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4D Printing for Magnetic Actuation
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[Abstract]

This presentation introduces the concept of magnetic field-driven soft actuators, achieved by dispersing magnetic
particles within flexible materials such as rubber and gels. Such actuators will deform under external magnetic fields,
offering a remarkably simple and electric-wire-free solution. These magnetic field-driven actuators could be applied in
medical devices designed for in-body operation and in the creation of intricate actuation structures.

The proposed magnetic particle-dispersed materials can be directly utilized in 3D printing technology, depending on
the selection of the flexible base material. Furthermore, during the printing process, by applying a magnetic field to the
specific regions of the structure, it becomes possible to "print" magnetic anisotropy throughout the resulting architecture.
By appropriately configuring the magnetic anisotropy, various motions can be achieved even maintaining the same printed
shape.

In this presentation, we will provide an overview of the principles behind magnetic field-driven flexible structures and
their 3D printing (referred to as 4D printing) method. We will discuss the actuation principles and design techniques
involved, and show practical examples using videos demonstrating the operation of the actuation structures.
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Elastic anisotropy of atom-mimetic metamaterials

with face-centered cubic, body-centered cubic, and diamond structures
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[Abstract]

It is known that the elastic anisotropy of real metallic materials varies greatly even if they have the same crystalline
symmetry. Elucidation of the mechanism of elastic anisotropy is expected to provide a new guideline for designing
metamaterials. In this study, we aim to clarify the relationship between the structural symmetry and elastic anisotropy of
real materials and lattice structures. As a result, face-centered cubic FCC-type lattice structures exhibit elastic anisotropy
like body-centered cubic BCC metals. On the other hand, BCC-type lattice structures exhibit elastic anisotropy like FCC
metals. From these relationships, it is inferred that elastic anisotropy is determined by the magnitude of the local internal
energy change during elastic deformation of the material.

Keywords: face-centered cubic structure, body-centered cubic structure, diamond cubic structure, elastic anisotropy, lattice
structure, metamaterial
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Stiffness Switch: Proposal of a Stiffness Controllable Structure by Low-Voltage Pinpoint Heater
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Yutaka TOKUDA!, Tatsuya KOBAYASHI!

"#% X £+t KDDI R & FFEFR
'KDDI Research, Inc.
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[Abstract]

Built-in stiffness control of 3D printed structures using heat has been difficult due to high voltage requirements and
low heating efficiency. We propose a new dynamic stiffness controlled structure whose hardness can be efficiently
modulated by heating only the part of the structure where stress is concentrated. As a proof-of-concept, we have fabricated
a small Joule heater using carbon nanomaterial heating paint and demonstrated efficient dynamic stiffness control method
by attaching the heater to the pillar of a 3D printed H-beam structure. We experimentally showed that the proposed
structure can sustainably control the buckling strength and thus stiffness with a voltage of less than 10 V.

Keywords: heating paint, carbon nanomaterial, stiffness, thermoplastic resin, H-shaped beam, Joule heating
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Focus adjustment mechanism of gel lens by outer edge tension utilizing magnetic soft materials
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[Abstract]

Bifocals and multifocal IOLs improve the QoL of the wearer by introducing a static structure to the lens that allows
the lens to form images at multiple focal positions. On the other hand, we thought that a lens that enables continuous
focus adjustment could be developed if it had a flexible lens and a structure that deforms it as a whole mechanism. In this
study, we employ a magnetic soft material on the outer edge of a flexible hydrogel lens to develop a mechani sm that
enables continuous adjustment of the focal position by an external magnetic field. The gel lens was fabricated based on
the composition of dimethylacrylamide gel with a water content of approximately 90%, and a flexible material with
magnetic particles added was bonded to the outer edge of the molded gel lens. It was found that the lenses could be
deformed by an external magnetic field to adjust the focus.

Keywords: Gel, lens, magnetic material, focus adjustment, soft material
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Challenge to mass-produce final products using soft material 3D printing.
The Road to the Release of the Pururun Mesh Pad
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'Kyoraku Co., Ltd.
*Wacoal Corp.
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OP-04
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Functionalization of Materials for 3D-Printing via Flame Retardants

it ZEAN ER R ERF BHE KEFE S BN ME

Tatsuhito NAKAMURA, Ryo TAKANE, Atsushi SAKAI, Yutaka YONEZAWA, Kazukiyo NOMURA

#{ =+t ADEKA
ADEKA Corporation

(E#]

FBHR A (MEX) 13 b 8 R L CWDFEEEIED 1| D THY, T Tl BB 0B AR s o il 2l
HIEASNL TN, = THIRICES TUXT TAF w21 ZREN R R ERDGE DD ZDFRNED 1 DERMETH
%o DT FAF NIRRT VD BHRF 2N 2 Z & TR KFEAERE T N (TR AR50 B2 B 2 72 PR
LT HTENTED, AWIETITEIAAI ARG LTz PC/ABS 314 MEX 2 3D 7'V 2 CIERL, UL94 YEHLOD PR
BERER T DEINEATIAM L 72, £ ORR, FrE O EERAN 2528 T, BEEER O mOERLZEM L&)
R E O W LA EBLL T,

F—7—F:3D, #FHAE (MEX), 7454k, BHATE, UL94, PC/ABS
[Abstract]

Material Extrusion, MEX, is one of the most promising methods in additive manufacturing of thermoplastics and this
method has been used for the production of parts for automobiles and electronics recently. Meanwhile, performance of
pure plastics is insufficient when applying it to specific applications. Most of thermoplastics are easy burning in nature
and this could be a serious threat to human life when fire hazard occurs, so flame retardancy is required for some
applications. To add flame retardants to the plastics is one of the representative methods to produce flame retarded
materials. In this study, test specimen based on PC/ABS with flame retardant was prepared by MEX-type 3D printer and
its flame retardancy was evaluated by UL94 combustion test. By using specific flame retardant, stableness of material
extrusion stability while 3D printing was achieved and it provided high flame retardancy to PC/ABS material.
Keywords: Material Extrusion (MEX), Filament, Flame Retardancy, UL94, PC/ABS

1. i (@) A ER TN FIETHS, ABS BHIF
3D VT4 270% 3D CAD £5/v¢ 3D V2% PC/ABS 7RAZIIUD < OENATEEMAAE 23 FH AT
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TRIAREREE S AT B2 R0 L A H LW oo i Do LU OBV AT E O 2 X FTMECTH D,
Z i FE R ORIEICE T DLV ST NS, TET T CARMIE TIIMHE 7 47 A Mab ONE MEX i
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ENSINTND Y, HERAN T AT, LI R EIC 0.3 HEHNO5a3 "y REJREIEE 250°C T
BATT DI LI EOM B2 R 2 B T 2RINAI Th D, L 7c 0B | i R SRR H A A E U R SRR
IO EERF O AN HEARIZ LY AT VW TR 250 C CTi%ar N\ REMH 3528 T, ¢ 1.75mm @
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SOBKIE | T ZEHE D EE L TTIE R M A MR LIRSS D #E EZ(2,6-F VL =/LR A7 =—h) (LLF RDP &%) .
BALFEBUTHEEL T 5, R EHEADEKAR U R EEAAI 3D-FRO1 (BH % &)
ZZT 3D VT FEELTUL, BITEIZZL<D AL, AL QIR T T 7 v AT
FIENERLSINTODN, ZO T EA] S A AL,
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