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Design, development and evaluation of multi-functional composite materials

Mechanics and Design of Composite Materials
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Our laboratory is engaged in research to design and develop composite materials for energy-harvesting and sensor applications, which helps realize an

internet of things (I0T) society. We focus on composite materials with piezoelectric ceramic particles or magnetostrictive alloy wires and address improving

their strength, function, reliability and durability. Furthermore, we are studying cellulose nanofiber reinforced polymer composites and evaluating the

relationship between their mechanical/physical properties and microstructures to prevent environmental pollution.

EEEGTHE

EBEZIvIRIEHEL, £, BEBRFEOF Y VEYILIVER
(PZT) IS BEME (BA) NEFENTWD s, REGIENREEM
HOBENEEINTWD, AMEETIE. W7V —EEF/HF5H
BRUST—ZIERL. KRRt 7>XF v (CFRP) Z&RELT
BiRELTAW, JOFREMBICHIILT WS, £, RYT—RAER
DEBRIFHESERZRENICELSBIIERIEEEBRF 8
RUNY—DERAEERREL, BEEHIEUCHIER. EREE - i
(FIRENFEHEE SABRE R AR & OEEZEMEBELTWS (Fig.1). S
DERMNEFIND,

WEESHH

BHEEREZTY Th-Dy-Fe B&iF. S VPRERREGRENH
BERSTRD, BERTHZIEVWSIRABBELTWS, Fe-GatE
HEKRICBEERFEZRIN. MIOHULSHERIEDOEEEHST
W3, KIIRETIE. Fe-Co 7Y/ BilsEESMRIZRAL. IREY-
BHEARBICRHILTWS, e, Fe-Co 71V ZR>TTILI=ZULA
BEICEDGACKMEHEIL. BBZERICERIZIBEZEESH
BZREELT BHAELHEERRLTWVWS, 5. YEINBEULE
DHEEEMRIOHIREIRE - HABHELICERBL, BEVAILR
LYY ORBICAT IR ZEDHTWS (Fig.2).

)

Typing Pulyimide I:> E"}
R o Electrical energy

"Vk" L BTOPVDE-TeFE)

Vibeat

thration Functionally graded

picaoslectric composite

Fig.l Schematic illustration of functionally graded piezoelectric
composites for energy harvesting.

Piezoelectric Composites

The poling of carbon-fiber-reinforced polymer (CFRP) composites with a
function such as piezoelectricity is difficult due to the conductivity of
carbon. Here, we prepared a lead-free piezoelectric nanoparticle dispersed
epoxy resin with laminated CFRP electrode layers on the upper and lower
surfaces. A large electric field was applied by corona discharge, which
polarized the composite successfully. We fabricated the piezoelectric
particle-dispersed polymers with controlled structures, the correlation
between the compressive impact and bending vibration power generation
functions and the graded composition distribution was clarified (see Fig.1).
Future developments are expected.

Magnetostrictive Composites

Magnetostrictive Tb-Dy-Fe and Fe-Ga alloys have a wide variety of
applications due to their great capability as sensors and energy-harvesting
devices. However, the difficulty in machinability and the fabrication cost
inhibit their applications as magnetostrictive devices. We have developed
Fe-Co wire/resin composites and have succeeded in generating vibration
and impact. We have also established a technology to embed twisted Fe-
Co wires in aluminum alloy and developed a light metal composite
material that converts impact into electricity. Furthermore, we developed
magnetostrictive virus sensors using the change in resonant frequency
and output power of magnetostrictive composites.

m_ Magnelostrictiee dad pate

Bending vibration

Output voltage

Fig.2 Schematic illustration of magnetostrictive virus
sensor mechanism.
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Fig.3 Cellulose nanofiber reinforced cocoon of a silkworm.

Eco-friendly Composites

We develop high-strength, low-environmental-impact composites by
combining cellulose nanofibers, which are obtained by crushing wood fibers
to the utmost limit, and basalt fibers, which are similar in composition to
rocks, with biodegradable polymers. We also conduct research focusing on
changes in mechanical properties during the degradation process and
research focusing on changes in mechanical properties during the degradation
process.

Other Activities

<International exchange>

*JSPS Core-to-Core Program, “Establishing an International Research
Center for Multi-Energy Harvesting Materials and Devices to Realize an
Internet-of-Things Society”

<Award>

* Functionally Graded Materials Online Forum, FGM Award for
Encouragement of “Design of Piezoelectric Gradient Functional Materials
and Finite Element Analysis of Their Electromechanical Properties”
(Kohei Maruyama, Zhenjin Wang, and Fumio Narita)

<Media coverage>

*Asia Research News, “Changing the Silkworm’s Diet to Spin Stronger
Silk,” February 26, 2021

* Nikkei Business Daily, “CNF for Silkworm’s Diet to Spin Stronger Silk,”
February 17, 2021

* Nikkei Business Daily, “Corona: Providing peace of mind to society with
a virus sensor that requires no power source,” December 7, 2020

*The Daily Industrial News, “Development of Light Metal Composite
Material for High Efficiency Impact Power Generation,” November 19,
2020.

Fig.4 Picture of bachelor students and staffs.
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