E. (2025). Stretch—-based
kirigami structure with folding lines for stretchable
electronics. npj Flexible Electronics, K1), 51.

3. Miller, M. (n.d.). Sea Shells. Ron Resch Official
Website.
http://www.ronresch.org/ronresch/gallery/sea—
shells/

4. Hong, Y., Chi, Y., Wu, S, Li, Y., Zhu, Y., & Yin,
J. (2022). Boundary curvature guided
programmable shape—morphing kirigami
sheets. Nature communications, 131), 530.

5. Bu, H., He, L., & Jiang, H. (2021). Study on steel
slit shear walls with different characteristics of

hysteretic behavior. 7hin—-walled structures, 168,
108271.




Conference on 4D and Functional Fabrication 2025

DP-01
TFTORIWNIT7I) =230 FRLETYTH AL EBOHIEERE

Practical Production of Upcycled Musical Instruments Using Digital Fabrication

Hil =, 85K FF AR SR KiE A IE RE #L g BHF Bl ZAE e
Karin NAKAYAMA, Ako SUZUKI, Honoka KUBO, Nanaka YONEZU, Suzuka KAWANO, Tomohiro INOUE,
Norikazu TAI, Kazutoshi TSUDA

mE T =M RE
Kyoto Institute of Technology
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AMRIIER 7 2 ATOFEHRIT T~ v ay TEEEL, Bas L OfhivE el U EEsRMEM
~OBE L AKBME oM L2 B ET D, VA 7 VEMEIER LT XLV 77 ) r—ya itk
HAGREEDOFREMEZ R Y | 2 OISR ZHE LTz, OEDE, Ty 7 A 7 VL —DRIZEAL
SOBA-THER [wFanm) Thd, B TELEZRLOLHGE L, BROFSIFE/ ~T VT AT
HEL7Z, HHIOEDE, Ty T A7 v —L PLA Bl AWz KEThY, FEm LDk
~HEOF#E A HiaT,

F——R:7YvTH (Y, L—F—HyE—, 3D TV ia—, T—oiavT, EEHlE

[Abstract]

Designed for a children’s workshop at a music festival, the project aims to promote understanding
of circular materials and enhance the overall experience through hands-on interaction with
instruments. This study explores the potential of musical instrument production using recycled
materials and digital fabrication, resulting in two types of percussion instruments. One of the
instruments is “Maracoro” made from a upcycled leather pouch filled with acorns. It is designed for
children to enjoy using their whole bodies to make sound and is constructed entirely from a single
material (monomaterial). The other is a drum made with a PLA resin body printed using a pellet-
based 3D printer and a drumhead made from upcycled leather. To improve sound quality, repeated

experiments were conducted by adjusting the design dimensions of the 3D print.
Keywords: upcycle, laser cutter, 3D printer, workshop, musical instrument making
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Table 1. Laser cutter (SPIRIT GLS 60W) setting

I L—%—% v | (Power/Speed)
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| Mo (- A -k@) [P 70 S &

Tv= ¥ —REHI(Power/Speed)
P 50 |s 10
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Fig. 1. Marakoro

Left: Triangular cone shape, Right: Bell shape
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1% PO (s
Fig. 2. A child playing Marakoro
3. K&EIZDUT
31 arvt7k

FELTHLNT 2 AL Lm0, BERAE LT
i RAN-bEDaza=r—a INEETHDH, 5
EE, B~ T7auzlEpV —ray T BRI T- M,
ENET TR ELTBIME A TEERTHI LIRS,
ZIT, FELERANTROBLIAILF TEXHIIIT,
Bl Ty ary BN TEDAR—REFITHIEIZ LT,
ZDAR—RITENTEBIEELGRDO—DLL T, FEHT
HIHBLLT VKB HIELTZ,

32 RMIEK

ReFIQ D772l FaGRkT X SFETRINT
oo XLy 3D YA —(FRE GEM121010)&
DA EDEIZEVAHAT, ReFIQ ZfioTFrrZA
THHWEEAT W R SR EL TO RIREME A R -T2 22 A fE<
NUDRHLFM RN, FTEEIRCE L TWDHEE 2D

-112 -



Conference on 4D and Functional Fabrication 2025

Nz, BRI WS NRTWAEIY O DIz
ReFIQ # KB DOHEEL THWAZL T, @iy koM
REALIRWZD | BREAOEELIRWEE ZHND,

33 mDRLYA

—OODFIETIEL, FED ReFIQ DOWNHIL KFLDH
O JEFIZRIEL D7 Z BT | Wik D EHH TRt 2 /U8
LCHEELZ, UL, ReFIQ ([ZRZEBITAE, HEED
RS CH [ IRD NI B3 E T TLE ST 728, %
BT 371 ReFIQ 2R BED T LA #HT LB 2 D LB H
-7,

FREtEmERRE R, WO E LD OEEDY KENWT
7w N IEICE ST (Fig.3 2R), £ET =20V
YITRHY, ZOFMAO B, — D3O TR
b ROV T TCLY —FkBiA Fr, EE DD
Vo 7 ROV 7 %A TmA CThiitb 5Z& T ReFIQ &
HEoTUS (Figd 2H) .,

AL, 5

-

Fig. 3. The ring at the top of the drum

Fig. 4. The drum
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Fig. 5. A family playing the drums

4 HBREERE

AROT—Tay T EBLT, BINE T EE~DH
7272 B0 &85 HEIRIFIZ, A T LB ER D il
VEZ L THEM ORI E ~DBEEZTRD , 7 VX
NT 7T Vr—arzfiol-t DSV ERETH L
INTET,

ARAFFEIL. XLy b A 3D TV H— (K=
GEM121010)DFE & £ f7 % F 7= 85 VE D I REME %
RTHEDOTHY, FHZIT AT IVFM EDOMAEDEIT
FORBLOWEE LTI SICERZR DD, 515288
D HHENENTD, 5 %IT BAeDFZM R EZTENL
T BEE ORI, JOZ R RBL~D B I FF
T&D, T, TET AR FEBITT—2 T ay
TEFETDHH T, SIMNB IR W HE/RFEM A7
HO I E TR | LU TR CE T RIT R ERIET
ol FRT, HAEFRM B ITRBERE L TRICRAZ
LT FEMA~OBLORHRE FTREME~ DB A H AR
THES LTz,

AT, AL SN THEWV ST RBRICE
EELT FIHRESCER GV o7 IR TS K
FRBEALZET, INTRWFEOLANE 2B 544
LU —Iay T DHY FEGES>TOET,

5. #iE

WFFEA I 27201 T » T, B4 colourloop, FRZU
SALHARRE)E . ARIFUJI WEEKENDERS, FabLab
Kitakagaya, 7> 7 A7 NVt AL — XD 4555 1T %
UTry ZZICRGHE L FiFET,

ER

1. Ty7YAINBAE =D INETORDF A
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Design and development of a homemade 3D printer equipped with a new support structure

BE R R R
Kosei HORITA !, Hiroyuki MATSUMOTO 2
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! Graduate School of Technologists, 2 Institute of Technologists
(E25)!
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[Abstract]
This study utilizes the construction of a self-made 3D printer as an educational tool. As 3D

printers become widespread in education, we believe assembling one firsthand foster a deeper

understanding of the device and imparts future maintenance skills.

To develop a 3D printer suitable for educational use, we first used an open-source, open-hardware
3D printer as a base and examined its mechanism through the assembly of an actual machine and
improvements to each part.

We devised a new mechanism with a simplified support structure, which successfully reduced the

number of parts and production costs while preserving functionality.

Keywords: Additive manufacturing technology, Making Things Education
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Fig. 1. A supporting structure that replaces linear guides
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Fig. 2. Designed and manufactured 3D printer

Table 1. Specification

Build Volume(W*Dx*H) 65%65%60 mm®

Nozzle Diameter 0.4mm

Max Hot End Temperature 300°C

Max Build Plate Temperature 80°C

Supported Filament PLA, PETG

Power Supply 20V3.25A(USB PD)

Physical Dimensions 50%155%150mm(Main body

only)

Net Weight 1.65kg(excluding filament)

AHETE Fraxinus00w3 Z2 &L >0 FrbigiE, mifF
BREIE A AHEZ A FRER 3D TV Z bl TNA.
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Fig. 3. Comparison of build quality Left: Conventional

supporting structure Right: Developed supporting structure
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1. Fraxinus Project . “Home — Fraxinus” . Fraxinus .
2025 . https://fraxinus.jp/, (B 2025-09-10).

-116 -



Conference on 4D and Functional Fabrication 2025

DP-03

DIRTGTAT TIORZOR: a—kELDxIEE
Generative Tectonics: A Dialogue Between Code and Clay
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[Abstract])

This presentation proposes and demonstrates a workflow for ceramic production that bridges the designer’s abstract
intentions with material outcomes through digital technologies. The workflow consists of three components: (i) procedural
3D modeling, enabling the efficient exploration of complex forms; (ii) a color system that combines Al-driven semantic
suggestions with physical models to scientifically derive glaze mixing ratios; and (iii) clay-based 3D printing for physical
fabrication. By unifying design, coloration, and fabrication, the workflow introduces new modes of expression where

computational control coexists with the inherent contingencies of material behavior.
Keywords: Computational Design, Digital Fabrication, Ceramic 3D Printing, Material Design, Generative Al
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DP-04

TUINRRTZRAFYIXTORINIT7IIr—230 D ERE
Social practice of precious plastics x Digital Fabrication

FE BR HL EE°
Kaito YOSHIZAWA', Tomohiro INOUE?

' IRER T =i K=, 2Kyoto Design Lab
'Kyoto Institute of Technology, 2Kyoto Design Lab

[Z#9]

AT, BREE T TATF v I B LTI TV Y AT TAF I X T ORIV T 7TV r—ar | DEERETHDH. K
BAE - MESNS A ANOBERO T CTRIEISNDL T IFTAF /G B L, 4B SHEIN 43 Bl « Beig - otk - i
ZATHZETRMLARA AT BYEERTIX, MELIcF vy 7 L PLA S 2R G LT ~L ol 3D 7V Z—I12k5
W, BELOPPHAELT=F vy 7 & WL —Y — Iy MINT AL, T2 NETE LI ) SEHE IR O FE 5
RHBRAFRIZLE. &5, BONT=FEEIRIC, AU MIBITAY—Ivay ), A AZL— gy, BLLERGE,
FHEENTFEM R LV S T SR A R A R L. CNODIFEIAZEL T, 7y 7 A2V 2 AR OBV
HRELT, T —FaTF—xa /I—DHWFEEIIT 52252 HE L= A 727,
F—T—R: TN RTSRFVY, TOANIT7IVr—2ay, 7yTHA0)L, 24570090, tEEK

[Abstract]

This study reports a practice of "Precious Plastic x Digital Fabrication" using discarded plastics as materials. Focusing
on plastics discarded in the cycle of mass production and consumption of daily products, students themselves carried out
collection, sorting, washing, drying, and shredding to prepare them as materials. In fabrication experiments, a pellet-based
3D printer was used to create objects by mixing shredded caps with PLA scraps, and laser cutting was applied to PP sheets
made from caps, enabling both stable output and precise reproduction of complex shapes. Building on these methods,
diverse social practices were developed, including workshops, installations, product sales, and providing materials for
children’s creative activities at various events. Through these activities, the project was conducted as a practice of bringing
upcycling closer to everyday life and as an effort to expand the number of practitioners contributing to the circular
economy.

Keywords:precious plastic, digital fabrication, upcycling, student project, social practice
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A Novel 3D Printing Technique for Fabricating Lightweight and High-Stiffness Structures through

Optimized Infill Distribution Based on Stress Analysis
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[Abstract]

In Material Extrusion (MEX) 3D printing, slicing software converts a 3D model into fabrication data, which consists of
outer shells and an internal lattice structure known as infill. However, conventional infill typically has a uniform density,
posing a challenge of inefficiency in terms of material consumption and fabrication time. This study proposes a method
for locally optimizing infill density based on stress distribution derived from structural analysis. To implement this method,
we have developed a software tool named "Strecs3D." This software generates fabrication data by assigning a dense infill
to high-stress regions and a sparse infill to low-stress regions. Evaluation of fabricated parts demonstrates that the
proposed method can significantly improve stiffness while simultaneously reducing both material usage and fabrication
time.

Keywords:3DPrinter, Infill, Software, Stress Analysis, FEA

1. LI DIDBIRNAR BRI R I R A B D L E S 41D —

1.1 3% J5C, BREED b BEREIND IR J1EE T TR AR
g (Additive Manufacturing, AM), FrIZE T DHEND, FEEMIRIERN RIS,

fi##efE (Fused Deposition Modeling, FDM) 75 3D DI RIM BB, MBI O HEERSS,

TV T4 7 EAMNE, AR EN D R i oiilhE BRI ONEER M OIS0 5. 7z, K&
[CELET, TOIHHPHZ SOHRIZIERSE TV, DN DER Gy TITFRE DA RL, BV R Z
FDM R UZEBWT, EEMORNEZ Rl T o5& <Hethbdd. Lichi-> T, BETEEEOmVWEG
(AT JEMHEI, TDFEERLZ =0T, FERL ZIEDTZDITIE, EEROARITIEE TH BRI
OB, HE, ZL CERRREZIRE ST BETD, FioA A 7 Vs iR R ons.

O THEERRF ST A—ZTHD[1]. 1. 2 BEEMRE
ek, 2LDAFGAY—Y T 7= T TEHASH TS 3D TV T TNZBITBAL T ANV B EDOT 7 0

FEAE 72T T —FNE, AT AIVDFEENT— % — TN, TOFRELEEEDOEMESND, ATV —I1TH
T NEEIZOTZ > T —ICE AT 50 THo7208, BENTR PNt — AT I RE, WL a2l —

WS )RR B DI E AN L T, LA AN TSR R T L — 2T — 2 KA
EREO TR PN EE 2T DR, FONEIZAD 5.
DI INIR L TH 23 L2\, ST E D E P A&, Prusa Slicer DI 7 X 7547 ¥ a— w7 A

W50, LOZOFIKTIET DT Mk V74V RERELRNTAREB S NDIDIT, BT IVDIEED
JUDRELROCOR—EITHS. LL, B—724 DO BRI o 7o B AT E R ISV TRRER R IZ
VI VEBATAUEROFIEL, 2O AR Y~ EEZE(ESELIFIETHH3]. ZNHIFEHE AN
ISH A EZBEL QRN ZOREE, IEHMEEAE B RIIRATA A T AR AESN TR 22—

-125 -



Conference on 4D and Functional Fabrication 2025

TAMENED D, FEEEOREFMEEZZELRNZD
I L DR EEIIIBR A D B 5.

BFL, MEIEMAT O ARG T L — AT —J 2B
15, JVEMBCTHERIIRT S re—F Tho. £DH
BERTONn, 520N, mE, BREE
D F T2 E DOMEREE B RALT DI B D Heiii
Bz H T 25 R A Th A MR Y — i1k (TO)
72 ZVEA T VTSR T 5L LT, Blx1E Jun
Wu BIE, S DINSAHERFL DD, WERDHE)—7p 1
TANV%E TO \ZEo TAEKSN M B ICENT=TT
A ARSI E S D FIEAIRELZM). 0, LiYi 6
X TO OFFATHE %7 4T A Ot &% RETHIIH
T DFHEITHLDIA I, Bl b S AV A& it
MIZHBT 57 7 e—F 28R L TWAH[5]. izt
Yamin Li, Samuel Rilling 5&1ZUC %, TO OfERNHA L
TV E H RTINS S B DR AT I S FET
56,71

XBH1Z, Kam-Ming Mark Tam 13885 Tl s
FRATIZ I D E T 4T A PO B K% FI5 ) 7 ANcin
LI EThREbE BRI 728, RN ED D
a8l
1. 3K EM

AIEICRLTz, KEEO2—F—03FI T 55
7Tkl —EROREMZE O ZFIH FTRE L & 7 Tk
EORNZIE, IH B, Whwa [T hTIv s
FTUT 4 at— Xy DFAET D AR TH
FEL7= Strecs3D(Fig. DIL, ZOF vy 7Mbb HrZ L%
BHYET 2. HARR A BRE R AT (FEA) OfE FIZEE
DX, LIRS RIE N DA TA L T4V
FEEEREALT D, 2k, TO 1ZE DB HEMZED
TN B — 2D bz vl REE L, BHIZE TR
VTR L T I A RER E R ) 2 —
arEHRMET L O THS.

Table1. Comparison with conventional methods

Fik FAR B TR AT Ty [FHE=AN [FARFLR FAR RS
Adaptive Bl FEH e 2 — | ATAY—RE |Ga—NK 1% JEDER ORI [ EAE S EL
Cubic[2] AT AT A + 720
Modifier(FB) |2 —H%—DEEK [Modifier Av/= |G a—R & JRI TR 72 4 IR, FER
CLiED) r—o7 )
55 —var [BERta—Y |G a—R+22) |EFESN- Gk (R (185072 Ak AR —
ZIY TR AT AR 7k a—R W
Strecs3D FEA J5 /1<y ¥/|STL + VTU (f BEREEEZ |+ (RTLE) |77 XY | 5EE R
7 H/HWH) F§2 3MF BR—25HEE €, FERERN
MY —R#l BUrEaEL |REHER T E G b AL BLWEAR DAL [FHE AR
{kl4, 5, 6, 7] STL/STEP A
IS — | RGMT e A FEAIS Y [HI#R G a— [FERICE |55 MR 2 e K 8L~ L 0
UZav Ak N 1t o

°

A\ Strecs3D

Fig.1. Screenshot of Strecs3D
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Fig.2. An example of an FEA simulation in FreeCAD
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Fig.5. Compression test setup: (a) Strecs3D—applied infill,

(b) uniform infill
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Scented 3D Printing Materials Derived from Food Waste and Their Potential Applications
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[Abstract]

In this research, DIY bioplastics for extrusion 3D printing were developed using locally collected organic waste,
including food scraps, flowers, and shells, with a focus on retaining their unique scents. Gelatin-based materials preserve
these natural aromas, allowing users to enjoy fragrance while using the material. The 3D printing approach increases the
material’s contact with soil, enhancing biodegradability and enabling structures to return to the environment after use.
This study explores multifunctional, scent-infused bioplastics that combine sensory experience with sustainability,
offering new possibilities for waste recycling and eco-friendly material applications.

Keywords:DIY bioplastic, 3D printing, waste recycling, biodegradability, scent
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Sample showing shrinkage (Middle)

Drying process after adding shell powder (Right)
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Fig. 4. Powdering process

7.5 8 & 4
Fig. 3. Cleaning process
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Fig. 5. Material preparation process

34FYDITHTOF LD RE

PLRICHSNDFEZHWNT,DIY NAFTTAF
8B aZ IO TarNIA T HWE LT Z O RAEY)
W/ KREDFEVERTTZODI AT LI T AT A
PHEREETWD.ZOTar AT 1L, 4L P DFY
DT 52 —hEAEDFVNT D — ORI, ZD 2 FiFH
DEDHFEMERLIZIED 3D TV NEEE T ICE
IANTEREIEIZ 2> TS (Fig.6) AV — MOV T,
YIF YRV K=4:1:20 OEISTHEL A
TRUIAB RS E7-(Fig.7). 3D VU hEH7= DIY 234
FFF2F 7 (Fig.8) 1%, FDFEVIT kT DRI
HZET,a—FICEFVEHRSELZ -T2 v —]
ERICHELFLA TS —hOBKICEBATL, 5T 528
T D LTy NEER T 2 % ZE & Ot 2 fE O
T, ZHUCED DIY NAFTTAF w7 RO Lty b H
& 235 (Fig.9).

sheet |

sheet2 e g WHO®ED)

Fig. 6. Description of the Structure and Visualization of the
Final Product

Fig.7. drying proces(Left)
Fig.8. 3D printing file 2(Right)

Fig.9. Printing to completion — appearance of the mouette

sample
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Fig. 11. CT scan results (from top: 08.15 — 08.26 — 08.30)
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Fig. 12. Comparison between installation and post-retrieval

conditions
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Proposal for Perishable Concrete Using Salt to Evoke Awareness of Material Temporal Change.
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[Abstract]

This study introduces “decay-prone concrete,” a salt-infused material designed to encourage
awareness of the materiality of urban infrastructure. By incorporating salt into the concrete mix, its
fragility was intentionally increased, enabling controlled short-term transformations. These include
structural changes and visual effects such as surface whitening caused by efflorescence. Through
this process of accelerated decay, the research examines how material degradation can serve as a
design strategy to reveal the temporal nature of urban infrastructure and stimulate new
perspectives on its lifecycle.

Keywords: concrete, salt, material fragility, awareness of materials, temporal change
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Fig.1 Deterioration of Concrete in Urban Areas
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Fig.2 Robert Smithson [Spiral Jettyl] [4]
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Fig.3 Richard Serra [Inside Outll [6]
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BALLE ()
RIGLEE (%)
BIE 1 K XV
@ 240 : 60 : 60 80.00
@ 225 :60:75 75.00
® 180 : 60 : 120 60.00
@ 75 1 60 : 225 25.00
® 30 : 60 @ 270 10.00
® 0 : 60 : 300 0.00

Table.1 Mix ratio of salt to cement and water

Fig.4 6 samples placed outdoors for 3 weeks
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Fig.5 Formwork made with a 3D printer
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228.4

137.6

100
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20.33 19.89 17.64

0

U] @ () @ ® ®

Table.2 Weight after 3 weeks (g) and weight loss ratio (%)

Fig.6 Sample( with pronounced efflorescence
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Fig.7 Exhibited model
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Fig.8 Viewers interacting with the display
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A Density-Based Control Method for Underwater Behavior of Structures and Mechanisms Using
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[Abstract]

In 4D printing, autonomous deformation is often achieved by utilizing material-specific properties, but these
approaches face limitations in material selection and deformation diversity. This study controls vertical motion underwater,
driven by buoyancy and gravity, by adjusting part densities through 3D printer infill density. A device is composed of
components with different densities, enabling deformation by directly utilizing vertical forces underwater. Furthermore,
by reversing component vertical motion or device submersion direction, deformation can be selectively controlled.
Additionally, embedded mechanisms indirectly convert vertical motion into other directional deformations.

Keywords: underwater, buoyancy, deformation, infill density, submersion
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Fig. 1. Object appearance on land (a) and underwater (b)
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The MEWron: Open-source Melt Electrowriting

Simon Luposchainsky?, Paul D. Dalton?, Huaizhong Xu'

"Kyoto Institute of Technology, 2University of Oregon

[Abstract]

This research develops new hardware for specialized 3D printing of microfibers via electrohydrodynamic jetting. This

approach significantly lowers the barriers of entry into this field of research and empowers scientists to adapt or modify

their hardware to their specific research needs free of financial or other third-party limitations. In this approach, existing

3D printer designs from the open-source Voron project are modified to facilitate MEW printing. By using existing

hardware designs as a starting point, we simplify part sourcing and can tap into the vast existing knowledge base of the

open-source 3D printing community and also train the next generation of users of this technology in all fundamental

concepts of fused filament fabrication and leading them to MEW, from hardware to software to process. Thus, this project

will accelerate and proliferate MEW technological developments and contribute to overall improved study outcomes

involving it.
Keywords: MEW, open-source, fiber, hardware

1. Introduction
Originating in tissue engineering research, melt
electrowriting (MEW) 1is an additive manufacturing
technique that forms macroscopic structures from
microfibers via electrohydrodynamic jetting of solvent-
free thermoplastic melts. Due to its roots outside of
traditional engineering disciplines, many research groups
depend on highly specialized and expensive commercial
systems to perform experiments with MEW. This limits
proliferation and advancement of MEW technology even
though the underlying physical principles are simple to
harness and suitable for open-source hardware adoption as
exemplified by the fused filament fabrication (FFF) 3D

printing ecosystem.

2. Concept

Our work adapts existing open-source hardware from the
Voron FFF ecosystem into capable, low-cost MEW
printers while retaining the open access ideas they were
built on. We demonstrate the power of this approach by
building a fully functioning “MEWron” printer for below
200.000 JPY capable of processing thermoplastic
filaments at up to 300°C melt temperature. We produced
fiber diameters of 7 pum from medical-grade e-
Polycaprolactone (PCL) as part of this proof-of-concept
study. We also introduced MEWron variants to solve
material-specific challenges and used them to process
quickly degrading biopolymers on flat and tubular heated
substrates.

Building on this established platform, our work now
improves key areas of the MEWron by offering
alternatives to improve supply chain constraints, ease of
assembly and use, or enhanced functionality of the

electronic hard-and software, printhead and high voltage
contacting components such as the collector. We will be
presenting samples printed using MEW technology in our
research group, as well as a fully operational MEWron
printer adapted for live demonstrations of this bleeding
edge manufacturing process.

3. Conclusion

The Voron open-source hardware ecosystem is a
readily accessible, modifiable, and powerful system to
facilitate the development of emerging manufacturing
approaches. We anticipate increasing adoption of this low-
cost approach for MEW in the coming years and are
striving to expand the available configurations of printers
for different use cases.

References
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Fig. 1. Portable MEWron device for planar printing.
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[Abstract]

InThread is an interactive weaving loom system that bridges digital design and manual

fabrication,

fostering co—creation in textile—making.

Traditional weaving requires material

knowledge, rhythm, and precision, while digital tools often obscure process. InThread integrates

custom software with LED prompts to signal shaft lifting and pattern progression, transforming

the loom into a responsive partner. This hybrid system preserves tactile engagement while enabling

exploration of complex patterns. Through hands—-on interaction, users learn, adapt, and experiment,

fostering shared authorship and meaningful human-machine interaction.

Rather than automating

craft, InThread amplifies the maker’ s role, contributing to design research, hybrid craft, and

human—material interaction discourse.

Keywords:3D, Co—creation, human—machine interaction, hybrid craft, interactive weaving loom, textile—making innovation

1. Introduction

Textiles uniquely blend cultural symbolism and
functionality, representing connection, wholeness, and
transformation. And textile-making, often seen as
meditative and generative, fosters calmness through
repetitive emotions, making it both a creative and
therapeutic practice [1]. In contemporary design, textile
creators are at a crossroads, balancing traditional hand
craft with digital innovation. While computational tools
offer new possibilities, textiles remain inherently
material and haptic, requiring hands—on interaction to
preserve their tactile essence [2]. Given their
adaptability, textiles have emerged as a compelling
medium for HCI research, offering diverse approaches to
material—driven interaction and fabrication. They enable

novel methods of construction through multi-material

integration, customization, and form—giving processes
such as weaving and knitting—techniques that hold
untapped potential for interaction design [3].

Textiles have long influenced human interaction and
design. With weaving technique bridges craft and
computation, offering insights into materiality within
HCI [3]. While the mechanical loom revolutionized fabric
production, weaving’s artistic value endures. Today,
blending traditional techniques with modern technology
enables unique textile designs [5]. Textile methods
continue to inspire innovations in soft circuitry, dynamic
interfaces, and sensing systems. Collaborations between
textile artisans and HCI researchers are crucial to
preserving craft knowledge in interactive design [4].
Building on this, this research aims to develop tools that
designers to integrate digital

support  textile
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technologies into their creative practice while preserving

traditional craftsmanship. With research objectives

specifically:

e Develop tools that merge traditional and digital
techniques to enhance textile designers’ work while
maintaining manual processes.

e Create tools that support textile practitioners’
creative concerns, ensuring digital technologies
assist rather than dictate their process.

e Integrate traditional craft with digital innovation to
expand design possibilities while preserving the

material essence of textiles.

2. Concept
2.1. Weaving and Weaving Loom

Weaving is one of the oldest known craft techniques,
originating in the Neolithic Age [6] or the pre—pottery
era [7].

fundamental weaving process has remained consistent.

Despite technological advancements, the

Early weaving techniques included the warp—weighted
loom, used in ancient Greece and by Native Americans,
where fabric hung from a rod with weighted ends. The
two—barloom, developed in ancient Egypt, allowed
horizontal or vertical weaving and influenced modern
tapestry machines. The back-strap loom, originating in
Pre—Columbian Peru, offered adjustable tension and
remains in use in parts of Asia and the Americas. Tools
such as bobbins, shuttles, reeds, and heddles —including
harnesses— enabled the production of more intricate
fabrics [7]. With the development of more intricate
fabrics, looms also evolved, including the introduction of
the drawboy or drawgirl on the drawloom, who played a
role in helping the weaver lift the harnesses from the top
of the harnesses, before the invention of the Jacquard
loom [6]. Handweaving has shifted from industrial
production to decorative purposes, but remains vital in
creative industries for idea development. It is still valued
in art schools for exploring materials and is used in
occupational therapy [7]. Documenting the weaving
process on a specification sheet is essential for recording
thread sequences, shaft movements, and design details,
ensuring accurate pattern replication and tracking of
lifting combinations and weft variations [8]. This
highlights the continued relevance of manual processes

and handloom weaving.

2.2. Weaving Loom Development in HCI

Makers and textile designers today blend traditional

craft with digital tools to innovate while preserving core
techniques. Since the rise of hacker spaces in 2016,
makers have combined 3D printing, sewing, and server
tech, reflecting the fusion of craft and technology [2,9].
HCI researchers recognize textiles as foundational to
early computing, renewing interest in traditional crafts
[10]. About 53.19% of hybrid craft studies in the past
decade explore this link [11]. Although textiles in HCI
research are valued for their rich potential in digital
fabrication techniques, it is also possible that tools
themselves can contribute to research in this area.
Several studies in the HCI field focus on the
development of the weaving loom itself, such as
Loominary by Sullivan et al., which uses a rigid heddle
tabletop loom as a game controller, turning player
choices into tangible objects [13]. LoomPedals by Wu et
al. introduces modular foot pedals for TC2 Digital
Jacquard looms, enabling real-time design improvisation
[10]. The Low—Cost Jacquard Loom by Albough et al.,
combines traditional hand weaving with computational
patterning, allowing hands—on weaving with real-time
design adjustments [12]. And last, the Escapeloom by
Desphande et al., where they designed an augmented
loom that links weaving with many creatives’
possibilities. They didn’t use exact weaving loom
because traditional looms are complex which caused
novices struggle to understand warps, wefts, heddles,
drafts, and how they synchronize [14]. These four
studies contribute to the development of weaving tools
that not only focus on fabric production but also
highlight how these tools provide innovation and
contribute not only to the woven fabric in the process
but also to the user experience. These four studies focus
on weaving looms or tools that maintain a strong user
role while also providing the freedom for users to express
their creativity, even though the tools allow for creative
interventions. It showed the potential of merging

traditional and digital techniques in certain fields

3. Framework

InThread is being developed as an interactive
handloom system (see Fig.1) that integrates digital
technologies to support real-time feedback, creative
While

preserving the tactile, flexible, and improvisational

exploration, and emotional engagement.
qualities of traditional weaving practices. With the target
user of this prototype are craft practitioners (including

artist, designers, who working in textile—based creative
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practices) who seeking a balance between digital control
and hands—on exploration. Interactive fabrication system
that being built on InThread compared to the other

weaving process, the traditional one and the digital one

can be seen on Fig.2.

Traditional
weaving

Weaving draft

Physical output
{fabric}

R
Qutput device

< :
Digital weaving ) ) i

Input device

Interactive fabrication g4
for weaving P

Hand-on process

Saved data Physical output

(fabric)

Physical output
Interactive fabrication system (fabric)
for weaving

Fig. 2. Interactive fabrication for weaving compared to
traditional weaving and digital weaving
The system is built by integrating electronic
components into the Handy Loom 200, a portable
tabletop Teoriki designed for
compatibility with modern tools. This setup combines

loom by Tokyo

hardware elements such as an ESP32 microprocessor,
limit switches, and LEDs with simple software installed
on a computer. The Handy Loom 200 was selected for
its foldable design, ability to maintain warp tension
during weaving, and support for various yarn types,
making it easy to transport and use in different
environments.  Also,
traditional looms lies in the intention to preserve their
cultural value, ensuring that the form and structure of
the tool remain unaltered.

The accompanying software features a minimalistic
8x8 grid interface, allowing users to quickly sketch or
input patterns without detailed previews that are usually
used in weaving drafts. The concept of the grid was
based on the weaving loom that was used, the table top
loom with direct tie—up system where each lever
connected directly to each shaft and can’t be changed.
Each column in the grid corresponds directly to an LED
that is installed on each loom lever, enabling seamless
communication between the user’s pattern input and the

consideration of employing

loom’s LED system during weaving as can be seen on
Fig 3 and Fig 4.
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Inthread Software ETATE T AT T T 7 7 LLED Jteven
Software main interface

Fig. 3. Connection between software interface and LEDs

The software itself has two main features: Real-Time
Pattern Modification and Co-Production. Real-Time
Pattern Modification enables users to connect the
software directly to the loom and input patterns or
images without needing to create a traditional weaving
draft first, fostering creative experimentation with
patterns and materials. The Co—Production feature
provides random pattern suggestions during weaving,
creating an interactive dialogue between the loom and
the user. Users can follow their original designs or adapt
them based on the loom’s suggestions, encouraging
collaboration and enhancing the creative process.

TR

An early pilot study (can be seen from below picture
in Fig 4) was conducted to identify the appropriate users
for the tools, which can be characterized as simple yet
multifaceted. The tools were exhibited at a children’s
exhibition for two days, during which a fabric measuring
12 cm by 180 cm was produced while using 3—ply cotton
threads for the weft yarn. Approximately 40 children
from various ages were engaged with the tools,
demonstrating a clear interest. However, the tools
consisted of three components requiring user attention—
the software interface, the LEDs and levers, and the
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shuttle with yarns—which proved challenging for the
children to manage simultaneously. Most participants
could only focus on one aspect at a time, leading to
difficulties in fully understanding the overall process. As
a result, the approach was adjusted on the second day:
the weaving patterns were pre—determined within the
software, allowing the children to concentrate solely on
the hands—on weaving experience. These changes
improved usability by reducing cognitive load and
enabling more focused interaction with the weaving
activity.

4. Conclusion

These findings showed that InThread successfully
integrates digital technologies with traditional weaving
practices to support creativity and engagement, the
complexity of managing multiple interactive components
may pose challenges for novice users, such as children.
However, for the intended target users—designers and
textile artists—balancing real-time digital control with
hands—on interaction is essential to foster creative
exploration cognitive  overload.
Simplifying or adapting the interface based on user skill
levels can improve usability and focus. Therefore, future

without causing

development should aim to refine the system’s
interaction design to provide flexible, responsive tools
that empower craft practitioners to seamlessly combine
digital and tactile elements in their creative workflows.
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Bending—Torsional Buckling Analysis of Elastic-Ribbon Polygonal Units
ERN B SH RiE F Ak
Kaoru AOKI, Rinki IMADA, Tomohiro TACHI
RIEKZE
University of Tokyo
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[Abstract]

This study examines a ribbon structure made of an elastic sheet with uniformly spaced alternating slits. When the ends
are joined to create a closed loop, the system forms a distinct N-gon shape because of internal bending stresses. Focusing
first on N=4, we evaluate the stored strain energy using a shell model and a simple bending—torsion model and analyze
the stability of the transition from a planar to a folded configuration. We further propose assemblies that use this unit as
a building block. In chains where units are rigidly connected in series, applying global tension or compression induces a
characteristic deployment in which neighboring units rotate alternately. We also show that varied connection schemes
give rise to diverse dynamic behaviors.

Keywords: buckling, rotation, strain energy, polygon, stability
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Fig. 5. Dihedral angle
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Fig. 6. Modeling in Grasshopper
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Fig 7. Relationship between distance scaling factor and
energy
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Fig. 8. Simplified beam model Fig. 9. Parameter definitions
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Fig. 10. Potential Energy U over the deployment
t with different stiffness ratio G/E, U is normalized by
its maximum value
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Melt Electrowriting MEW)X T2 ALV ABEF 1 —TIRKAF ¥ T4 —)L
FDEIER E 2 & REAK Fll 1
High-Stacked Fabrication and Morphological Control of Large-Volume Tubular Scaffolds via Melt
Electrowriting (MEW) Technology

3k WEF. RS

ZHANG XTAOYU, XU HUAIZHONG

RE I =M RE
Kyoto Institute of Technology
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ARFFETIL, Melt Electrowriting (MEW) 3D 7V T4 7 IS ST 22 FIE 2R R L. REE O
R DT 22— T WRAX ¥ 7 4+ — VR IEC BT DR 2T, FHRE S 2L — a EHEREEAA D E LT
ET, EIINTEE S FEIERE D MR LS F R BIMR AR EEL | 2L 72— L OO GRHE T I CRIGHE B A G 48 L T
TEHIEEHLIC LT, EBROFER, 1000 JEEB X DRKNET 22— T RAX v 7 +— /LR DOETIT LI | fkHER
D] —Mb RAFIZHER STz, SHIZ, b 7& —HE 0BT LY SO RERIEN FTReL 720 | 8 &
DERZHTDOEROFEBLENR LI, ZNODOMRIL, BEET 2— 7 RAX Y7+ — VL RDEE vk AT
LHE LG N L7200  MEW 400 32 RS H#H 2 R E<IEIR T2 ATREME 2R L T D,
F—J—K:3D, Melt Electrowriting(MEW), Fa—T4RRXvI4— /LK, SHERBER, TEESIH

[Abstract]

This study presents a novel regulation strategy based on Melt Electrowriting (MEW) 3D printing technology to address
the challenges of fabricating large-volume, high-layered tubular scaffolds. By combining computer simulations with
experimental validation, we established a constraint relationship between the applied voltage and the collector distance,
enabling precise control of fiber diameter through adjustment of the collector speed. The experimental results successfully
demonstrated the fabrication of large-volume tubular scaffolds with more than one thousand layers, while maintaining
excellent fiber diameter uniformity. Furthermore, additional regulation of the collection speed allowed for morphological
control of the scaffold, enabling differentiated layer heights during fabrication. This breakthrough in high-layered tubular
scaffold printing significantly broadens the potential applications of MEW technology in practical production settings.
Keywords:3D, Melt Electrowriting (MEW), High-layer fabrication, Morphological control
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Fig. 1. (A) Schematic image of a customized MEW device. (B)
Electric field simulation structure diagram (taking the needle
lift height of 20mm as an example). (C) Relationship between
applied voltage and receiving height change. (D) Electric field
intensity distribution of simulated needle at 5 mm, 10 mm,
15 mm, 20 mm, and 25 mm.
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Fig.2 (A) Printing a thousand—layer tubular scaffold sample. (B)
Fiber morphology under scanning electron microscopy. (C1)-
(C9) They are the intuitive states of fiber filaments in different
parts. The serial numbers increase in sequence, representing
that the observation position gradually moves outward in the
direction of the arrow in the actual picture.
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Deployment Mechanism of Radial Slit Sliceform Structure
wEAN E AR
Kiyoto HAYASHI, Tomohiro TACHI
RRKF
University of Tokyo
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[Abstract]
In this study, we propose a new sliceform structure in which slits are arranged radially, extending the conventional

parallel-slit sliceform. This structure deploys from a plane into a spherical shape and then refolds. During deployment, a
snap-through phenomenon occurs. Using arc model and sector one, we analyzed its geometric characteristics. Under
non-twist deformation, the linkage behavior corresponds to a Chebyshev net on a sphere. Furthermore, the bending
strain energy was proportional to the square of the bending angle, and simulations revealed that the potential energy
becomes maximum at the fully deployed state, with the two folded states being stable equilibria and the fully deployed

state being an unstable equilibrium.

Keywords: sliceform, snap-through, radial slit, strain energy, bending
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Fig. 2. Deployment behavior of a radial-slit slice
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Fig. 4. Twisted deployment and non—twisted deployment
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Fig. 5. Spherical Chebyshev net
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Fig. 7. Deployment behavior of the elliptical model
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LiDAR RF ¥ F THREFE LT —ZIC K 2 OCREREYMD 3D L DIRET
Investigation of 3D reconstruction of terrain and architectural structures from LiDAR scanner data

SRR, BREL RHARE EFEE NHES
HRIZXZE
Yuuki Iwata, Norihiro Kumasaka, Runa Takei, Tatsuhiko Hoshino , Takayuki Uchida

Tokyo Polytechnic University
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[Abstract]

This study demonstrates a workflow for high-precision 3D modeling of the Enoshima Sea Candle using the LiDAR
scanner FJD Trion S1 combined with RTK-GNSS. Continuous RTK connection effectively reduced cumulative errors
and provided stable point cloud data. Preprocessing with CloudCompare and reconstruction with Revit enabled the
creation of a mesh suitable for fabrication, while additional corrections improved printability. The final 3D-printed model
accurately reproduced the lighthouse’s geometry, confirming the potential of this approach for cultural heritage
preservation. Future prospects include the use of AI methods such as Gaussian Splatting for automated gap filling and
higher-quality 3D archiving.

Keywords: LIDAR, RTK-GNSS, modeling, 3D printer, archive
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Fig.2 Photograph showing the measurement process of 3D
scanning using a handheld LiDAR and RTK-GNSS
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Fig.3 The equipment used for 3D scanning and the 3D software
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Fig.4 Point cloud data of “Sea Candle” Lighthouse
(a) With real-time RTK connection, ( b ) Without

Fig.5 Location of control points on the map
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ZDOEHTIL, Table. IR T X D ICEHOBEED
RMSIiZ# 0.06m (6cm) &7e-7z.

Table.1 Comparison with CP using Helmert transformation.

LiDAR
cP X (E) [m] Y (N) [m] Z (H) [m]
P01 -32255.400 | -77613.672 97.770
P02 -33250.664 | -77631.244 102.527
P03 -32266.486 | -77642.348 102.450
RTK
CP X (E) [m] Y (N) [m] Z (H) [m] Rz [m]
P01 -32255.397 | -77613.754 97.77 0.051
P02 -32250.686 | -77631.408 102.527 0.083
P03 -32266.386 | -77642.396 102.45 0.050
RMS (Root Mean Square) : 0.06331 m
6.33086 cm
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Fig.6 3D model of Enoshima Sea Candle derived from
3D point cloud data obtained via handheld LiDAR
scanning
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Development of Organic Formwork using Fabric and 3D Printing
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!'Graduate school of Keio University, > Keio University, * DigitalArchi Co., Ltd.
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[Abstract]

Research on 3D printing technology for fabrics is gaining attention as a form of 4D printing. It goes beyond mere visual
decoration, combining the dynamic properties of fabric with the precision of 3D printing to create new forms of shape
transformation. This study focused on the practicality of this technology as a formwork and produced prototypes.
Applying the fabric casting technique to create three-dimensional structures with organic forms enables the formation of
concrete surfaces that transfer the gentle shapes of the fabric. These holds promise for developing new sculptural
expression methods. At the prototype stage, we explored the potential for utilizing the unevenness of the concrete surface
to retain rainwater vertically.

Keywords: stretch fabric, 3D print, textile, fabric casting, formwork
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Fig4. Apply a thin layer of paint to the surface of the fabric
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Fig8. Dry and wet fabric—wrapped concrete
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Learning Beyond the Classroom: Empowering Students’ Future through Fabrication

LA

Shu Yamamoto

"Bl BEER, CPREANEERRE TS 5

ISeigakuin Junior & Senior High School, 2Seigakuin Education Design Development Center

[ZE#9]

AT, 6 AFMZEUTIT UL X T Falet oS30 | # B B EERHL WD, TUXLv 777
r—ar YT RS, THR7 a7 T30 7R STEAM B8 TOFIE, HEiRAET —AI2ED GIL-GIT {F#), &5
(ZHIBE O R - R L DB 2L, FAESCHEL, FIROPE X 5 I AT A BT 7. F712 3D CAD ZH W\ -
3D BTV HMEBAFE, Z2MT A (CO-SHA 7ry=7h), 3D A—/R—H AL 270y 7 MERR T, Ef
OAER) A 2 EE D, ERE-FyVTBOERER L. KR TIE, ZhbOHEEE T BEL2 R 355
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[Abstract]

This study reports on a six-year educational program at Seigakuin Junior and Senior High School that integrates digital
and analog fabrication. Anchored in a digital fabrication space, students engaged in programming, STEAM-based projects,
and mixed-grade collaborations through the Global Innovation Lab (GIL) and Global Innovation Technology (GIT).
External partnerships with universities, industries, and local communities enabled practices that transcended classroom
and school boundaries. Notable initiatives included the development of 3D CAD teaching materials, the CO-SHA spatial
design project, and participation in the 3D Super Science Program. These experiences enhanced students’ creative
confidence and reshaped autonomy and career perspectives.

Keywords: Digital Fabrication, STEAM Education, Career Education, Inquiry-Based Learning, Community Engagement
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Non-electric Wearable Soft Actuator with a Modular Pneumatic Supply System and Kink Valve
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[Abstract]

Pneumatic soft actuators have gained attention as lightweight and flexible wearable robots that can comfortably
support human body functions and enhance physical abilities. However, their practical application has been limited by
bulky pneumatic supplies and energy-intensive electromechanical valves, which conflict with the requirements of
portability and energy efficiency in wearable systems. To address this issue, we propose a non-electric wearable soft
actuator that integrates a foot-pump module, which efficiently supplies air using walking motion, and a kink-valve module,
which enables flow control with small finger movements. We present rapid-prototyping methods for these components
and soft actuators using digital fabrication techniques and demonstrated their feasibility for non-electric body support

devices through augmented finger actuators and arm-support actuators.

Keywords: soft actuator, wearable device, non-electric, kink valve, foot pump
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Fig. 1. Hybrid air pump integrating a 3D—printed elastic

gyroid structure with an air—sealing silicone layer
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Fig. 2. Foot pump module
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generated by foot pump modules

Relationship between step count and air pressure
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Fig. 4. Kink valve module
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Fig. 5. Heat—seald soft actuator composed of TPU-coated

fabric and 3D—printed substrate with pneumatic cells

Fig. 6. Augmented finger actuator
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[Abstract]

To obtain design guidelines for structures that reproduce the elastic anisotropy of crystalline materials, this study
focuses on the relationship between electronic structure and elastic anisotropy. We investigated the correlation between
elastic constants obtained using DFT and two indicators: spatial electron localization and pairwise atomic bonding
properties, to identify parameters with strong influence. As a result, a strong negative correlation was observed with the
mean value of electron localization, and a weak negative correlation was found between Poisson's ratio and pairwise

atomic bonding properties.

Keywords: Ab initio calculation, finite element. Method, metamaterial, electronic structure, lattice
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Fig.1 Research framework combining density functional

theory (DFT) calculations and finite element method (FEM)
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validation for predicting elastic properties of materials. The
workflow includes DFT-based prediction of elastic constants,
FEM verification through structural analysis, and
development of high—precision predictive models linking

electronic structure to mechanical properties
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Fig. 2 Zener ratio plotted against Poisson’s ratio for FCC pure
metals based on Materials Project calculations.
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Fig. 3 Cross—sectional visualization of the 3D Electron
Localization Function for Al, Cu cubic structure.
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Fig. 4 Crystal Orbital Bond Index (COBI) as a function of
energy for Al, Au, Cu, and Ni, calculated using the LOBSTER
package. The energy is referenced to the Fermi level (Ep =0
eV)
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Fig. 5 ICOBI vs Interatomic distance (A)for Al, Au, Co, Cu, Ni,

Pb, Pd, Pt, showing the relationship between bonding
strength and atomic spacing.
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Fig. 6 Correlation matrix showing Poisson’s ratio (¥ ) and
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The heatmap displays correlation coefficients ranging from —
1.0 to 1.0, with statistical measures including mean, long—
range component, maximum, minimum, standard deviation,
and total values.
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Fig. 7 Correlation between first nearest neighbour COHP
(Crystal Orbital Hamilton Population) average and (a)
Poisson’s ratio and (b) Zener ratio for FCC pure metals (Au,
Pt, Ni, Cu, Pb). Correlation coefficients are 0.39 and 0.51,

respectively.
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[Abstract]

We propose a new planar block puzzle that can represent tessellations of cubes and rhombic dodecahedrons. The
puzzle that will be the outcome of this research will enable cubes and rhombic dodecahedrons, which are somewhat
difficult to grasp spatially, and their space-filling properties to be grasped visually and tactilely as solid, real objects.
Furthermore, the high degree of freedom in combination is likely to help develop creativity and spatial understanding

abilities.

Keywords: puzzle, space-filling, tessellation, rhombic dodecahedron, Miura folding, metamaterial
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Fig 1. Early prototype
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Fig 2. Comparison of prototype and improved model
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Fig 10. Assembled movable shapes
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tube ends
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[Abstract]

This study proposes a hybrid gift design that incorporates environmental context, based on the observation that the results
of chocolate 3D printing are influenced by ambient temperature. The design uses photographs as a medium and sets the
chocolate printing temperature according to “the temperature on a specific day in memory.” Environmental context from
that day is also integrated into the chocolate’s surface decoration. This study aims to explore whether embedding
environmental context in gifts can enhance their sentimental value, offering new directions for emotionally resonant gift

design.

Keywords: Chocolate 3D printing, environmental context, hybrid gift, sentimental value

1. Introduction

Food 3D printing technology holds great potential for
producing three—dimensional structures with complex
geometries, intricate textures, and customized
nutritional content [1]. Chocolate is a commonly used
material in food 3D printing, primarily due to its melt—
extrusion properties and its popularity in the premium
food market [2]. In our chocolate 3D printing tests, we
observed that, owing to chocolate’s melting property,
the printing result is influenced by ambient temperature.
Even without modifying the model file or the chocolate
material, variations in ambient temperature can lead to
different printing results. This demonstrates the
context—based uniqueness of the printed objects.

At the same time, chocolate is a popular snack that
provides both sensory satisfaction and social value and
is often regarded as a classic gift [3]. Research on gifting
behavior indicates that recipients tend to value gifts with
sentimental value, such as something the giver felt
inspired to give based on their relationship [4].
Compared to material gifts (objects for recipients to
keep), experiential gifts (events for recipients to live

through) are more effective in enhancing interpersonal

relationships, because they are able to evoke more
intense emotions [5]. Gifts with sentimental value are
often related to shared memories between the giver and
the recipient. Research has shown that contextual cues—
such as environment, climate, and setting—play a critical
role in memory retrieval, and matching the original
learning and recall context can enhance memory
performance [6]. Based on this, we propose the following
idea: could embedding the environmental context of a
memory into a gift’s design enhance its sentimental
value?

Building on these insights—the sensitivity of
chocolate to ambient temperature in 3D printing and its
emotional value as a gift—the study proposes a novel gift
design: using photographs as a medium, the ambient
temperature for chocolate printing is set according to
“the temperature on a specific day in memory,” and the
environmental context from that day is incorporated into
the chocolate’s decoration. Finally, the photograph is
paired with the physical chocolate in digital form,
creating a hybrid gift that integrates the memory with
personalized sentimental value.
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2. Chocolate 3D printing at different temperatures

The material used in this study was 55% cocoa dark
chocolate. Preliminary tests showed that the optimal
temperature for the chocolate paste for 3D printing was
C. At this temperature, the
chocolate provides sufficient structural support while

approximately 28 °

maintaining an overall soft texture. In this study, we
used the Foodini food 3D printer [7]. To control the
ambient temperature during printing, the printer was
placed inside a temperature—controlled chamber, which
allows settings from 5° C to 35° C. A triangular
pyramid was selected as the printing model, since its
geometry enables clear observation of the chocolate
layering from above (Fig. 1).

The printing procedure was as follows. First, the
temperature—controlled chamber was set to the target
ambient temperature. The chocolate was then melted
and cooled to approximately 28 ° C before being loaded
into the printing capsule, with the capsule temperature
maintained at 28°° C on the Foodini printer to minimize
rapid temperature changes due to the environment.

A

Fig. 1. The triangular-pyramid model used for printing and the

top view of the printed result

At approximately 15 ° C, the chocolate cooled
relatively quickly, producing printed lines that were
sharp and well-defined (Fig. 2). Within the 25-30° C
range, the extruded chocolate was less affected by
ambient temperature. However, due to its soft texture,
the printed lines showed slight curvature (Fig. 3). At
around 35 ° C, the chocolate tended to melt after
extrusion, with insufficient layer—to—layer support,
leading to downward collapse and rounded lines (Fig. 4).

Fig. 2. The printing result at 15° C

Fig. 3. The printing result at 25 ° C

Fig. 4. The printing result at 35 ° C

3. Photographs and memories

There are many media that can trigger memories, but
in this study, we focus on photographs. First,
photographs are the easiest to share, serving both to
record personal memories and to share them with others.
[8]. The growing popularity of photo—centered social
media platforms further reinforces photographs as social
symbols that embody emotional connections and shared
experiences [9]. Moreover, research has shown that
events accompanied by photographs are remembered
more vividly and with greater emotional intensity than
those without [10].

4. The Hybrid Gift

The idea of hybrid gifting is to combine elements of
both physical and digital gifts to create new kinds of gift
experiences [11]. This approach merges the expressive
freedom of digital gifts with the ceremonial quality of
physical ones. Using a hybrid format, chocolate and
photographs can be effectively combined. Previous
studies also provide examples of chocolate in hybrid gifts.
In the hybrid gift designed by Jocelyn Spence et al. (Fig.
5), the physical component consisted of a mix of three
most popular chocolates from a chocolatier. The
packaging included a card containing a QR code, which
the recipient could scan to access a digital gift. The
digital gift could take any form—text, image, audio, or a
URL—and the giver could freely create and upload it [4].
In the hybrid gift designed by Rebecca Gibson et al. (Fig.
6), the physical gift included a set of four chocolates,
with the giver able to choose dark, milk, or white
chocolate. The packaging also included a card containing
a QR code that the recipient could scan to access a
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digital gift. The digital gift consisted of a photograph
uploaded by the giver that could evoke shared memories
between the giver and recipient [12].

Fig. 6. The hybrid gift desighed by Rebecca Gibson et al.

From these two cases, we observed a lack of
connection between physical and digital gifts. In existing
designs, even if the physical item were replaced, the
digital experience would remain largely unaffected.
Therefore, our proposal aims to strengthen the link
between the digital and physical components of the gift.

5. Our gift design proposal

In this study, the digital gift consisted of a
photograph accompanied by a message and contextual
details. The physical gift was 3D—printed chocolate, with
the printing temperature—low (15° C), medium (25°
C), or high (35° C)—set according to the day the photo
was taken. Givers could decorate the chocolate to
incorporate additional memory details. Each hybrid gift
included three chocolate pieces, each corresponding to
a photograph. The proposed gift-making process is as
follows:

Step 1: The giver uploads photos that hold shared
memories with the recipient.

Step 2: Based on the time and location each photo
was taken, we estimate the corresponding ambient
temperature and set the chocolate printing environment

accordingly.

Step 3: Once the chocolate is printed, the giver can
decorate its surface with powdered sugar or jam to freely
express additional contextual details—such as heavy rain
or intense sunlight (Fig. 7).

TTE——————

R

| S—

Fig. 7. The decorated chocolate

Step 4: Each piece of chocolate is then packaged
with a QR code linking to the corresponding digital
photo and contextual information, forming a hybrid gift
(Fig. 8 and Fig. 9).

Fig. 8. A QR code is affixed to the bottom of the chocolate
packaging box

Here's a specaal digd

Each piece of chocolate carries the
memory of a specific day.

May these chocolates take you back to relive
the memories of that day.

20221225 JSasebo

) 11°C Sunny
[ \T i e nitheo e viend o ]
e i e
[ R o el e
FehiEE eGmNE RE50Eh o1
e SRR o
night, the dazzling glow seems to
carry a different kind of meaning.

Fig. 9. The digital gift interface

Step 5: After delivery, we collect feedback from both
the giver and recipient to examine whether the
contextual information enhances the emotional value of
the gift and effectively evokes shared memories
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6. The Next Step

entire gift—making process and collect preliminary

Next, we plan to invite participants to experience the

feedback to refine and improve the design. We will then

conduct a workshop to examine how givers and

recipients perceive and experience the proposed gift

design. Meanwhile, we will continue experimenting with

chocolate 3D printing, adjusting printing parameters to

enhance

result  differentiation  across  ambient

temperatures and improve the consistency and stability

of repeated prints.
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Fabrication of Periodic Ceramic Cellular Structures Using Digital Fabrication and

Slip Casting Techniques
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[Abstract]

In this study, we fabricate periodic cellular structures in ceramic by using digital fabrication technologies and slip
casting, a ceramic technique. This is applicable to an eco-cooler that uses the latent heat of vaporization, and our ultimate
objective is to conduct evaluation experiments and make a product proposal. To date, we have produced the mucube and
have identified issues regarding shapes and methods suitable for slip casting. To create more complex structures, it is
necessary to explore slip-casting approaches other than plaster molds.

Keywords: Digital Fabrication, Ceramic, Periodic Cellular Structures, Pottery
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Fig.6. Slip casting in progress
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[Abstract]

LED decoration is widely used in spatial design, yet authoring spatiotemporal light patterns for physical hardware still
demands expert skills. While prompt-driven tools can synthesize effects, they typically treat LEDs as a 1D strip, ignoring
the host object’s 2D/3D layout and geometry. We present an interactive LED decoration system that leverages image-
generation Al to reflect this physical context. It instantly generates and maps lighting patterns based on user intent,
conforming to the actual LED placement and surface shape. This approach offers a novel experience, enabling dynamic

expressions adaptive to the surrounding environment and its users.
Keywords: LED Decoration, Generative Al, Context-Aware Design, ControlNet
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3-1. LED Calibration (Fig. 1. )
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Fig. 3. Decoration Results for different objects.
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Risk and Protection of Design Product
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[Abstract]

This paper is related to risks that may arise when producing designs as the external appearance of research subjects
and products in 4DFF, and how to protect the produced designs from imitation. It also proposes how researchers and
engineers can avoid or reduce such risks, and proposes systems for protecting the designs produced. The paper will also
introduce current discussions on the legal aspects of Al-based design research and production, which has seen remarkable
developments in recent years, and confirm the inherent risks. It is hoped that reducing and avoiding the risks of design
production and protecting designs will enable appropriate research and production and smooth business processes.
Keywords: design, copy right, imitation, infringement, industrial design, trademark
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Fig. 1. Copy right and Industrial Design [1]
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New Movements Opened by "Vibration x Flexibility" -- Design of a Four-Directional Soft Actuator

and the Possibilities of 4D Response
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[Abstract]

To solve the problem of changing direction that conventional vibrating soft robots have, we have achieved omnidirectional
movement (forward, backward, left, andright)by adjusting the movement of the robot's center of gravity and the drive
pattern of each vibrator, and have experimentally evaluated its movement speed and straightness. We can also expect 4D
responsiveness, in which the material and vibration interact with the environment. In the future, we will pursue a design
theory for autonomous movement that combines "material x vibration x design, " with a view to applying it to the
exploration of uneven ground such as rubble.

Keywords: soft robot, vibration, asymmetric friction
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Fig. 1. The principle of movement of the robot in this study
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.
=
:%TIE 3 [a
| 5

| R -1
SR T 7 7
™
30
50

a5 c1mm | 45 15mm [ 45 -20mm | 60 -10mm | 60 -15mm | 60 -20mm | 90° -10mm | 90° ‘1smm | 90" -20mm

B 45 45 45 60 60 60 90 90 90

1 15 2.0 1.0 15 20 1.0 1.5 20

c 6.11 6.11 6.11 5.95 5.95 5.95 5.80 5.80 5.80
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anglel® 1 thickness[mm] total distance error effective distance
e traveled[mm] distance[mm] ratiol %]
45 1.0 2003 142.6 0.60
45 15 180.1 67.9 0.92
45 2.0 158.7 87.2 0.80
60 1.0 106.8 75.7 0.62
60 15 2041 833 0.87
60 2.0 205.6 90.8 0.88
90 1.0 225 9.9 0.45
90 15 67.3 53.2 -0.56
90 2.0 45.4 19.1 0.31
Table. 1 Silicon robot measurement results
o total distance error effective distance
anglel” ] thickness(mm] traveled[mm] distance[mm] ratio[%]
45 1.0 96.5 36.8 0.87
45 15 788 65.9 0.41
45 2.0 713 528 0.30
60 1.0 167.4 1435 0.21
60 1.5 139.2 87.4 0.72
60 2.0 115.2 98.8 0.18
90 1.0 163.8 157.6 -0.12
90 15 152.11 1346 0.06
90 2.0 159.3 1236 0.30
Table. 2 TPU robot measurement results
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3D-Printed Facade Design and Construction for the Toilet “Mirage of the Island” at the Osaka—Kansai Expo

HiE & BR B, KX #F Bl B

Azusa TAZUMI, Ryo SUMI, Shoko IKEMOTO, Naoki TAGAWA
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[Abstract]

At the Osaka—Kansai Expo, Toilet 7 “Mirage of the Island” showcased the fabrication of transparent polycarbonate
panels using a large-scale 3D printer. Beyond cladding, the project investigated how texture and production constraints
could inform architectural expression through designer collaboration. The panels create a mirage-like facade that reflects,
transmits, and distorts the surrounding landscape. Prototypes produced during experimentation were re-pelletized and
reused as exterior benches, presenting a circular material cycle. This work demonstrates the architectural potential of 3D-

printed facade materials and their reuse as a practical model of sustainable social implementation.

Keywords: 3D printer, architecture, Osaka—Kansai Expo,
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Fig. 1. Completion Photo (by JUMPEI SUZUKI)
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Fig. 2. Cracking due to residual stress and layer misalignment
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Fig. 3. Part of the shape rules shared with the design team
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Fig. 4. A multifunctional component integrating the print base

with rainproofing performance
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Fig. 5. Composition of the 3D—printed panel

Fig. 6. Semi—transparent interior wall panel

(photograph on the right by JUMPEI SUZUKI)
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Fig. 7. Design model and generated toolpath for production

Fig. 8. Unexpected texture resulting from toolpath patterns.
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Fig. 9. Panel interference verification through AR
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Fig. 10. Full-scale mock—up for construction assessment
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Fig. 11. Detail of the lower joint in the mock—up
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Fig. 12. Bench constructed using re—pelletized material

(Photo by JUMPEI SUZUKI)

Fig. 13. Design incorporating elements of the architecture
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Development of Recycled Materials for Pellet-Based 3D Printers from Egg Packs

and Their Application in Local Community Circulation
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[Abstract]

This research aims to realize local resource circulation by developing recycled materials from plastic egg packs
collected from citizens, upcycling them into products used in the collection area, and returning them to the community.
Plastic egg packs are molded from A-PET film. Being made of a single material, relatively clean material, and frequently
disposed of from households for efficient collection, they hold promise as a stable resource. Furthermore, as a recycled
material, it possesses unique characteristics: a pink color and a silky texture. We design and manufacture public products
that leverage these properties. Using a pellet-based 3D printer enables small-scale product development and
manufacturing. By producing and returning products in quantities that precisely match the amount collected, we believe
we can achieve the ideal small, closed-loop cycle envisioned for regional resource circulation. Furthermore, since egg
packs are a resource frequently discarded by citizens, visualizing the local resource circulation system and fostering a
tangible sense of citizen participation is expected to contribute to the sustainability of local resource circulation. We
propose “Resource Crowdfunding,” where the return of these products to the community and the tangible sense of citizen
participation are treated as rewards.

Keywords: 3D printer, 3D printing material, recycling, recycled material
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Fig.1 Two types of Egg Packs
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Fig.2 Resource Crowdfunding Explained
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Fig.4 Strained egg packs and flaked egg packs
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Fig.5 A mixture of Durabio® and flake—shaped egg packs
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Fig.6 Three types of egg pack recycling materials
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Fig.7 Egg pack recycling material output sample
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Fig.8 Egg pack recycled material lampshade
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Fig.9 Egg pack recycled material Mini traffic cone
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3D TN BA—DBEHEZLD ANZH>TESSIZE?

How can we get more people to discover the appeal of 3D printers?

KIF X, WA F

Kenta NAGAI, Shu YAMAMOTO

EFRAER-BFFER
SEIGAKUIN JUNIOR & SENIOR HIGH SCHOOL

€:35)!

AREEIT, EHN3D TV Z—DWk 1HL<D N> THBITIL ? | LWV T—<=THh 2 | E40DEE (5
B 2 ) £TOH) 5 FEAA CEIIEB OB ChH D, HF v T A~ b= Tinkercad % V=4 FLIERL,
Fusion {245 USB 77— WU — VB 72 E DT — I ay 7 Rl FARNIMER 130 4 O/NRE ARSI,
ZHUCED ANEDOBLEEFERAMA R DLELIZ RO T AN ED KD IAMBERICLE TAEREE L,

F—J—K:3D T B—, D=0l avT, KB\, I, LS

[Abstract]

This practice is an activity the author has pursued for approximately five years, from seventh grade through the present
(eleventh grade), centered on the theme “How can we help more people discover the appeal of 3D printers?” Workshops
were held, including gachapon events, name tag creation using Tinkercad, and USB cable reel teaching materials created

with Fusion. Approximately 130 elementary, junior high, and high school students participated in total. This initiative

conveyed the joy and practicality of creation while also exploring its significance in fostering future talent for digital

manufacturing.

Keywords:3D printers, workshops, education, excitement, fun
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