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Thinking of Futuristic Windows “Window on the Future—Gaudi Meets 3D Printing”
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[ Exhibition ]

Since the advent of modern industrialization, windows have been standardized, mass-produced, and continually refined
to provide higher performance and functionality. While these developments enabled the creation of airy openings freed
from structural constraints, the universalization of glass curtain-wall skyscrapers, and the drastic improvement of
residential and office environments, the free and complex forms of the handcrafted windows fashioned by premodern
artisans have become ever rarer, replaced by the rectilinear injection- and extrusion-molded window systems that now
define the boundaries of most architectural spaces. Keeping true to our purpose, “We build a better society through
architectural products”, we at YKK AP are always thinking of ways to make new windows that can bring more freedom
and happiness to architecture and to people’s everyday lives. Realized through a special collaboration with Gaudi-
designed UNESCO World Heritage Sites such as Casa Batllo and Casa Mila, this exhibit, titled Window on the
Future—Gaudi Meets 3D Printing, showcases prototypes of novel 3D-printed windows which have been designed with
various forms and functions that resonate with the natural environment, taking inspiration from the free-form windows
of architect Antoni Gaudi and his spirit of cocreation. Through asking ourselves, “What would Gaudi have done with the
latest 3D printing technology?”, we have built on the inspired designs of the past to contemplate the future of windows.

AT S0 - T AR i (BEE R SRR BR B e R)

Academic Support and Text: Hiroya Tanaka (Professor, Keio University)

3D FY TaT Ll
What is 3d Printing?

MR UHLUE RIERELE HMFIBSE BaEsE

Material Extrusion Vat Photopolymerisation Material Jetting Binder Jetting

L — MERE®E $EE T L — T
Powder Bed Fusion Sheet Lamination Directed Energy Deposition

13D 7V T4 7 1LV FHEEIIIASHWGILTWD A, [ERZe4 FRlE Additive Manufacturing (AM: f154%) TH
5. FOEHRIXBD TFTNT —XE I, MEERG L CERWE R T2IMTE THY, HTRELT, RIEE
A 1£(Vat Photopolymerisation), #7EHE &5 (Material Jetting), & &A1& §12(Binder Jetting), ¥y AR IR AR A5
(Powder Bed Fusion), 3/ —M# &% (Sheet Lamination), £/ L H Li%5(Material Extrusion), 7= /L% —HEFE 1L
(Directed Energy Deposition) @ 7 DOMFEL TS, ZNENN, TITATF 7, &g, 27—k, BAR, Iy
7, WA, flh, MlaleE OFEMERE DN TN,

The term “3D printing” has come to be widely used, but the technical name for the technology is “additive manufacturing”
(AM). It is defined as “a manufacturing method for actualizing objects by combining materials based on 3D modeling
data”, and there currently exist seven methods of AM: vat photopolymerisation, material jetting, binder jetting, powder
bed fusion, sheet lamination, material extrusion, and directed energy deposition. Each is associated with specific materials,
such as plastic, metal, concrete, cement, ceramic, glass, food, and cells.
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This History of 3d Printing

Manufacturing

Fabrication

Prototype
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This technology, which emerged in the 1980s to 1990s for the purpose of enabling rapid prototyping in corporate
manufacturing, began to spread extensively when compact desktop machines became available around 2005. As a result,
it was adopted widely by not only companies but also individuals, and it became the driving force behind the “maker
movement” and citizen workshops, or “fab labs”, that were established in a variety of places. Yet, issues remained with
its printing speed, strength, and quality, and it was still mostly only used for fabrication by a particular demographic of
individuals and communities. However, these issues were gradually resolved by research and advancements during the
2010s, and the technology has now reached the point where final products can be directly manufactured. Unlike with
mass production, 3D printing allows products to be individually customized, and there exist examples of products being
sold in the footwear, automobile, and architecture industries by capitalizing on this characteristic.

3D TYUTFAVTIZBRHITAD¥E
Carrying On Gaudi’s Spirit Through 3d Printing

3D Printing Antoni Gaudi
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Over the past decade, 3D printers have expanded their potential through being coupled with three major elements. The
first is computational design. One can now directly give material form to computationally generated designs. The second
is new and composite materials. The greater variety of materials that are now compatible with 3D printers allows for a
wider range of expression. The third is open collaboration. It has become commonplace for people of different
backgrounds to build co-creative communities through working together on making things. As it happens, all three of
these elements can be connected to Gaudi. One of the roots of computational design lies in Gaudi’s inverted hanging
models, which he used for exploring the structural rationality of his designs. It is also a well-known fact that Gaudi gave
careful consideration to the materiality of his work in relation to light, shadows, and the surrounding environment, and
that he constantly collaborated with various people, such as artisans. One could thus say that Gaudi’s spirit is being carried
on through 3D printing as it continues to evolve day by day.

DTV TAV T ERE
3d Printing and Architecture
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3D printers are used in architecture in two ways: to print entire buildings (using materials such as concrete, earth, and
plastic) and to print parts of buildings (roofs, facades, partitions, etc.). Examples of printed buildings are often identifiable
by their rounded forms and curved surfaces. While these features can be attributed to operational constraints of large-
scale 3D printers that make right-angled corners difficult to form, one could alternatively consider this limitation as an
opportunity for forging new formal languages that depart from that of conventional formwork-based concrete construction.
Similarly, while 3D printed objects are marked with striations known as layer lines during the printing process, many
ideas have been devised in recent years to incorporate these marks into designs. Examples of printed building parts often
embody attempts to combine the power of computational design and new materials to produce new functions (e.g. acoustic
effects, ventilation, humidity control, light diffusion, etc.) that were impossible using conventional means, as is the case
with the windows of this exhibit.

3D TV T4V T NS 4D TYUTAv T~
From 3d Printing to 4d Printing

1D 2D 3D 4D

BAETAD TV T4 7 | 8D NNE S EIRAIEL TS, ZHUE, 3D U LD, 7o B DEREED AL
R FNF—EZIT T, BIREZEESEI-0EER 55D THD. HIOSWHETHIEIEREHDRNT, HODE
EERINCEZDZE )OS BT TIIHEREINTEY, ZNETO HEIESCeR Y O K97 T —4— | TEIKEE T 72
BERL AT, NU—Z/NEThH, EDRFF O CHEHZRELOBEOE L, BiEZ CTHBEIBMET2R8OE
TERE R FREL 72D . ZOBHEICERIIME AL, B MbZED R0, HIRICTH RN AR T2 D F
LVIERZERL CWDED7E. b L, BT 4 NBRICAEZTNED, ZOHINEE DO IITAIEICERVIAATLTZA)
2 SEIORERND, FTLWARB N ZESGT52LE TEHEA9.

Currently, there is a new field emerging called “4D printing”. It deals with making 3D-printed materials that transform or
move when subjected to environmental changes or energy input. Put differently, the field is exploring ways to make things
that can quietly transform without using electricity. While not as powerful compared to the motorized operations of
automobiles and robots, the technology enables things such as windows to transform delicately, organically, and
beautifully like flower petals or open and close automatically based on the temperature, all without the aid of electric
power. It looks to forge a new path for realizing a future that is harmonious with nature while reducing energy use. If
Gaudi were alive today, how would he have incorporated this technology into his work? This exhibit offers ideas of what
he may have created.
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IN-03
BA#) 3DP ZiFRALI-TILARET A XHiE
- 3DP ICKDREEEMN BT E2HLNEE -
Japan's first fully customized manufacturing by 3D Printing Technology
-A noble value by 3D Printing mass customization-
mE F—
Yoichiro KOGA
# X &4t 3D Printing Corporation
3D Printing Corporation Co., Ltd.,
(E#]

3D TV RNDE A FER N AR A R N BEE THDHIEN S DIND— T DAXTAXEHE N DWDDH <A
AR AP =L a IR BN E 5t AT REZR R Tl oz, AW AZ v AP —a LV BT LWRIES 27 0%
ZIFANDINI Y T TAT =— " ISR AREATZ o 7= Z LRI TdHh -7z, 3D Printing Corporation (3DPC)iL 3D Uk
A oiE AR U= AR 7 s TR OFAEZICLY, "R E I AS < AT DT NI AL~ A X GO &
PEALICHR T LTz, TNV AR~ A R DO BPEIT R TOH AL ~— T — R F TVl Th RS~ A X bt fild
eV HEFE W 2 F2 957210 T e LV E N TR B R O SELS | L, TRE O T VXL
{LIZR L TV, KTl BAWYID 3D FV b~ AH AL <A Y —a R LT CRBR L7 ARE S EER O %)
RizoW T T 5.
F—J—F:3D, hRATAREE, YRARATAE—ay, DX(T ORISR TH—A—3Y), BETEKE

[Abstract]

While it is said that 3D printing is an effective manufacturing method for small-lot production and customization,
customized mass production, so-called mass customization, has not been an economically sustainable means. The cause
was that the supply chain was immature to accept the new manufacturing system called mass customization. 3D Printing
Corporation (3DPC) has succeeded in mass-producing fully customized products that customize the entire product by
radically restructuring the manufacturing process on the premise of utilizing 3D printing technology. Mass production of
fully customized products not only provides unparalleled product value of providing customized products to all customers
at a reasonable price, but also provides better economic efficiency, shorter delivery time, and better process control with
digital transformation. We report on the issues and actual effects experienced while achieving Japan's first 3D print mass
customization.

Keywords: 3D, customized manufacturing, mass customization, DX (digital transformation), manufacturing process
consolidation
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OP-01

JH A JLARER DY T7 D= D
3D T RERETEHASL AEDIRET

Proporsal of design and assembly methods for recyclable 3D-printed footwear

1BE BX RF &40, BEH ME’ BEF BXC | kF | B A

Tsuneo Masuda!, Yoshihiro Asano', Tomoki Miyata?, Masahiro Okuno®, Emu Masuyama', Hiroya Tanaka'

'BIERBEKRE, “#HA R4t ORPHE, *SEEIH/A =4t
'Keio University, 2ORPHE Inc., *Rapithela Corporation
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DI T T IO SR | EES 5 5 O A BRI EMRETT 5 TREZEC TH—OMEHL (£ /~7U7 V)
ZRBILMANICBERIRE 2 H T2 81230 Eb 2ol Z b ML T T U T A A7 V35288
TEH7/ L IR LT AL T, DO —H O TREEFEEFAIN L, FEZEEIZV A7V L THZ VM DEBRORE R
W 5. 2SI A ,3D TV H LERRLE AR N RIS O o ZRIC Lo C ARG BRI L 2 2T 50—
Bhb7en rREME A iR T 5.

F—J—FK: 3D, FGF JHYA )L, Iyt z7, BERBE, E/XTUTIL

[Abstract]

Until now, footwear products have been assembled by sewing and gluing many different parts made of various
materials, and have not been designed in an environmentally friendly way that takes material recycling into
consideration. The 3D printed footwear we created this time is made of a single material (monomaterial) through a
process we call "product refinement," in which the entire composition of the parts is reexamined, and by using
ultrasonic welding for assembly, the product can be crushed and recycled when it is no longer used. The product can be
crushed and recycled when it is no longer used. In this study, we will introduce the series of innovations and processes,
and also report the results of the actual recycling and reprinting experiments. In this way, we discuss the possibility that
the 3D printer and eco-friendly design will be linked in a higher order in the future, thereby helping to realize a

resource-recycling society.

Keywords: 3D, FGF, recycle, footwear, ultrasonic welding, mono material

1. FFi

3D TV O M EicX R OY 2 — XA
—ZEoT3D FVrbya—R0 [ ZBA%E - BGESH TS
P, B T OeRE PR (SLA S520-DLS /720,550 &
ByRIE (SLS 730 . ML T HEII ek D5 - il 7 m
TAPREHEINTEY,~ TV T NI A7 VT,

HEEEET, 2020 AEICHEFE LI VCAMY LELI-a©
TR T 1 R - AR O SRR AL R G T O 7
VT2 T HHIVELTZN, 7 4 MEDMEL . B O TIZ56E
LCWeoTz, R TIE, €/ T —H-~T U T LVOTE
BRETIVEREZITWVARND, IVEOE W Ty 7
PG BR A OFEBEIZ OV TO A REME Z 52T 5.
W, BV AT IR AR L R L CER 950 v R
3D VA DI EE ARG LTI, UL DOWFEI TOREO4 I
iz C.FGF (fused granular fabrication) &5,

o
i

:::::

1. VCAM OfERETIL

-13 -

2. avtTk

RKZob=2T7DOHMIT, AR EB P E2— 1
(ORPHE CORE, ORPHE #1:#) ZWNjL, H % EIER
W (REE) OV — 2 THRIT, 0\ 2T — 2%
5 RAT D2 THD. WHEAAITREO PRI Z
CIE B (RES) FFICHE A TE2 018, MR DJE
B2, Lo DA THZRE T2 THOISIET, o E
D THOBLT 7T oo ME,~T U7 ALY A 71
HOBRBERLUERRFH R L ISR F A E RS TNA.
FNHDOERE N e S DH, 7y Ny = THERE % S fiF
U, ERERE RN ANL CTH T X Nk | &
CEE 50 205 100 A5 © THERRS D BB AL 6 LA
WL, E/~T VT Ve85 A - b2 L7V
FEZRESEL, 3D A¥ v —TRET — X5 LIE
NiZEbE et aiEd, 2 — P~ H 06Tl
T2H3D TV AHEFEHL, 72 A X7 =T 7 =T %
E95.

W, A7V =T F =273 —7 @0 E5H 1Y D
10 4 DBIMNE Z R RIGH G- HES =L O TH 5.



3.

4

Conference on 4D and Functional Fabrication 2021

2. F0FIBERICEBESREIR
aHRI-ERET AR
® 3D RF¥FvUIckBBEEA
3D Ay AL T Raspberry pi 3b+:32set,
USB Camera:124set,Projector:4set,Hub 3set T
fRE4L, Metashape® Zf# LT 124 1L
DR ED 3D T F A ZHIfEL.stl 7 7 A /L H
St

3. D RFYUEBELRF VYO T—4
@ Ik TEEGN R
BER stl Z7AND35,3D EF F7— (Rhinoceros) &
ERLCTT VXV ARRGIEL, MGG O FMED
HREEDN N TR LE, T v S —TEIR,
TN — VR A I ER IS TS fE L stl &7
AN THIILE. A2V —LIZDWT
1%,4DFF2020 TR £ 2oz bfishizot
w8 eLabo AV —/L 101 2 fHLT-.

e
i~

X 4. DvbkHx7 3D ETILEE RO R

CBUETRE

® ##
BHO T AN TRl E T hE L | Ji il
55 M LM B R (T4 L7 XPA-9040X1© 247 7
L.

@ 3D FYvk
EATEVERI IR Lo ML L CEE 35 FGF

-14 -

. 3D FV# GEM5500D7 ZAdi L 7=, () R
1 mm, A7 A A>T 0.5mm, A7 A Y —Curad.6.1)

TA®SIE, [WUA—D—#L FGF AR 3D 7Y
VHTETAN Ly el I 3D U, #E
EHL,, L= TAROER W EHITEL T,

5. RSARF—4&E 3D TYb
@ HERBEHK®

EBE VA O — R 7R A I ORIL, =¥
— X AL RTINS SR VRR L CEE T 5.1
DL, TT AN DI LD OTE B IZITE L
TV, 6.& 7. 1%.2mm O BB GO
(XPA-9040X1) & 2 7 AT B I A5 L, 5| iR AT
STRERTHD AW HZ L3 5 &, AR MR
— U U785 W 0 BT L2 — o e i o3
BVVIAA TSRV RS IR A3 8 B & C IR 230 = i
IR B L TWDIEROND RS I, A7 ay o
IR CIEAR Y MO R — 2 95,

6. ARYIR—2 ETTYNYR—D ERBENE

R—> Type mASIERFTE (N)
Rk 306.4
Tk 161.86

7. AR—2 B D 75 SRR M S BR LE 8% (B3 N)
@ BEERSISREERER
TR LT 150 X 25 X 2mm MR D 7 A28 %
T 3 R VR, B sRoEE R ER A S e L 7. [FE e
FINEATIENEARZ 2 AL 400%2L EARONTH A
Wrizawas, ()8 7 cE il NIk Ko ER &
318N (120% ) THEKrL7=.

BEARIZEE

BEAMIZFET

: 5 : EHfyOX 23

8. TULLARERT . S ERREET AR




Conference on 4D and Functional Fabrication 2021

500
450
400
350
300
250
200
150
100

o0 M) | —— B

0

0 100 200 300
9. BISREERER (VT ILH5)

VR A AT R B B BRI X AR MR — 2 2 4T,
) 25W TN, a5 S 7 o 2 3R oD e K5 |5
iEE 346.2N (64% K ke) 23, [F&IE 7 I FEE ] D
KGR E 318N KD KXW RGO E
WIREMIZ IS XPA-9040X1 DA e T
H5.

10. RER K LBI3REERSRY

400
350 |- @

300 | &

250
200
150
100
50
0

— XPA-9040X1 .
0" mm)

0 5 10 15 20

11, 7R AR RS T 5 AR A BR
WAENEZ AL SR L - BIIE O S ST A~ D
IR LA SELT L AREL T A HNICAY
Y ERRIF D EREAT ST T A HUTRA L, A BT
ITHARE LT

12 FOME GEERT B )
® H5—it

XPA-9040X1 XL v MIEH, 17— kD= Iz
PP O~AX— Rk K 5% (EE) M2 ThT—
LTz~ A — Ry P O EEIIL A — O E &

EATAY—THHLED-. FAEET 3D TV 4D
R/ R—=FINZ A LUT=DS, DB E XS0 | B
BOLETHD.

-

&

13. RLwkEAS—IELIzT UM
® fHtEiFIEE

Ay T FAMUEZMZHZET, X ok
IRLAIESHHA, iz i 2L T

15. R LI-7vkzT

5. UV AN w ol

REN e T= B, BRI 3 y AL v ho =
T AV R TR T 5.8kg DRIIE~SL - Ml
U7z, B2 D O 2 die L CH L H 9 B lc s
S DIRE DU A TNy O 1T R R,
P TR CEZETHNERWERET 20350,V
TNy Nl 3 AHIER O S EIZ BT L8N
LD,

16. UHA 2Ry rEETO—
6. VYAV ytDmE 5

Helen"” 73 PET RN UIkHE, FGE A 3D 7'V 2Tk
B iR, 5 BRBR EEBRBRIZ L0, U A 7 V<L R
BEAHIL Tha.

s B R FABRIE B LU Chl R ERRBRIZINA MFR
TUE B8 5 s A R TR & FE e L7 A L7277
=7 EA IS 3 4 A LR o7 Ted s RE
RIREDHAGIT R B2 o7,



Conference on 4D and Functional Fabrication 2021

M MFR BIERE
XPA-9040X1 22.073 190°C
XPA-9040X1+& B} 13.999 170°C
+PP HE XLk 11.806 170°C
+PP BEFERZUAL YL 11.346 170°C
17. MFR(g/10min)D Z 1t
600
500 5
i
400 =
300
4 — XPA-9040X1
200 | PP(FH) U <L v k
—PP(19)
0 i O(mm)

0 50 100 150 200 Z0U suV

18. BIARIMEAERILER
——XPA-9040X1

——XPA-9040X1+PP (19)

—— XPA-9040X1+PP (&)
: U~L vy b
——XPA-9040X1+PP (¥ - %)
fFHR%BY XLy b

I O'mm)

0 5 10 15 20
19. #BERIAE BRAK BT A BR (25W)
9. UHAO N T)T7IVEFERLI-HER

I AN ~T VT VAL HHIESIE B H B /Y
IZE DR THRMEBIORA HEEZREL,E DA%
FLERT DB — T — XA, LV b A D
T2RFED T v " =T ZHHES 25613, F BB O 7
THIWETDZENEELVD, FHAEM DO CTRIED T >
N7 =7 ZHET 2RI B ST DN H 5.
10. #5:R

Ty =T a7 NREA @ B AT E
U, S RFHD DB SNy hETO TR 1 A7
B9 Z&T, TR LR REF T RREE 558N
TETIBE IR AEREIL,3D 7V 2O & & LT,
BRETBCRE R ST 2D D70 D H7ei8 Th 5.

Fi= VAN D SR 7L LT MER
TUTE « 5 5R 0 BE - I T A SR ekl 2 St L 7273,
F— A RIE TR TIEL L Tl L TOD 0¥ T

DT A BITFF 2L MoK S,
YA 7 B L e HE g R & B0 A7 3 SR
EREl T TS E R H5.

PRIV TR, A NI 7 I TRBEWL LN, U
B TR o T KRB O PR - s A S L, A
ELIEEICT RETHD.

ATV B T,3D SV X LB R R B
EREODOUT,1 APV EIT BRI ZOF WIS
FCETZN, KV @RS G IR E B Ak A S
DITVEFFHIAE S o036 FH P 23 EEIRNIC AR R L TV A,
U A7 N EFO T fli iz A8 e L, Brsips Bl ol
B HREZRD | MBI B IEE BA D 72 3 FHE
e Rl M QAN SRSV = NI R A

11, B

K7L, JST-COIN Rt &5 2 L BIE R kL,
IR E ORBEMEAIEIRT 27 77 MBS A LR
(JPMJCE1314) | D ARE ST T2b D THS.

SEXHE
1. ADIDAS 4d-shoes
https://www.adidas.com/us/4d-shoes
2. 2020 BEEF IR COl 77 7 HERHE S AEHLS
Value—generating Circular Additive Manufacturing
[A~—NERTTE DT D 3D TV T 47 |
3. WM WL (72 A) | 2009, TS T2 165
5 No.5 [ AR = 20— XD ELRIERE L FH 24 |
4. ~BNTIRL ETED |20 T — 2 TS A7
DA~
https://www.city.kamakura.kanagawa.jp/smartcity
/event.html
. Agisoft #:# photogrammetry
6. L MKE—(SR, 7E€7),4DFF2020,3D 7 V4 L4
Btz 88 icmir T
7. SRS (R ELE) 2010, 7 T AT v/ m— ]
56 & TP, =TI AN~ —, ZDEHTHAN LIS R B
RUTIRTT AR~ — (UBESTA XPA)
8. A IAR#E FGF X 3D V% GEM5500D

. Soya Eguchi ,Morphing Design for Socially
interactive Autonomous Car by Multi Material
3D-Printing, CHI 2019 Posters, Glasgow, UK

10. K59 & U 5 IS E 1 Sonopet 446D/ G(39MHz)

1. &1#a, BN FEETTAF v 7 HEA

it 1,89P,2005, T 3R A 2
12. A—=T LB A V-360
13. BT IAF > 7t VAO-NSTT LY ~L vk
B

14. Helen A. Little, MDPI materials, 2020, Towards

Distributed Recycling with Additive manufacturing

of PET Flake Feedstocks

(@]

©



Conference on 4D and Functional Fabrication 2021

OP-02
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Design and Manufacturing of Chairs and Benches Using Large-Scale 3D Printing Technology
with Recycled Plastic Materials
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Emu Masuyama!, Tomohiro Oogi? Hiroya Tanaka'
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! Keio University, 2 Tokyo Eco Recycle Co., Ltd.
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[Abstract]

Nowadays, there is a growing expectation that giving new value to recycled materials by 3D printing could be a
technology to promote a circular economy. In this research, we focused on recycled plastic as a material to manufacture
chairs and benches using a large -scale 3D printer, and practically explore its potential. Using polypropylene recycled
from collected waste home appliances, we conducted print tests to make it possible to output with a 3D printer while
considering the material properties, and calibration of the machine’s setting for 3D print output. We explored finding
design constraints using large-scale 3D printing technology, designing and making the concept of chairs and benches,
and ensuring structural durability on the design through try and error. By synthesizing the above, the possibility of
combining recycling and large 3D printers in the future is described.

Keywords: large-scale 3D printing, recycle, waste plastic,
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New Potential of 3D Printed Products : Making Use of the Marine-biodegradable Plastic
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[Abstract]

Biodegradable plastics are plastics which can be decomposed by the action of micro-organisms into water and
carbon dioxide under specified conditions such as compost, soil and the ocean. This research proposes the new valuable
ways of Marine-biodegradable plastic products through making maximum use of both 3D printing technology and the
characteristics of the material. We explore the Marine-biodegradable plastic’s potential of providing us with additional
valued products which is beyond the existing idea using these as just an alternative to fossil-based plastic. In addition to
the systematic classification of bioplastic products, researches of present situation of the ocean, directions of prototypes
and prospects of the future are also shown.

Keywords: 3Dprinter, Bioplastic, Biodegradable, Marine-biodegradable, SDGs
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[Abstract]

This research proposes a new design and fabrication approach for ink jet (IJ) printing applications. This report
proposes and demonstrates how we can optimize general designs of customized 1J print heads for each own
application(and each own ink material characteristic) and how easily we can digital-fabricate 1J print heads by using
common 3D printers and digital software tools. For niche applications, the approach is suitable than the ordinary process,
in which mass-produced 1J print heads are supposed to be used and adjustments of ink properties will be needed.
Keywords:3D, inkjet, print-head, 3D printer, 3D-surface, decorative print
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[Abstract]

In additive manufacturing, the mechanical properties of materials play a vital role in designing and optimizing
structures. We propose an acoustic calibration method for obtaining the material constitutive model by modal sound. It
introduces the role of the material constitutive model in additive manufacturing, analyzes the relationship between the
material constitutive model and modal sound, and proposes an optimization method of regressing the material constitutive
model through modal sound. This method is helpful to realize the rapid evaluation of material properties without using
complex instruments to improve the final design quality of products.

Keywords:3D printing, constitutive model, modal sound

1. Introduction printed materials [1], like the MBB beam (i.e., a supported
The development of additive manufacturing

technology has triggered personal manufacturing and led external force

to rapid prototyping and structural optimization design.

Through 3D printing, individual users can enrich their

living space with personalized structures; companies can

achieve rapid design iterations to considerably shorten the

product design cycle. With the continuous evolution of 3D
printing structures from ornaments to functional parts,
users have put forward higher requirements for structures’ sepl

mechanical performance, such as load-bearing and

vibration.
Introducing material constitutive models in the design
process meets these growing demands. The material step10

constitutive model describes the material's mechanical
response under load by numerically correlating stress and
strain. This relationship is of great significance for the

design of parts with mechanical erformance
g P P step30

requirements. After obtaining the material constitutive

model, users can choose materials that are more in line

1] 10 20 30 40 50

Figure 1. Optimization of 2D MBB beam. With the material

with product characteristics, or they can significantly
improve the performance of materials by optimizing the

. . . . . constitutive model, the structure is generated with stronger
structure design without increasing the consumption of

-29-
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loading performance and lower weight after iterations.
beam which removes material to perform weight
reduction while maintaining low compliance) [2] as
shown in Figure 1.

Previously, it was difficult to obtain the constitutive
model of 3D printing materials. Most 3D printed material
documents do not contain the corresponding constitutive
model, and the traditional constitutive model calibration
method requires complex experimental equipment and
operations, such as using amplified audio and laser to
force and record the material’s vibration [3] or use fixtures
and machine tools to conduct groups of material
deformation experiments [4]. In order to enable individual
users to measure material properties easily, this research
proposes a user-friendly acoustic calibration method that
regresses the constitutive model of the material based on
the modal sound of the 3D printed sample.

2. Acoustic Calibration Method

In this section, we first introduced the application of
the constitutive model in structural design, followed by
the calculation of modal sound through the constitutive
model. Finally, we proposed the method of using modal
sound to regress the material constitutive model.
the
relationship between stress and strain. In practice, the

The material constitutive model describes

constitutive model ¢ is a 6 X 6 matrix of material
constants [5], which includes normal and shear stress-
strain relationships o = ce, as shown in equation 2.1.

[O—xx] Exx
0. &
yy C11 Cie6 vy

(P . . €42

= : : 2.1)

Oyz c c Vyz

Oxz 61 661 | Yaz

Oxy Vxy

When there is a precise demand for the force feedback
of the structure, we need a more accurate constitutive
model to complete the optimal design. For example, when
designing the supporting flange of a shelf, we need a
constitutive model to ensure that the structure looks
elegant while having sufficient load-bearing capacity.
Besides, when the structure is embedded in a more
complex system, the constitutive model can be used to
calculates and adjusts the natural frequency of the
structure to avoid resonance. For example, in vehicle
design, there are requirements of high NVH performance
(noise, voice harshness), and structures’ frequency design
is of great importance.

In order to observe such stress-strain relationship to
calibrate the material constitutive model, the conventional
method deforms the material to observe the stress-strain
relationship. However, the individual user does not have
such experimental equipment. Therefore, we consider

-30-

using modal analysis (to be more specific, modal sound)
to observe loaded material's stress and strain relationship.

External force ¥
Constraint ®

Recorded sound
Modal sound

modal analysis

Constitutive model

minimize (Recorded sound © Modal sound) (c)

Figure 2. The proposed acoustic calibration scheme of the
material constitutive model. (a) The 3D printed structure for
calibration. The red arrow is the external force, and the blue
dots are constraints. (b) The vibrated structure under a
particular mode. (c) The constitutive model calibration
process, which aims to minimize the difference between

simulated and recorded sound.

Modal analysis is widely applied for measuring
structural vibration in aerospace, vehicles, ships, and
electrical appliances. Engineers often conduct finite
element analysis according to the structure's CAD model
and material parameters to obtain the computational
modal. They then use the exciter to knock the vibration
sensor attached to the structure's surface to obtain the
experimental modal. The experimentally measured modal
is also helpful to calibrate the material parameters.
However, it is essential for individual users who cannot
access industrial equipment to measure structural
vibration more straightforwardly. Therefore, we propose a
method to measure vibration using sound, which only
needs a microphone.

The modal sound is closely related to the constitutive
model of the material. Derivation from the constitutive
model to modal sound can be divided into two parts. The
first part is the vibration process. That is, the object
produces modal vibration under external force. For linear
systems, this vibration can be decoupled into N
orthogonal single-degree-of-freedom vibration,
corresponding to the N modes of the system. The second
part is the acoustic transfer process, that is, the vibration
ofthe object surface excites the surrounding air to produce
a sound pressure change, and such sound pressure change
will eventually radiate to our ears or the microphone and
become the sound we perceive. During this process, the
material constitutive model determines the vibration
frequency of each mode, thereby determining the final

tone of the sound. The force, constraints of the structure,
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and the acoustic transfer process can be understood
numerically as a filter for each modal frequency, which
determines the amplitude of each sound frequency. In the
experimental scenario of this article, amplitude change
caused by acoustic transfer is tinier, so it is not considered
in the modal sound simulation process.

Through finite element analysis, we can establish the
relationship between the constitutive model and the
vibration. Using the constitutive model ¢ and the
structure shape, the element stiffness matrix k., can be
assembled, as shown in equation 2.2.

k. = [BTcBdV = V.[BTcB] 2.2)

Here k. is the element stiffness matrix, ¢ is the
constitutive model. V, is the element volume, and B is
the strain matrix. These parameters depend on the finite
element method. With K., we can assemble the structure
stiffness matrix K. The mass matrix M is generated in a
similar way with material density and the structure shape.

Therefore, solving the structure modal vibration
becomes a generalized eigenvalues problem, which is

KU = MUS (2.3)

The solution consists of eigenvalue w = +/S/2m and
eigenvector U. Eigenvalue w is used to calculate the
frequency of each mode, and eigenvector U represents
the displacement of each node of the finite element under
free vibration. Combined with the known external force
and constraint, we can finally calculate the modal
vibration of the structure as the weighted sum of each
modal frequency and amplitude product [6].

Therefore, we associate the material constitutive
model with modal sound. For ease of understanding, we
can regard the modal sound as the dependent variable y;
external force and constraint as

structure  shape,

independent variable x . The constitutive model
participates in the connection between the independent
variable x and the dependent variable y as y = f(c, x).
With groups of paired (x,y), we can optimize the best
constitutive model to minimize the difference between the
simulated and real modal sound. The whole calibration
process is illustrated in Figure 2.

We use a conventional microphone to record the modal
sound of sample parts printed with nylon material using
the Fused Deposition Modeling (FDM) 3D printer
(Ultimaker3). We initialize the material with orthotropic
conditions based on Young’s modulus and Poisson ratio.
During the experiment, we obtain multiple groups of data
with different shapes and knocking positions. Specifically,
we apply modal frequency with the highest amplitude
difference as features to regress and estimate results. The
experimental results are shown in Figure 3, where red
lines show the feature frequency computed from the

uncalibrated constitutive model, and blue lines show the
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feature frequency with the calibrated constitutive model,
demonstrating a higher frequency than experimental
results. It shows that calibrated constitutive model fits
better to the ground-truth experimental results.

Speciometer

Spectrometer

ﬁ v

w04

o0 w00 oo 10000 Lo 1A

[y

(a) (b)

Figure 3. Modal sound of two FDM 3d printed parts with
different thickness, where (a) 6mm, (b) 4mm. Each part is
knocked S times in case of operation error. Red and vertical
lines demonstrate feature modal frequencies before and after

constitutive model calibration.

3. Conclusion

The acoustic calibration of the material constitutive
model proposed in this paper provides a convenient and
low-cost method to figure out 3D printing material
mechanical property for individual users and studios. This
constitutive model will allow user for better material
selection, optimized structure design, and improve
mechanical performance.
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[Abstract]

This study explores the possibility of utilizing Japan's warm and humid climate in the field of architectural-scale 3D
printing using soil materials. Looking at the distribution of precedents in this field worldwide, most of them are located
in arid regions. This is partly due to the fact that a humid climate is disadvantageous in terms of the drying rate of
materials, but on the other hand, it is a favorable condition for fostering a variety of ecosystems. Focusing on this point,
I created a socio-environmental sculpture that combines soil and moss. The sculpture consists of folds of red clay, rice
husks, and moss on the surface, and is designed inside and out to maximize the environmental characteristics of the
moss. The interior is filled with soil collected from the forest, and by installing this sculpture in an urban space, we
attempted to transplant the latent state of the forest into the city. This series of projects is called "Bio Sculpture", and the
following is an overview of the two exhibitions that have been held so far.

Keywords: architectural scale, material, soil, moss, urban
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Design of curved-surface by bistable Kirigami

S RETR ' B AR
Ryuya Toyoka!, Tomohiro Tachi'

'RRERKE
"University of Tokyo

[Z#9]
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[Abstract]

Kirigami has been focused as a 4Dfabrication method for curved surfaces because of its property of deforming to
curved surface deformation from flat sheet. In particular, the Kirigami patterns containing bistable structures allows the
shape to be stable without fixing the boundaries. On the other hand, it is essential to control the amount of strain in the
component that generates the bistability because of weakness about keeping the out-of-plane stiffness and developing
unintended stable states. We propose a new design method to construct a given surface with a Kirigami pattern containing
bistable structures. Especially, we make it possible to design the amount of strain in advance by using a structure with a
bar to sheer-deforming slit.

Keywords: Bistable, Kirigami, Conformal mapping, laser cutting
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Playing music with a 3D printer manipulated by eye tracking application
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Y. Kuroki, K. Watanabe, “Application of Functgraph and consideration of function generation”, Conference on 4D
and Functional Fabrication 2020, OP-10 (2020), pp.37-40
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[Abstract]

Our research team is developing a 3D printer "GelPiPer". This task aims to lower the hurdles for introducing gel printers
by presenting the skills of gel modeling experts in a manual. Therefore, in this research, we use the eye tracking installed
in HoloLens 2 to extract where the beginners and experts of GelPiPer operation are watching when operating "GelPiPer".
Make a flow chart manual of the operation method that you heard. Similarly, show the subjective and objective operation
videos of the expert. Find common items and differences from the difference in accuracy, viewpoint, operation time,
questionnaire result of the subject's modeled object. In result , common items and differences were found. Based on the
analysis results of the experiment, a better manual will be created.

Keywords:3D, 3D printer, eye tracking, flow chart
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A haptic cognition model emerged from different polymer materials
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[Abstract]

The human oral structure can be regarded as a group of haptic sensors with different physical properties such as teeth,
gums, and tongue. When an object enters our oral cavity, we can recognize what kind of texture the object has from
various data based on the sensing of the teeth and tongue. This study develops an end-effector that mimics the structure
of the oral cavity using a composite of modeling materials made of polymers with different physical properties. Each
polymeric object is attached with a piezoelectric sensor, and we apply a clustering algorithm to the signals obtained from
chewing experiments to verify whether superior object recognition can be achieved.

Keywords: polymer materials, soft robot, sensing, machine learning
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TR ET ANT —H D20 ET 5. 2.2 ok
YT HEDBEDNDT —HEOFIPHIL-2048~2047 T
HDHT, B R 23 LW IER b LB A
MEL, —1~+1 OHFIFH TRELL T5.

32 NEFERF

FEBMELTMIEY R — o4 —< v (BE
SVM), K T8, 902 A7+ ARO3FEA UK
BRI S, ZnbIdA—7 Y — 2D Python I
WFE T A7 YT D scikit-learn |ZEIEF - DOE D%
EHTD. FEEBONAIR—=RG A= DT 2 —=2 T
W2 K D EIAZERGEEE 7y R —F % V5.

3.2.1 #&#z SVM

1960 FERNBAFET D3RR E O R REZ AR
HBEF LOIFETHY, 20077 AMICEEH L/ 5HHE
P OV AR (BB 2RI THlEETTH. 2ok
X, REB ULV R Z AR — Ry X2 — LR,
ZORERER R ETCOERE~—T LS. LT
B SVM 1320~ —2 0 ik Kb $555%% 8 455
HPETHS.

3.2.2 KEfE%

IFZZHBIRAOFIED 1 FETHY, F8 T —2 5~y
MVZER B By L TR E, REOT —ZR3 &5
7eb, ZZBHEBE T WIEIEE O KEE2 RS T%
BT —ENBTHITAEHET L0 ETFIETH
D.

3.2.3 Random Forest

BEL DR R T VB DI TR
T NEEST DT Y TN EEDAX L T e —
AT, DL T DRRLIENR, BB T AN Erz ARDA
EDOIHNTHI L THIW AR HED TOSET L) Z7KS
IWEDT-HEDTHD. PERBLTITRFE LT
VIR BRI T HFIETHHS.

3.3 HEERER

3.1 I TRARZEIACER Y U RICEEE AL
T, SHOBEAONENAIETHINERET 5.
Fig. 3 \ZRZEMRAETT — &5 EILIZBROFE 7 —
A ONYEfRZEO M2 7
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Validation Acc. {cv=5, FFT)

SVM

Random Forest
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K Neighbors

b T T T T T
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Fig. 3 EFHEDFHIEME

WIZT VR —F LR ZRREE L THEERIED
INAIN—=RTG A= R RDT-1%, 8T —XE69THET
ANHIZ25%, FIFEAIZFRYD75%% 53 B L o
BEED. 20%, BEFILOEMBRORRERS
ITFNCEED, b—h~o A IZAfELT-b D% Fig.d 12
AT ZAUEHER AN EAR O T L THY, HHlh A E
PHEXHEINTZTROTXVTHD. %4 OENAEIT
SN TZT ANT — X ORREFTHD. B ITRTRIZT
RDIREATHNE AT, B8 O FEIE I d 7=
AIEfiE R (Accuracy ) , 1 & =8 (Precision) , B 8%
(Recall) , F fE (F-measure) #7282 LI EL D T
Tabel.1 |27,
34 MBI LD EREED LLIREER

Lt (PLA), T S Va—r), HHV)D 3 Db
BASSNOE R EM A G b COEPEEITo7-. &
DORFHEL NI IR U IR CHENLT S E7220,
BoNHE—27EL R0 %, AR LSRR Tk
BEDE G TR Y, BARDEH O IEORE )
OUMATRIR N A RE THAME IO T A A HIE
L T4, 22 TC32DFFEHWELEEE1 DO R
7205 % N2 3B O S35 TE fif 2R Mo OV YE(R 75 % EL il
T 5720, Table.2 IZZNHEFED TRT. MAT, [
UMiEZIEER - PLA, S Va—rBIOVL0G
BONDW LA 4 Fig. 5 ITRT.
4. B

Table.1 <> Fig. 3 OF5HEND, T X CTOFEELRITT
95% LA LD EfRREFLNDIENDND. ZHULE R
77—V (FFT) 728 C/ARBR EH A& T 722
ERRERGEE W CET VO E 2R L=k
BELRL CWBEHERICTED. LTz -> T, KriRvh=
T AD B BHZ L R S 74 B 1 O fil B T bk
FEROT NIV LERTHIETEIGEICEBRTED
ZLERBL TV, [FEEIC Table.2 X° Fig.d & [15E,
FfRER, WA R, HHE, F {E42 Random Forest LA
A 100%% H L THY, Random Forest & 99% & FE w12
EVEZHL TV, 265507 )y R —F L A2 = MRGE
EPERLIZON T TAA R NI RA—EF == T
(ToloZ e TR EZ# R ESEAZENARETHHD
EHLHABNT Ao TWA. IRICHEEERICOWTIE, &
Va—>® K ITEERED IEARRD 0.2%FEEE, STEAFHL A
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Confusion matrix, without normalization(SVM)
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Confusion matrix, without normalization{KNN)
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chocolate bar

dorayaki
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jagarico

rice crackers

«candy bar
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dorayaki 4 o
jagarico
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(b) KIEEXICKDDEERE

Confusion matrix, without normalization(Random Forest)

candy bar

chocolate bar

dorayaki
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candy bar 4
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(c) IUF LITALANEICK DN FEREE
Fig. 4 ENEFERICBITAEFEDOHERE

BOREEXIVEFEWFERE-> TS, ZHET Y=
— U HURE KT EHED A BIVEfE U728 O 2 BT
WL CWAILEARIBL TV, LnL, 3 FEO &1
MBI CE 5T — 2 D% 4E, EOT VIV X A
KU CH B RS 72 i FERE S 2R L CRY, 2RO RZED
N2 2B, BHEOM B2 WD Z & T 5 12
XTAHNAMEEDDLIETELLHIMTES. HH]IC
WHE PLA R0UYa— 3 52FRITIE 7o e DR E)
NEBE AR TWAT2 Figs L0IRIEI R IZHR
BTETEY, EERLEV. LSV EIIY LR
HTWBIETTHY, PLA 0V Va—MFERENN S F<
AT, F7- Fig.h b /A RXbZNWEb s, 2D
ED, BHM BRI LA 2EMEESH /2D /A X
BRENHIVTES LG @O IEMRRE A, #ERAIce
RO IEfER O[] FIZBERDO TR0 EHERITED.
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Table.! ERNEFEICETPEFHDLERE
Accuracy Precision Recall F {&
[%] [%] [%] [%]
SVM 100 100 100 100
RF 99.4 99.4 99.4 99.4
KNN 100 100 100 100

Tabel.2 EMHIHFTHFHERELATERE

SVM K Random
Neighbors Forest
PLA IFfREE 88.8 90.3 91.6
(L) E= 0.060 0.052 0.039
1) RS 94.4 97.1 935
-y =F-= 0.025 0.037 0.061
(F&)
TIL IEfRER 742 728 72.1
(&) RE 0.039 0.051 0.041
38 IFFREE 97.4 96.9 95.7
RE 0.031 0.056 0.042
6. #5

AL TIX, NO DGR L oo N7 =
SRR, EERICE /AR ET - EEXICELAIEFEI Y
T T 4NN TR IEELTHAS, 2O EA3D

DFEEE AW THENTED)RRAELT-. fEREL T
ETOEEZET 5B, EOEMRRNELI, £ % DE
BEROFAMFEEE CH E WK EDORE R EGH LN TE,
IR R CH A 2 D ORI R 2552 LM
TEe, ZHUT A RBRESNA/R—= T A—H D Bl
BN ZDFEFNTHEBEL TOWDHEHERITES. Lo, &
IEI iﬂﬁiﬁéﬁ%%@ﬁﬁébi‘ ToENL TWVD T IV E

REG AT R OB EREOBENR T HND.

4\?7’;% ISR WRTERE R ESE T2l £,

DETEBIMNEIN. F20DBMBNHAL LS DEST
BAERDSFER IR DN EINERAETSH. N
Z2C, XA A& TS 57280, TERIZHW
LB OB R — DR EHITH.

BiEE
AWF D —EB 1%, JSPS B AFE  JP1THO01224 ,
JP18H05471 , JP19HO1122 , JP21H04936

JP21K14040, JST COl JPMJCE1314, JST OPERA
JPMJOP1844, JST OPERA JPMJOP1614, Lh—23=
> MEAR K EEAF 7 BA 56 F 2E (MS508, JPJ009237), KN
PRE A3 HE 6D 2 [BERE A /) _—a A&7 a T A
(SIP) %6 2 #1774 HNVZER T O T — Z LB L
A, TR RICRDE RO R R g2 ) (oA
N :NEDO) IZE > THRA ST I D ThS.
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PLA waveform
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1. FH % “HARG TEARECHADHERE

OIILTF15E” ) Nippon Shokuhin Kogyo Gakkaishi
(Vol.25, No.3, 1994), 21 July 1993(p218-223)
LBy TBIE “BHh0OT 7 AF ¥ —0OFHf”, Nippon
Shokuhin Kagaku Kogaku Kaishi (Vol.44, No.2,
1997), September 1996(p83-92)

Hiroyasu  Yamaguchi, Ryosuke Kobayashi,
Yoshinori Takashima, Akihito Hashidzume, Akira
Harada “Self-Assembly of Gels through Molecular
Recognition of Cyclodextrins: Shape Selectivity for
Linear  and Cyclic  Guest Molecules”,
Macromolecules, 25 March 2011(p2395-2399)
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OP-12
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Validation of surface modification methods for gels to enable 3D scanning
] BRiE NIE B EE EE NI M TLT4FEY 41RTL T2
7ok 3—X32 HI &
Koumi SUZUKI', Masaru KAWAKAMI?, Yosuke WATANABE?, Jun OGAWA?, MD Nahin Islam SHIBLEE?,
Ajit KHOSLA?, Hidemitsu FURUKAWA?

"R REZE T
2R RFERERE T 2HRE
'Faculty of Engineering Yamagata University

2 Graduate School of Science and Engineering, Yamagata University

[E#9]

BHAPED B ANA RS LV E 3D TV Z —CTHEMERTIRIGETE CEOEINITFEL TWD, &L R
TNDSHEZFHAIT D720 O FBUTMESLS TRV, — AN E ORI E T IEIL /AL S REDERZHE
Pedo T3o FIEFEREM O Y70 3D A HIZEDMEDNHVBILS. LoL, b <EHERE AN Ral L
ERBELEGE, INOOHEEZOFEFITLZEL T, ZOMRITAED EHSICB O TLTLLEL VD
LIV R 72, ZOTOARMIEIFHE DO KT 3D AF v THLD 3D BkET —2{b T2 EEMGET 5. 22
TIIF NVEROBEEICE AL, HRATNBIOa—T 4 THBAZITHZLET 3D A YU N EORRE Al fEL 72
DOV TE ZINZFELT 5.

F—TJ—F: 3D R¥v, FEE, &%

[Abstract]

The technology to form highly transparent hydrogels into complex shapes using 3D printers has been developed, but the
means to measure the dimensions of the formed hydrogels have not been established. In general, structures are measured
by directly applying tools such as calipers or metal measures, or by using a non-contact optical 3D scanner. However,
these methods are not always suitable for hydrogels, which are soft and transparent, in terms of measurement accuracy.
Therefore, in this study, the latter method of converting the 3D shape of the gel into data using an optical 3D scanner is
verified. In this paper, we focus on the modification method of the gel surface and quantitatively evaluate how much 3D
scanning is possible by adding coloring agents and coating agents.

Keywords:3Dscanner, accuracy evaluation, modifier

1. Fim 53655 3D A% IEH L. 5 3D A%y
FNET R TGS T 3 IRoEDOHE H & DEE, TTARLNARTT VD L5725 72 IR I3 K
EY, ZNDIKREDEMAE G LTZWE ThD. T DT FH D IRNZ LTI = RN E ORI
D, ZHPARSTODMETHY, FZHERLFEEKE,  HLWR2]. 22T, 3D AXx v U AZLAREHAIA ATREIC
I, AR R A, IR E D REE A 2T 725857, FNORFEEM TIEZ DWW TR ZIT 72
WD, EORERIENL T, EForRyh TEE N7
LG 2072557 B CORI A DBEARFS T3, (ER 2. (HFAHES
(LD — AT, MRS RO E T L2 ARFZEIZBNTEER 3D A% F1EM 1 1TRT
ofc. T, BHERIIRE S e 3D ST UL A SHINING 3D # Ein Scan-SE Zf#i 4 %. Ein Scan-
— BTSN TERY, BRI I A LIE, IRAL SE X H 4 LED ZXJHEL CDT AV Y 3D AF
VR, NEERE T VOIS E R A OERLZ L 3ME Y ThHD. TaT B — PR D — P
FHENhd B[ WL, TONRY—2 % AT NG B FRATL TR 5
— 5T, WK LT N O EEE BT 572 EDORRREZRIE T HZENARETHAL3]. LnL, A¥y
DD IFIENHELSIV TR, EVHRIENRGS. Bz VR DEIE, BV, SRR, REDFEM, i
X, /RRRG R EOE BA B L TR FIEIEZEL) OB IEE TN ETITIRO R E L V-T2 54, I
SEFBLRoTUWIANAR A UCTEH+5Z L RNREETH BEDORIEN TERNWIER DD, ZD7=%, JeFEEED
5. BT IV E AT v T 5O R mEEMiT D05
ZDTDAMFETIL, FEHEART 3D JRIRZFHIITX N5HD. AX YU RBY DR ESIIH—0 T —
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(a) Y%= 3D RF¥+F [Ein Scan-SE|

(b) TILRFvUBEFEOHKF
1.3D AF v HEEBEDNEBRERITROHKRT

TR OO EICRESNTEY, R/ AFr
YA R 30mm X 30mm X 30mm, i RKAFvL A X%
200mm X 200mm X 200mm &72-5> T 5.

3. TILDERE LUV REEME
31 FILDER

AR TIEALEE N 7T HEZ: N,N-Dimethylacrylamide
(DMAAM)Z V&R FEIZ V=, DMAAm # /L ORI
F/~v—&L T DMAAm, ZEME Al &L T NN-
Methylenebisacrylamide (MBAA), B#EAIEL TLA
XV g T o =r AGEEEE T E =0 A) (APS) &
IRASHE, WL TR RUKZRA T2 TIERIL.
TIVEAERT ARSI, (REAIELT N, N, N, N —
ThIAF N T LTI (TEMED) 0%, EE%
BRIASE T2, ZOVDIIRIT AR Yo O J7 AR AF P28
WD 4% 35mm O EERAEINLC, S Va—
OERBNZ S VPRI AN T LS 52 L TR L
7. EBEICERL 727 %K 2 (a) 12”7,
32 BEEFARMILZREEME

FIVD AR G FEL LA B E MEET D7-012,
2NN T B OAHI RN VARG .
AR TIIBAFNEIT—Z(FA—FLyR) 1)
BN e, BEBHIE B MR IR IS 28R T
XN, FEAA U REIEERID A7 AR RL,
TNEREBGSHET-. GHRELT, /M7 1wt %,
EEF0.2wt % & LT-.
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() a—T1 T HZEZR
2. REBEEZRLI=7 ILER DI

33 a—T4a T E|

AW I NV OREEMED 1 DELT, 23—T7+
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V] 2T

Lolal, a—F 4L 7 HNE 3D AN v R IER 2L —
T BHIAESUB blue) (R EHEL AT L7V T AR) %A
FHL7=. TAESUB blue | I3/ Bl REAT L — L B
YA RE S ETICAT Y R E A% A HE
TRARRBIC T A LN TES. F77, TAESUB blue | H3EYD
H A EOBEIZFEE MRS IV FET T~ 2
VIR TR TRERR SN TN BT, A% v 141K
KEBRET DB,

3.4 HFILOEFHE A &

FOOFHITEE LT, BRI -ERD3D 7 —2&
Ax v CTHAALIZ3D T —X &L, ZBEEENE
RO, K BITRT I, L&FEET, 2 DOWEE L
HE D TRCER DY, o IXERGRWE %
B9, &R, ERTENTNE LEROMKIEO B Ikt
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-LA

7207 (%)

57 ()

M3 RELENERDDXE

4 FEREBE
4.1 A& v DIREE

B IDAF X AL IR T — 2% K 4 1R
7. REBEHE L T RN UER 4@ XS0,
TR T — 2B TERD T — 7, K 40b), (©)55R
T IO, BT —T A T RIEBAT LI N RO
BRI TG T —Z O BAFT R BI LTz,
4.2 REv Ui

RIZ 3D AF v AZLDHIINEE E EACFEmL 72,
A AE E ELC, (KA MRFIL7Z. Ein Scan-SE T
AXx UM%, AXX LV TINTAY Y 27RO 1T,
3D T —H%&ESTLT —H#TRAIFLTZ. ZD1%, 3D 7V
A 7K =7 Materialise Magics (materialise £+-5) %/
W, 3D T —HXDOEEEIE L=, 4 AL, 3DCAD T
YERLL 72 4448 35mm DFARRYZR L ERE AR v 2k~ T
BOENTT NV OFART — 22N 2T, RUELEE (PLA)

R1. BT —HDKIE

A [mm’]
FER DO IRFE O B A 89658
AL ER 90833
(Z—F 1V H| G AR)
AL ER 83612
(& B AIRN)
PLABLER 107978
ABS gk 101754
2. AFvUrEEIHE
[mm®] (%] | [mm?] | [%]
7 VR
(m=—F > | 86215| 96.01| 6962 | 7.753
7 Bl Ai)
TVEREER
(AU | 82265 | 91.76 | 7665 | 8.550
)
PLA 828R | 89592 |  99.92 | 11426 | 12.37
ABS #3:Ek | 89657 |  99.99 | 17650 | 19.16

BHIE R ONT 27U« T H T« ZF L DTS Bk
(ABS) IR D AF v U R A L LTz, & ERDTEIR
T = ENL G LR FEDT — 25 R UTRT .

AN, PRI KT FF DT —H EAF ¥ THL
BULIET—2EHRIL, 2 DOT —XDARZFELFES R
B, ARV REEATHILZ. 2 2 1T v RS RS
AERERT

4. RAXNUHER (RIE, BRFIRM, a—T T HIEM)

K3 BHEOEERAFT v UELEGEEDAF v AFED HEKCEBRMNLGFERDT —FEDLEEK)

AF v RS (LN R —HeR —[EEED—BeR 0 T
[EIE=S [mm®] [mm®] (%] (%] [mm?] [%]
1[alH 90833 86215 96.01 — 6962 7.753
251 H 90827 86165 95.96 99.94 7071 7.874
3[ETH 90800 86124 95.91 99.95 7126 7.936
4[al H 90298 86049 95.83 99.91 6773 7.543
SlETH 90146 86005 95.78 99.95 6706 7.468
6= H 90146 85998 95.77 99.99 6718 7.481
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AR T IS BRI WL 1 [BlDA
Xy T LT —FE G077z, 5 (A
FRJE 2% v U ATV AR v U DR TEL T — X
L. # 2 KV PLA & ABS TIE—EENmEmWZE
BbomoTo. UL, 20N 10%LL EEEmMMEICR
AR RS-, Ziud, PLA & ABS S ERAE A%
YU LT T — AR REDICAF UG R E L THEESN
7128, ZERNELE IO TR O EHERIE
5. Flo, —BERRESRIIBWTa—T T HIR
HOF WS- EBHiEEEL =7 VD Tl —%
D 90% LA E, ZEAHAY 10 % AT & mi v REEEA 7LD
Nic. 2O, a—7 1 7Rl LTS A 10— BeR
DAL EPMERNDIL, BFLVa—T 7 H|D
I EZOMMBHRIOTEIRNBIVAEICERNDTZD TN Z S,
ZDI, =T 4 T HE A WTAEMTEDIZI DA%
B CThHHEDDI-T-.

WIZTRIC K G A%k ¥ o DU Lo TIEEE A
BT DRAEL T, a—T 0 VT HIBAT LT Ve 1~6
FID AKX ¥ 2 TV, FAF YU B BITHAF v
FEEEZRDT=. TORERAETR 31 TRT. AFyr B
BT, 6 BFTAXY LT —HE UG LTINS HE
RRLESRITTITEKL, T —ZIZBWTATY
VAR RSO IR I B W TTRERER N RSN
7o, ZDTD, [ FHENVAF XL TELR BRI THE
BRIOEFE AR v 304653 7e<, 2 FIRREDO AT v
IR E R R I b7z, L, 1 EIODA
FY L T—ELNAFT Y TRV B THLHHEE,
EILR IR R D E CTHEEPIOFEE AT ¥ 21T
EWRHD.

5. ¥Eim

4 OFERIVa—F o TR E G LA EE
DB IEPHEERS -, £, F 2 IR -5k
T =R EDRZFED R NEL, RN —T

TR OTAERTEDIZIONE DRI THLHE DT,

T, HEAILV—T 4 T HIDIEIRRE DK
NEVHIEIZR DD THHEEZHND.

RISV TE, a—T o 7RI ER o7
BAAEERELTZ7 L&D BTl —BE2 90% LA |,
225 EDY 10% A& mV KA R L7203, PLA & ABS
DAF YT —XED T —HEIT 90%LL ETH
DIN, ZEERIN 10%LL ETHDT-80, L0 @WK E AR
TREEMNTOILENDDS. £, KO OFAH
T, FHG DR E & i D 1= 1 HER 8 D D TE
HIZOW T ORI A3 %.
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Composite material with 3D Print model and fiber structure

BHAPE ', BHEIEX? RIBXH ' UbRE " BERER ' FAFPH 2 AHEH’
Miyuki NUMATA', Tsuneo MASUDA?, Taisei KOJIMA'!, Katsuhiro YAMANAKA',
Masanori MIYAMOTO', Mayumi AOKI 2, Hiroya TANAKA 2

'"HARREH, CEBERREKFE
ITeijin Co. Ltd., Keio University

(ET5)!

ARFFEIE . MEXGHEHFH) TR =2, FHRRKSHED 7V 22 AW CTH AL, 2EORI =27 /LT
Ar~— B2 5T T 4 ARG ZFF-D3DP 1EEME . 3DP WEIEWI R S R I Lo Ry MEA M D
K PEREIZ B 320 D ThD, MRS AR AN 5281280, Yo 7V RBEL TS EBHY, ZOESE(T 5
TEDLTENRESNI, BHIEHE, 77 AfEIE, SOITITRMER S R oA D TREHEITOZLICED | 3DPERY)
2T TIEAELNRNRDLNERC, WK R OMREMEA AT 53 228D ATREL 72D,

F—J—R:3D, ST/ RHEE, Ashby Map, MilHEE 1k, HREHT S

[Abstract]

This study is related to the characteristic evaluation of a 3DP model having a lattice structure composed of two types
of polyester elastomer resins and a composite material in which a fiber structure is added to the 3DP model. The lattice
structure is made by MEX (material extrusion) method, which was manufactured by Slab Co., Ltd. It was shown that the
addition of the fiber structure has the effect of lowering Young's modulus and imparts softness. By designing by combining
the resin type, the lattice structure, and the fiber structure, it is possible to impart softness that cannot be obtained only by
the 3DP model and functionality such as water absorption and quick drying.

1. Fif PBT 500FP EF202X|EDiEE W (UL F. TRB-EL2 tk&
Bk, —MRPEZEENFITE SN CWDEM & W FoH) O 2 FE ORI =27 /LTI A~ —& Uz,

C. Architected Material FFEIEIVD . SR TT L[4 4%
EEVERIT 58 MEHE A OFEREZ I 2 78T LV W EE 2.2 WHAEEER
ZRBLATREMEN B D, BERERIEL TIIMI AT, Wi, RY T AT VAR MEZ B T 7 V= Mg & Tz,
W BRI Y RS A H ST,
2020 4E(ZBAfES T 4ADFF2020 TR A Iz X 23 EE. EBEARDOER

% AshbyMap % fV7=3D Print (3DP) R HEZR 231 ST1R¥EE
architected structures OFFMEHRE | Tixk FDM/SLA 5 I3 2 &M 1, JefT 20 CRME AR fE 5

RD3D TV ZEEEDO~T VT NN HNT=TT 4 A (FPEHR R OIE ATREME S MRS LTS 4 X
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3D TV &% W, 2fHDRY AT )L T AN FTHZEII LT, STAEIE T I AT TR D
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BREREE T/ NV IMEERIL | LY 7R a2
TELTfE % Table11Z78 9, TRB-EL2 tkit TRB-EL2

SHEEY L 7 RN 1.2 fF B E R LT,
TRB-EL2 TRB-EL2 &
P (g/cm ®) 1.02 1.00
Yo% (kPa) | 4,341 5,276
Tablel. VIR OBEE LY 7 2R

TRB-EL2 %, #:0ix L [E1#(Lattice period)Z 5FE4H (4,
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Z&fF. TRB-EL2 2&lZ >\ Ci, TRB-EL2 %f kv 7
TN 1.2 fEENT0, RO SE T dIc o7
PR b — LT 522 BIEL., 2D TNIC

ZERAERA T 5, NERE D E9 2 A BAL ORI L
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22 M OTT 4 A EZ RN, 3D VA THIILTZS
DP &M A ERILT,

JIZ. TRB-EL2 & TRB-EL2 tX?®3DP &MU
T BELYL 7RO 2 i) 5705 Ashby Map ~D~
YT EAT T, fhiR% Figd IR,
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releases/riddell-carbon—produce—football-helmet/,
(accessed 2021-07-19).
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NAAZNZEERLE-RFEREBRZETI B FIEEDRIH

Creation of Thermally induced phase transition lattice structure using bimetal

KL &1 8T i B OFT MR OE—ER
Hayato NAGAYAMA!, Sosuke KANEGAE!, Masayuki OKUGAWA !, Yuichiro KOIZUMI!

'KRKFE KFERITEHER

!Graduate school of engineering, Osaka University

[Extended Abstract]
1. Thermally Induced Phase Transforming Cellular Material (PXCM)

Phase Transforming Cellular Material (PXCM) 1%, — &L EOJERE W AN & Hh DGO 53 D3I O JEE T
WS E R AESHETRESENML, BIORIR~EBLT DI, 2]. £, EMHEICERHTL CTLEBEOIIREHERL, 2
O EDETE TILDTGIRZEE 2 W2 EME (bistability) 27577, LAL, BLROD PXCMIZETEZIZS R MO
JENZMZIRDF L, TTOTGRA~EEIE L2, — 77, BUZIRRDO RS 2 HEOSBEZAY G bR A A2V
13, EBEZGIC L TROT I DNIRIG N 2R E LB T2 LW E A F7O[3]. PXCM O—HBIZ/ A AZ V%
FAIADIE, FEfE - SlRM EE INZ T2EZICEET 5720 T, IE-mHIZE> THRIRD (LT 52 LIRS
Mo, ARBFFETIE, PXCM ORI AAAZ VAT HZET, EMETEZICREZIC I > TR E FIES
LA IR RO R E % %6 B35 Thermally Induced PXCM (TIPXCM) Z#7-(CfERIL7- (X 1). TIPXCM 1% H
TUGE T RIGE, INARAZLD 3 DDEHRTRELESID. NSAAZVE, ToDATERIET H BR D /o FIZ Lo THMISL
Frsi, SHIC T RZO—EDOA) Y MIZATIEDES. AFFETIE, £0 TIPXCM OIREZELIZES LI ETE
%o e B 1 AT LIRS ENTY 7 N O CRTE LIREEE OV A O BIR AR L 7.

2. $ERLKEHR
IZLHIZ TIPXCM @D 1/2 HALKE O I H TR T, IBEEOT HORGREZRD = (X 2). 1/2 BALHE T
X, NARAZILDAF > F 12X, -135°C TRGEHE, 167°CTARBZEL, — KA BIEITR 2D AZ~T T LD
WPEA S8 LT-, E77, 1/2 B FA2SE0RIT T TIPXCM ELTMBT 58, 2Ty 7 20— 8BRS RIS S8 AR L=,
WD AF T AN —% NI — L U CHEE SN D E TN E L, HA&EHIIZ TIPXCM 1X 20% 2L EO O B %

FE ST, ZHUE Ti-Ni FIRGLIE S SO O T AEE & 7T~8%D 2 {FLL EEKEL, TIPXCM F5A DFHETHS.
30 - : :

o [
20} N |
10
il o
x® 0 EH o4
— ] H D
_% 10} S Cooling Sh ]
— =Y 5 o
B —onl Sk Heating 5 ]
N -20f & § _______ 2
-30¢ E
. -40}
Unit cell s
o— 200 _ -100 0 100
Temperature [°C]
1. TIPXCM & =. 2. TIPXCM ZMEAELI-FDEE-U3 &R

SE R
(1] 70, B)IRRHT, /ANREE—ER, “3D 7V Mail A LT IR G - E RN A~ T U7 V37,
The Journal of 4D and Functional, 1, pp.1-8 (2020).
[2] D. Restrepo, N. D. Mankame, P. D. Zavattieri, “Phase transforming cellular materials”, Extreme
Mechanics Letters, 4, pp.52-60 (2015).
[3] S. Timoshenko, “Analysis of Bi-Metal Thermostats”, Journal of the Optical Society of America, 11,
pp.233-255 (1925).
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OP-15
HAREEDBUETSIAFVIEEEL-SAEREHDATREM

Potential of Porous Structures Composed of Mycelium and Biodegradable Plastics

MEAR' BRI 4ERLE? AhEH
Moriyasu CHINEN!, Takumi TORII', Yasuo NAGURA?, Hiroya TANAKA'

'BEEZZRFREFERF, ‘BEEFDRZRZRBEK AT 7HER
'Faculty of Environment and Information Studies, Keio University,

2 Graduate school of Media and Governance, Keio University

[Z#9]

WS AT 4 F TNV B M ELTEAM P2 0B CHERA SN WA REAMEFI L aX M2z ex
AR B R E R 2300, P TO R TOKBIVTWD. — T, BRI AT BV (2 A, 28 A W Bl S ) L 0%k
B LU COFABIFRESN TS TZ7EL, BEA~OFHIZBWTIE T vy 7 MR LIAEIE AT O &)
DUFFENT AR T IEN RN W EFREE S CE T AR Tl AT H B2 T LE SR 2R FH LT
BED TG LD D58 %, R TRORNEHSEBROGIRICH L. b0 EE I Ex, 45
FRIET T AT 7% S, e 2RI ClIe<, BRAM ORRE &b ITHEEZ BT 5 L ALEMERE 3D 7 U2
FoTRUYEL , ENDb b T iz TR O RIS B HRTBIROE O AR AR R LT, Znab LIl BER LK
EREEREREA~OT VA ERL, SHOGRFEELRETS.

F—T—K:3D TV TAVY, KRBT IRAF VY, BARM, ITUTIL

[Abstract]

In recent years, mycelium has been attracting attention as a sustainable material in various fields. For example, cushioning
materials for packaging are made from mycelium by molding. On the other hand, mycelial materials have excellent
fireproof and heat-insulating properties, and are expected to be used as heat-insulating panels and cushioning materials
for construction. However, the molding method used in products is not preferred for architectural applications because of
the scale problem, and an effective molding method has not been found. In this study, we analyzed the previous cases and
identified the problems of the molding method for architecture using mycelium as the inconvenience of the drying process
and the limitation of the shape. Based on these issues, we designed a porous structure using biodegradable plastic, which
is not just a formwork, but a structure that grows with the growth of mycelium, using a 3D printer. This paper presents an
example of a design for a temporary building for disaster relief, which was devised based on the results of this research,
and looks forward to future social implementation.

Keywords: 3D printing, biodegradable plastic, mycelium, material

1. E® TFED R EESLHAR DO HIHI S\ > TR E O F AT fii ik
Y AT 4T T NI B EUTHE R D3R % 724y NROBEND.
BT H SN TV BRI /2D iR T 5 5008 AWFFRNT ST T AF 2% 3D TV MU TR

DD THD. PEIHADR RN T DM E T B LG FHT L L ILEME R REL, BRI
HUIABEIZRF D,V 7 =0, e m— R G TSR R, 8E TRRTDEEEM LU TOWREM AR L.
728 DIAVEIE B IR R LU, ZORA LER NR A 2. HAM DR
ST D& EARM EM-5 F R ITRAM 2 0 RL 7235 FTHEMEL T, ESRM B &L CHE H SHUDI0 K
BREAHEIRICRO IS TINTHRE T 228 TH &k P BT EWE B S LR 22 fERE 21T o 7.
ZEETD. 2.1 it R DFERR

B E LS, B RSEROTEE 2 1k 5L TR, B AM (AT 27wk +7 T80T JEi
ik JPELLT, W B (2], 48 B R (3] R o 7o LT AFm— )LD IFEDRER %, K )it — LT AN —
TGS ATREE 2D E- R AMIT LSS ND/M ST T —DR(1500~1700°C)IT ik K20 HEHL,Z D4k
RSN TEY, SHICFF IR TEGRRICE BaBRL MG el TEbNS R L T D
B2 R R EES WD 4], HRITED, 72D HoL OO, B KR A LU TSN DRI AT n—
HARIZH G OMREDN IS TOD. ZORMER AN ISR L TRV A EZ R L7z,
LCHEAMET v JMIHM AL BIZH 56 D0, /4L
Eh L TORMBNI DR RIS B OA e
[5]06]. WA DOBREEHM L TORMDIDITITHER:
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Development of polymer photoinitiator to improve safety
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[Abstract]

In this study, we developed a new polymer photoinitiator, that shows improved curability, compatibility and
transparency of cured product compared to that of the low molecular weight photoinitiators. Furthermore, possibility of
creating a highly safe model was verified. The novel polymer photoinitiator based on Norish type 11, that are developed
without the addition of a low molecular weight hydrogen donor, however, it demonstrates same wavelength
correspondency, high curability and transparency as that of the model based on the Norish type | polymer photoinitiator.
Additionally, this photoinitiator was confirmed to have high molecular weight improving its safety, as well as reducing
the elution of low molecular weight component.

Keywords:3D, polymer photoinitiator, safety, UV-LED
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An Examination of Learning to Create 3-D Works Using GelPiPer in Japanese School Education
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[Abstract]

We conducted a workshop for high school students to exam whether Tinkercad and 3D gel printer could support the
learning of creating 3D works in Japanese school education. We found that the second-year high school students who had
no experience in operating 3D modeling software tended to take less time to learn Tinkercad than Fusion360. The students
were seen to be creative in making use of the softness of the gel material and the unique features of the 3D gel printer
modeling method. The students' creative activities and learning attitudes suggest that the 3D gel printer was able to assist
them in achieving the learning objectives of the art classes.

Keywords:3D Gel Printer, GelPiPer, Primary Secondary Education, 3D Works, Art Classes
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Practice of a citizen participation workshop using 3D printed footwear

through the “Data Walk (@ Kamakura” demonstration experiment in Kamakura City
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[Abstract]

This study describes how 3D printed objects and sensor-based walking capture and visualization can change the way
people think about data utilization. We conducted several walking experiments, visualizations, and discussions with
citizens living in Kamakura City, using commercially available smart shoes and 3D printed footwear created from their
3D scanned data. The result of survey showed that visualization of data can change consciousness about data, and also
suggested that the 3D printed objects can attract consciousness and make positive changes.

Keywords:3D printing, footwear, smart city, gait, mapping, citizen participation
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Design and Manufacture of Large Metamaterial Structures for Diverse Urban Situations and

Behaviors
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[Abstract]

There have been many projects to manufacture furniture and benches by 3D printers, but there are still few
furniture-scale 3D printed products using metamaterial structures. We are investigating the possibility of creating an
intermediate form between street furniture and playground equipment by 3D printing several kinds of 35cm blocks with
different functions and characteristics based on the metamaterial structure, and combining them by stacking or
arranging them. In the process, we were able to extract needs through actual installation experiments, set up a new
persona, derive the next metamaterial structure, and find a design methodology for gradual development. In this paper,
we discuss the value and attractiveness of furniture-scale 3D printed objects with metamaterial structures in urban
spaces based on this methodology.
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4 . dd EBE | B:Bistable pattern: DD EIRIELFF O IE TE
Bh3 SEPEITE5.[10]
PR C:Growth ring pattern; A% ATIZ 1 &AL F
B STTATE T DA [11]
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[%] 11. B:Bistable pattern
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A:Chiral pattern: E2>BHE Nz 5HE85H:5 J7 012 H] .
5L, #5157 8% %4 5.[0] 12. C:Growth ring
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FAVEVRBFREODIAVN AT LORE
Diamond Lattice Joint System

AE IBD' E MR
Nagisa KIJIMA!, Tomohiro TACHI!

'HRRERKZE
'University of Tokyo
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H RO 72 RIEREIZH OO NAME T L0 DI, BT FHRIRE DA THEESTHT Ay IV AT bk
"ETD, ZE+ wHEIRERT T oy, WoR—mTORNIMTERL, BIREL THAVTEVRIE I
o T2 A& 50T 5L LG 7ok (Schwartz D-Surface OBERUR) 2515, EFOT A%, T _XTOE
MR THY, AR AANRTFELRW, TFOT AL N\ m—ar LT, — DT OEAKRDINTHEA TVLDH
D, “OTOMTESR T LD, WORBFHIATARTHZETHELDREZREL, TNLOME R — LIz
Wi LD,

F—D—F BFHEE, EHFTE A/ VEVREF, HAITIOER

[Abstract]

We propose a block system that is joined only by geometric combinations, like the Japanese traditional wooden joints
“tsugite” and “shiguchi.” The blocks, which have a rhombic-dodecahedral shape, have four joints that connect at a single
point, and as a whole constitute a porous structure (a discrete version of the Schwartz D-Surface) that bisects space along
a diamond lattice. The design of the joint is the same for all members, and there is no male or female. We propose design
variations of the joints including those that are stacked one by one like building blocks, those that are connected in pairs
of two, and those that are assembled by sliding four simultaneously. We discuss their properties and generalizations.

Keywords: joint design, space tessellation, diamond lattice, assembly process
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Optimization of Material Extrusion Screw Shape for Food 3D Printer
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[Abstract]

In recent years, many studies on 3D printing of food have been reported, but in most cases, the syringe pump method is
used, which is not suitable for fine control of ejection or ejection of high-viscosity food materials. In this respect, the
screw extrusion method is superior as a dispensing method, but even so, depending on the viscosity of the food, it may
not be possible to extrude or there may be a difference in extrusion performance.

In the screw type extrusion, the range of material viscosity that can be dispensed and the effect of material viscosity on
the dispensing performance are thought to be deeply related to the shape of the screw. The purpose of this study is to
investigate the optimum shape of the screw and to design a screw that can dispense food materials with a wide range of
viscosities and that is less affected by viscosity. In this presentation, we focus on the relationship between the viscosity
of food and the pitch width of the screw. We report on the relationship between the shape of the screw, the viscosity of
the material, and the discharge volume by conducting discharge tests of food materials of various viscosities with screws
of various pitch widths created with a 3D printer.

Keywords:3D, food 3D printer, screw, Fluid Simulation, extruder
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Development of a 3D gel printer to extend the range of solution viscosities that can be printed
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[Abstract]

To form polymer gels, a mold-based process is mainly required. The use of molds limits the shapes of the objects. We
developed a light-curing 3D gel printer to enable the fabrication of polymer gels in any shape. In this study, we develop
a 3D gel printer that extends the solution viscosity range of the moldable gel. In the case of low-viscosity solution, where
the vibration of the machine has a large influence, we investigated the quictness of the motor, the anti-vibration measures,
and the molding conditions in order to suppress the vibration. In the case of high viscosity solution, the motion of the
modeling stage was examined considering the slow flow of the solution.

Keywords: 3D Gel Printer, Vibration, Solution Viscosity
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Fig.1 3D Gel Printer “Gel PiPer”
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Fig.3 Moulding Path
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Table 1 Composition of ICN gel

Monomer Polymer Cross-linker Initiator Absorber

[Mol/L] [Mol/L] [Mol/L] [Mol/L] [wt%]

DMAAm HPC Karenz TPO AS-150
4.0 2.0 x 10 2.0x 10> 1.0x 107 1.0 x 10™
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Fig.4 Hollow cube
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Fig.6 Evaluation of objects (HPC+0wt%)
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Capacitor of 3D Printing Used lonic Liquid Gel
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[Abstract]

In recent years, there has been a growing demand for highly safe soft robots having soft cabinet and working in a
work environment close to humans, and the electronic components used in soft robots must also be made of soft materials.
If the soft robot chassis can be manufactured by 3D printing, and at the same time, 3D printing technology can be used
for the fabrication of the soft electronic components and the wiring process, it is expected to improve the efficiency of
robot manufacturing and reduce the size of the robot.

In this study, we aim to apply ionic liquid-based gels, which have characteristics such as non-volatility, flame
retardance, and great conductivity, as electrolyte materials for capacitors. An ionic-liquid-based solution that is cured by
ultraviolet light irradiation and possesses flexibility and conductivity after curing is selected, and the ionic-liquid gel is
fabricated. The electrical properties of the fabricated ionic liquid gels will be measured and their performance as
electrolyte materials for capacitors will be discussed. Finally, we investigated the possibility of molding ionic liquid gels
using a light-curing 3D gel printer.

Keywords: capacitor, ionic liquid gel, electrolyte, 3D gel printer
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ExpandFabric:ZA iR B#M D RATIZ KD D RIKIMN T D EE R 5

ExpandFabric: A Basic Study on Fabric Shape Change with a Thermal Expandable Material

B =i, B R

Hiroki KAIMOTO', Yasuaki KAKEHI'

'"HRKZE
IThe University of Tokyo

[E#9]

AWFFEIX, BUERMEM B2 W T MO IR 2 7 0 T~ T M EZRBZ 57 7 7V r—var Hillia 2750
DTIH%. AUFFETIE, MEIOIZRTGIE B L, R EIZAR IR T 528 T, IEE T 2.5 RITHIZRIZIR A~
ERDOIERIN TAESE T Z LA . AL THOWDEWZERMIEEZINZ 52T 2 HFOEREERTHZEN
TE, TOWIERLALEICRET HIENTED. WIRE, M~ORMOIIR, BT EOMAG DT ZiRE
THZET, MBIOWRMN B O EEEZN T EL T, ALEORITIN T 352N TES. ARETIE, L0
EBIOEMRMN OO DEBEOFRELITH), ERLIZY T LD ERFERICOWTEED DL, A% ORE
2N Tl 5,

F—O—R: Bk, TOANTFIVT—3r, NI, BHIREL

[Abstract]

In this study, we propose a fabrication technology that rewrites the shape of a fabric using a thermally expandable
material printed on it. We focus on the expansion phenomenon of the material and attach the expanding material to the
fabric, which enables the fabric surface to be bent or swelled. The thermal expansion material used in this research can
create an expansion rate of about twice as large as that of the original material by applying heat, and the expansion rate
can be set in advance. By designing the combination of the expansion rate, the shape of the attachment to the cloth, and
the position of the attachment, the cloth after the material is attached can be processed into a 2.5D shape using heat as a
trigger. In this presentation, we propose the basic principle of the method, implement the device for attaching the material,
describe the deformation results of the sample, and summarize the future work.

Keywords: Thermal Expansion, Digital Fabrication, Fabric Processing, Shape Changing
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Simultaneous Control of Tactile and Lights by 3D Printing Foam Structures
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Faculty of Policy Management, Keio University, 2Faculty of Environment and Information Studies, Keio University,
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[Abstract]

In this study, from among the five main types of structures called foam structures (sphere, Kelvin tetradecahedron,
Boronoi 3D, Weaire-Phelan structure, Williams tetradecahedron), which are excellent in space filling, we tried to find
which structures could be printed by a FFF 3D printer, and the tactile characteristics such as softness were investigated.
We also developed a method to add new characteristics by inserting parts such as LED lights and water-absorbing
polymers inside the structure during modeling. By combining these, we will organize methods for controlling tactile
sensation and light at the same time, and apply them to new product design.

Keywords: FFF 3D Printer, Foam Structure, Tactile, Light
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Crystal Deposition Printing : #5mirHZALV=3D Y 2&ERY D
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Crystal Deposition Printing: exploration of the post-processing of 3D printed objects using crystal
deposition
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[Abstract]

In this research, we propose a wall panel that utilizes the characteristics of salt, such as humidity control, antibacterial
effect, and light weight, by using an FDM 3D printer to output a structure where salt crystals easily precipitate. This
panel is also a proposal for the future utilization of "byproduct salt," for which a method of reuse has not yet been
established. We have considered the possibility that resin and salt crystals could play a role in the declining demand for
shoji screens and shoji paper by bringing in light through the area where the salt is deposited.In order to effectively deposit
salt crystals from the panel, we used a 3D printer to print out structures with different grid densities, and experimented
with the degree of crystal deposition. using the 3D printer as the matrix for crystal deposition allows for more flexible
modeling.

Keywords:3D printer, by-product salt, SDGs
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Consideration of Requirements to Make Media Device for Expression
Using Hygroscopic-morphing of Tracing Paper
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[Abstract]

Tracing paper absorbs moisture easily and curls up by the expansion of the surface that absorbed it. Since it curls up
relatively quickly and can be processed in various ways, we thought it would be visually pleasing as media for expression.
We previously examined the controllability of the morphing of tracing paper on the premise that it would be used as media
for expression and showed that it was possible to control the morphing roughly by adjusting the amount of moisture
absorption, with a characteristic flutter. Here, we propose a method of evaporating moisture in the gauze with heat to
absorb moisture on one side of the tracing paper and a method of temporarily returning the morphing to its original shape
by ventilation to create a media device for expression making use of its property. In addition, we prototype the device
using these methods and present examples of expression.

Keywords: tracing paper, hygroscopic-morphing, media for expression, display
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Seeking the expression of leaf vein and new type of umbrella with wire printing of large 3D printer

IREHEA ', FERE F)IIBE° REER " Bttt ®
Takuto SAKATA!, Tatsumi ABE?, Yuki NAMERIKAWAS3, Yasutomo MATSUOKA* Hiroya TANAKA3

'BEEZKRTFE RREFEHRFH

'Faculty of Environment and Information Studies, Keio University
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[Abstract]

In this research, we brought up “leaf veins” as a subject of subtle expression by wire printing using a large 3D printer.
We picked a real leaf and prepared G-CODE data from tracing the real leaf vein to print. The data created by tracing the
veins of a real leaf which we took is output under the control of G-CODE. Water-soluble filament and temperature-
sensitive filament are used for output, and we will explore a method of unique expression to 3D printing that can change
its shape and color in response to changes in the environment, just like a real leaf. We explore the form of leaf veins and
the way of controlling shadows from the structure and explore the possibility of creating a new umbrella that expresses
sunlight through trees by piling up.

Keywords: large 3D printer, wire print, G-CODE, leaf vein
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Reproduction of polyurethane foam characteristics with a 3D printer,

And application to automobile seats
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KAFFETIE, 3D TV ZEAWTRITLZ L 74— LD LRGSR IE L35 (i A 1 2 38 3 USSR M D L
AT BBV v al ARV L 2 74— MM OBUERERGE ORISR Kelvin 14 mAEL, BEFRYY
VAT =26, BEOBD V2GRSO T oy 7 T EERIL T2, 11 KE Carbon #184 3D 7
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[Abstract]

This research is about poly-urethane foam structure modeled with a 3D printer. Based on the observation results, the
structure was designated as a Kelvin tetradecahedron. Block samples with an existing poly-urethane foam and made by a
3D printer were prepared. The Structure 3D printer was manufactured by Carbon, USA and EPU (Elastomeric Poly
Urethane) material. Young’s modulus obtained by the measurement method introduced in 4DFF 2020 were visualized by
mapping on the Ashby-map. The result will contribute to product development and popularization of various cushion
materials such as automobile seats, and proposal of new test methods that show new value. This time, a racing seat was
produced using Kelvin tetradecahedron as an application example.

Keywords : 3D, mechanical character, Kelvin tetradecahedron, poly-urethane foam
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