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Overview of the Innovative Composite Materials Research and Development Center
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The "Innovative Composite Materials Research and
Development Center" (hereinafter "ICC"), established by the
Kanazawa Institute of Technology (KIT), has entered its tenth
year as an international center for scientific innovation. A
magnitude 7.6 earthquake occurred near the Noto Peninsula on
January 1, 2024; however, the ICC was not seriously damaged
and research activities were not adversely affected.

In the FY2023, ICC utilization recovered to some extent, even if
not to its pre-COVID-19 peak. In particular, educational use
increased significantly this year, with all first-year students at the
University visiting the ICC as part of their orientation. It is hoped
that many of these students will contribute to the development of
composite materials.

Compared to the previous year, the total number of
memberships received from companies has risen by
approximately 20%, with a notable trend of multiple individual
members from the same corporation. Membership Forums were
held 10 times a year, where a wide range of experts were invited
from home and abroad, including the President of the JEC
Group in France. In addition, the members-only ICC Innovative
Edge was published monthly to provide information.

The ICC is a 'place' for research and development, education,
and collaborative activities. With regard to research and
development, the ICC focused on attracting new project,
resulting in a steady increase in joint research commissioned by
government projects and companies. The efforts of the
ICC-incubated venture company (ICEM), a one-stop link
between companies and the ICC, in fields from prototyping to
evaluation in corporate product development, also grew steadily,
becoming a major external source of funding for the ICC. In
education, student research assistant (RA) activities increased.
In addition, the National Institute of Advanced Industrial Science
and Technology (AIST) started recruiting AIST RAs from among
graduate students at the University. Rooms and other facilities
have been set up for these students to work at the ICC, creating
a cooperative education environment for the next academic year.
To increase collaborative activities, AIST established Japan's first
Advanced Composites Innovation Laboratory (AdCom BIL) at
the ICC, where ICC resident AIST staff and ICC researchers are
together engaged in research and development of low
environmental impact composite materials to meet local needs.
Furthermore, collaboration activities with Fraunhofer in Germany
have been strengthened to develop a base in Germany.

A self-sustaining and sustainable direction was thus established
for Japan in the year 2023 to become a leading international
composites R&D center.
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1 Amendment to ICC management regulations

No revisions were made in FY 2023.

2 Acceptance of researchers

This fiscal year, the ICC welcomed 72 researchers from 50
institutions, marking an increase of 5 members compared to the
previous year and continuing a trend of annual growth. Certain
researchers utilize the ICC facilities as their primary research
base, whereas others bring multiple team members to engage in
intensive research at ICC's rented laboratories.

Notably, this year, 9 researchers from the National Institute of
Advanced Industrial Science and Technology (AIST) joined as
members and established their research space at the ICC.

3 Implementation of ICC users’ initial training and
safety activities

The ICC mandates an initial training program for all new
researchers and users, covering essential topics such as
(1) safety, (2) intellectual property, (3) confidentiality and
publication of results, (4) fraud prevention, and (5) ICC
usage procedures. The number of users has rebounded
to pre-COVID-19 levels, with a total of 93 corporate
researchers and students participating.

Additionally, the ICC conducts refresher training for all
personnel, including new staff, to review regulations and
work manuals, verify qualifications, and ensure proper
handling of organic solvents and hazardous substances.
Furthermore, regular safety inspections are performed to
identify and rectify any areas needing improvement.

4 Patents

7 patents were filed this year, 4 of which are associated with
the COI programs. In Japan, 2 patent applications were filed
and 4 patents were registered. No new applications were
filed abroad, but 1 patent was registered. While the total
number of patent applications has decreased, those filed
during the COI program have successfully led to patent
registrations.
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5 Acquisition of external funding

The total project costs were lower than those during the
implementation of the COI program projects, yet this was a
year in which the ICC was on track to achieve
self-sustainability. The ICC successfully secured 13
external government funds, established 33 contracted joint
research agreements, and garnered over JPY 370 million in
external funding. This success can be attributed to an
increase in memberships and higher fees for equipment
usage by AIST and others.

Additionally, commissioned testing through ICEM—a
venture company originating from the ICC—has
demonstrated steady growth, nearly tripling to JPY 44
million compared to the previous year.

6 Users and visitors

The number of external researchers accepted increased
by 38% year-on-year to approximately 6,300, returning to
pre-COVID-19 levels. This increase was due to the fact
that, for the first time, all first-year students at our university
visited the ICC as part of their orientation tour. Furthermore,
education for working professionals and high school classes
on composite materials were organized similarly to the
previous year. The number of research assistant (RA)
students at the ICC is increasing annually, highlighting the
growing importance of ICC as an educational venue.

7 Security export trade control

The ICC strictly controls the export of goods and technology
under the “Foreign Exchange and Foreign Trade Act.”
Advisors from the Ministry of Economy, Trade and Industry
(METI) provided guidance on efficiently managing export
controls in international collaborative research.

8 Regional science and technology demonstration
center development project

Regarding the use of facilities and equipment developed
under the Ministry of Education, Culture, Sports, Science,
and Technology's “Regional Science and Technology
Demonstration Base Improvement Project” (corrected in
FY2016), five out of the six rooms are occupied as in the
previous year.

9 Operation of the ICC

From FY2022, the "ICC Steering Committee" has been
established to discuss and determine policies on the operation
and management of the ICC. The director, along with
representatives of researchers, engineers, and administrative
staff, convened to deliberate on the operations, research
projects, and staff management systems of the ICC. The
system of sequentially implementing the resolutions continues.
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1 Academic-industrial collaboration Platform and
Project Formation

The ICC serves as an open platform where researchers and
stakeholders from industry, academia, and government
collaborate on research, development, and industrialization.
Efforts are ongoing to enhance its functionality.

In FY2023, new projects are launched based on the ICC
platform function.

A notable initiative includes a collaborative project to
address communal matters between the Kanazawa Institute
of Technology (KIT), the ICC, and the local government. It
was selected in February 2023 for the Cabinet Office's
Regional University and Regional Industry Creation Grants
project. This effort aims to promote regional industrial
creation and university reform in an integrated manner.
Starting in FY2023, local authorities, companies, and
universities will work together at the ICC to research and
develop environmentally compatible composite materials
and their applications.

The National Institute of Advanced Industrial Science and
Technology (AIST) initiated the Bridge Innovation
Laboratory (BIL) project to foster industry-academia
collaboration in FY2023. The first BIL base of the nation
was established at the ICC, with an opening ceremony held
in July. The BIL project leverages AIST's low-environmental-impact
material technology using natural materials, ICC manufacturing
technology, and platform functions to collaborate with local
companies.

Furthermore, as a mechanism to enable industrial sectors
to use the ICC as a platform, ICEM Co., Ltd., which has
signed a comprehensive agreement with KIT, now acts as a
new contact point to promote the use of ICC's facilities and
environment. ICEM has also initiated Cabinet Office
projects to connect local companies located upstream and
midstream in the supply chain with user companies located
downstream.

2 2023 Industry-Academia Collaboration Topics

The ICC has expanded its domestic and international
networks since its establishment and has engaged in
industry-academia collaborations with the intention of
bringing new cooperation and activity opportunities to many
companies involved.

The ICC concluded a cooperation agreement with CU Nord
(formerly the CFK Valley), which constitutes Germany's
largest composite industrial cluster, composites united
(CU). This agreement facilitated an international joint
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Japanese-German research project for three years until
FY2022. This triggered the next phase. From FY2023, the
ICC and CU started mutual newsletter exchanges, which
further promoted a mutual understanding of businesses and
technologies in German and Japanese membership
companies. In FY2023, the ICC published the first and
second issues of its newsletter to introduce Japanese
companies’ initiatives and technologies to a wider audience
within CU.

The ICC also organized a biannual Hokuriku Composite
Conference in collaboration with the Hokuriku Advanced
Composites Materials Association (HACM) to link the
domestic composite network with the international industry
network. The third conference was held in December and
featured leading researchers from overseas and Mr. Eric,
chairman of the JEC Group of France, who were invited to
the conference, promoting exchanges with Japanese
companies and researchers.

Within the composite highway consortium (CHC), which
aims to establish a supply chain for composite materials,
the ICC has promoted activities in collaboration with NCC
(Nagoya Univ.) and GCC (Gifu Univ.). At the SAMPE Japan
Exhibition 2023, a joint CHC booth was organized, featuring
more than 30 companies. In addition, for the seventh time,
the ICC held the composite highway awards, which
recognized and encouraged companies for their
outstanding efforts.

Furthermore, at the triennial international plastics fair IPF
Japan 2023, the ICC was invited to participate in the
organizers' planning zone, where it presented a thematic
exhibition with member companies on the circular economy
of composites.

3 2023 Educational Activities Topics

The ICC's efforts in educational activities at Kanazawa
Institute of Technology have expanded over time.

Since 2012, postgraduate special lectures on composite
materials for working professionals have been offered.
Starting in 2023, these lectures now include credit
recognition, with special lecture | focusing on theory and
special lecture 1l on practical training.

The ICC was also involved in an industry-academia project
at Ishikawa prefectural technical high school, supporting
students' manufacturing projects and conducting on-site
activities. The ICC also organized a special lecture by
Director Uzawa and conducted a tour of the ICC's open
innovation research and development environment for 40
science and mathematics students from Komatsu high
school.

In addition, as part of their classes at the Kanazawa
Institute of Technology, all first-year students (about 1,500
students) participated in ICC tours. As in previous years,
student teams from Japanese universities participating
in the SAMPE Japan Student Bridge Contest received
lectures and practical training on composite material
forming.
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Hik EFEEI—T 1 x—%— : Y. Saito Coordinator of Industry-Universituy Collaboration
#8582 AR / #d% : K. Uzawa Director / Professor
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Grant project for academia and industries in the region by Cabinet Office A project for the creation of new environmental composites for midstream industries
I - B#HFFEE © A. Yamanaka, T. Shirai Researcher, #F# J1—7 1 %—% — : Y. Saito Coordinator
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Development of innovative composite materials for realization of a sustainable recycling-oriented society

([EWf ) EERMREMER~ILFYT )7 ILIZRERF Multi-Material Research Institutel, AIST

=K #IEWTFEE © T. Miki Principal Research Manager, REEREAMEI S IL—TFHE. A, B, 3. SH. EL
: Wood-based Sustainable Composites Group M. Inagaki, D. Shimamoto, M. Seki, M. Abe, T.Kurei, H. Horiyama,
RUY—EAME Y )L—FHA © Polymer composite Group Y. Sugimoto

SMEBEREDO=HDILFH 7 FO—F Chemical approaches to composite material development. FEH #FZ5E : H. Nishida Researcher

ICC (2B 17 B 1hE L il i) REIEE M STHF I EDMEL Method for evaluating interfacial adhesion between the fiber and the resin in ICC
ILIF fiffigE& : H. Yamashita Researcher

1Y IT7R—BMI&B )L O—R@iEDREBE Surface modification of cellulose fiber by diisocyanate
e - 7B #Z28 : A. yamanaka, H. Nishida Researcher, M - #MH $:4f : M. Terada, S. Oda Engineer

HEYM R MBI 3RAERDIRET Study of tensile test method for plant-based materials
FEH AT - M. Terada Engineer, %% - LUA #f3TE& : K. Nunotani, A. Yamanaka Researcher, &7~ #§f : K. Hashimoto Engineer,
Fi#E J—F1R—%— : Y. Saito Coordinator

A1) T+ — LD BDIEE RTM Low-pressure RTM from thermoplastic preform
FaH - %54 ff%EE : H. Nishida, K. Nunotani Researcher, # - £ A [ - g8 £ : N. Inui, T. Sakuma, M. Inagaki Engineer

NEDO Z#7 FC 2% NEDO Innovative FC Project &z - {2 A 8] £ : N. Inui, T. Sakuma Engineer

LCM (ZH(F 2 BETREN T R hAR Y FDFEFE Development of resin flow test bench for LCM
A W3R8 © K Nunotani Researcher, {£ A8 - ¥ $f0 : T. Sakuma, N. Inui Engineer

BISEARAAEEMIEERA VYR T+7IL AVRY Y hORF 7O AFIFE Approach to the sustainable composite molding process using in-situ

polymerization thermoplastics 714 #f%% & : K. Nunotani Researcher, £ X[ - §z # £ : T. Sakuma, N. Inui Engineer

BREREAWVETLRABFEICESS—2 bV CF 84 /PA6 HEMDIER
Fabrication of large-tow woven CF/PA6 composite using solvent method A #ff32& : O. Ishida Researcher, f#iFH #2£f : S. Oda Engineer

rCF A@gHmZAWERYYIN\TIL>— b0 DBP &2 7OER

Impregnation process of stampable-sheet with DBP using rCF non-woven mats A H fiff328 : O. Ishida Researcher, |PCO_1tH : J. Kitada IPCO

ERNAFEFEZRWEAY b T—T 5% L CFRTP OMHE M 2339 2 M RERENRFIE AT

Evaluation of material flow characteristics for fiber orientation in CTT material using the quantitative evaluation method A3 {328 : T. Shirai Researcher

BiEEA MR ORISR DB Introduction to Moldability Evaluation for Fiber Composite Materials
¥E)1| $26T : M. Horikawa Engineer, B3 + % - HH #fZ% 8 : T. Shirai, K. Nunotani, O. Ishida Researcher

XAV SR A=V VT ICE2ERRE LI=HY bT—F 5245 s CFRTP OfRHMEEC A BRI
Fiber orientation analysis of in-plane flowed CTT material by X-ray contrastimaging H#f - # fiff2& : T. Shirai, Y. Mori Researcher

EHMEYEEF T BNV T TSV 5 L CFRTP O X RAMEIY SR XA =V S iBETH

Evaluation of CTT structure with isotropic physical properties using X-ray phase contrast imaging 7k - B3 #%%& : Y. Mori, T. Shirai Researcher

BREREERAVEERSIRBEFICESAKE FRP Ay FORFK
Large-diameter FRTP- rebar developed using high-speed pultrusion molding with melt impregnation
AZ B : H. Matsumoto Engineer. JIIA& fiff3%& : N. Kawamoto Researcher

Go-Tech F3 1) ORBA : ANAKRRSH THRRAEIEL” dUD 7—7" &IF?
Introduction of Go-Tech Project: What is the “dUD Tape” under research and development at Maruhachi Corporation?
FE IFFEE : M. Nakajima Researcher, XL/\#=X &4t BlF. /\#K : H. Zushi, H. Kobayashi MARUHACHI Corp.

BEMIF FRP /3x)L (A #EiEsER) FRP panel for construction (Fire-resistance structural testing)
hE - HA fFZEE | M. Nakajima, K. Nunotani Researcher, FEEEZHh A4t #&75 ¢ S. Ogata KAJIMA Corp,
HRESHELRF I £% : H. Kamano Kurimoto, Ltd.

ERABEERAVW-RAET L — ROEFES KO ET Continuous Welding Technology for Wind Turbine Blades Using Ultrasonic Welding
W& £ : K. Uemura Engineer. PaH A% 8 : H. Nishida Researcher, {EA R - &z T : T. Sakuma, N. Inui Engineer

FUYEYIREITE—Y 5 3y hDEIF Development of sailing yacht for the Olympics
5[ %60 : S. Noguchi Engineer, #8:2 Fff / #d% : K. Uzawa Director / Professor, & J—7 1 X —% — : Y. Saito Coordinator
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Outcome s from Industry-Academia collaboration adtivities among ICC membership program
*ZaVAVIRIKRE (TUM) AnnaJulia Imbsweiler

*=H{FEH%RX S Mitsui Chemicals, Inc.

* > a0/ \E#kte SUNCORONA ODA co.,ltd.

* IR /59 =49 2k 44t Mizuno Technincs Corporation

* /AR &4 Maruhachi Co.,Ltd.



£80G W02, 03I U1 SaIAID Youwasa|

2023 FEODICC DIAFEEIDHE

Overview of ICC Research Activities in FY 2023
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Yoshihiro Saito Kigoshi Uzawa

Started in June 2014, ICC marked its tenth year of operation
in FY2023. Over the past 10 years, the applications of
composite materials have significantly expanded. In the field
of aircraft, Boeing B787, Airbus A380 and A350, which use
Carbon Fiber Reinforced Plastic (CFRP) for almost all their
airframe structures, are now in service. In the field of
automotive, BMW i3, whose entire body frame was made of
CFRP manufactured by HP-RTM process, was launched in
Japan in 2014, which is the same year of the foundation of
ICC, and when the expectations for expansion of
applications of composite materials in the automotive field
were high. Thus, lightweight, high-strength and long-lasting
composite materials have been expected to significantly
improve fuel efficiency, to reduce CO2 emissions from
mobility vehicles and to become indispensable materials to
realize a sustainable society. In the meanwhile, the global
warming is getting worse and the roles and challenges of
composite materials have shifted to adapt themselves to
realize circular economy. Under the circumstances, a
government-funded project, “Regional University and
Regional Industry Creation Grant Program” started in
FY2023. The two main themes of the project are the
development of environmentally low-impact composite
materials, such as bio-derived materials and natural fibers
and the advancement of manufacturing processes using
digital technology. In spite of its first year, quite a few R&D
have been already being carried out with the local
companies. Efforts to create new business and new
industries, stimulate the local economy, and solve society’s
problems have been made in the BIL project with the
National Institute of Advanced Industrial Science and
Technology (AIST). Establishing Japan’s first Bridge
Innovation Laboratory (BIL) in ICC, the project focuses on
developing innovative composites with low environmental
impact by utilizing ICC's molding technology and AIST's
strengths in molding processes for wood-based materials
and recycling technology. Realizing a hydrogen society is
also the key to achieve a sustainable society. ICC joined the
NEDO project to develop hydrogen storage technology and
has been engaging in the manufacturing technology of high
pressure hydrogen tank with high productivity and low cost.
In FY2023, the third year of the project (2021-2024), we
focused on the development of CFRTP tape preforms and
the demonstration of low-pressure RTM molding process
with new resins .

In addition to these major projects, approximately 30
projects were conducted in FY2023, including ICC’s sole
academic research, joint researches with companies and
grant-funded projects, such as METI’s Go-Tech. ICC’s main
function as an open innovation platform has produced
significant results. Since the first vessel equipped with
“Wind Challenger” started its commercial operation in 2022,
similar sailing systems have been being developed
worldwide as wind power is expected to be effective in
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ICC concept of circular economy on composites

reducing CO2 emissions. Construction of the second vessel
is underway, and ICC continues to work with MOL on the
development of technology for the mass production and
manufacture of hard-wing sails. In the field of wind power
generation, since offshore wind power has been positioned
as a key sector in Japan’s Green Growth Strategy, more
and more projects related to the new industry are being
created. Vertical-axis floating offshore wind turbines, which
have been addressed in the COI project as a unique
technology suited to Japan, are attracting attention and is
planned to proceed to the offshore demonstration phase
through investment in Albatross Technology from domestic
power companies and others. In addition to providing
technical support for the demonstration model, ICC is
working with Fukui Fibertech Co., Ltd. on continuous
blade-forming and welding technologies in their Go-Tech
project. In the field of civil engineering and construction, the
application of FRP rebars is expanding worldwide, and ICC
is developing a mass-production process with Tsudakoma
Corp. with the fund from Ishikawa Prefecture. FRP rebars
are also effective in seismic reinforcement applications and
in the restoration of ports that were severely damaged in the
Noto earthquake, we are also considering future tasks to
contribute to reconstruction assistance through composite
materials.

International cooperation is also increasingly strengthened.
We collaborated with Technical University of Munich, which
was one of the fruits of the joint research with CFK-Valley
(now CU) conducted until FY2022. Plans for FIP program,
which is a collaboration project with Fraunhofer IGCV
(Augsburg, Germany) is also currently underway.

As described above, we conducted a lot of research
activities in this fiscal year and continue to focus on the new
market of Advanced Air Mobility (AAM), hydrogen
tank-related technologies, resin technologies that contribute
to circular economy, and recycling technologies amid drastic
changes in market needs.

An X-ray phase-contrast imaging system was introduced
through membership activities with Shimadzu Corporation
(cover photo).

Image of wind firm by Albatross Technology Floating Axis
Wind Turbine(FAWT)
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Grant project for academia and industries in the region by Cabinet Office R EZE BHHF RIA BB &5h
A project for the creation of new environmental composites for midstream industries ~ Asuhiko Yananaka Takehiro Shirai Yoshihiro Saito
1.13C®IC 1.Introduction
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Fiber reinforced plastics have been expected as light and
high strength materials. With recent development of material
technologies, a low environmental impact has become more
important. Under such circumstances, the "A project for the
creation of new environmental composite for midstream
industries" was adopted by the Cabinet Office as a Grant
project for academia and industries in the region, and it
started this year. In this project, we aim to create
environmentally-friendly composite materials with resource
recycling comprehensively, and to build a collaborative
system by clustering midstream companies in Ishikawa
Prefecture.

2.0utline of the project

In this R&D project, FY2023 was the first year of the project.
The purpose of this project is a creation of composite
materials for carbon neutrality, improving the competitiveness
of companies in the prefecture. and developing new markets.
For this purpose, we promote research on the construction of
environmentally compatible composite materials using
natural materials and manufacturing process optimization
technology that applies digital technology, and further
research on their application to specific applications. Here,
we collaborated with ICEM Co., Ltd. and GSI Creos
Corporation,which have a coordinating function in order to
support commercialization. In addition, we have established a
cooperative system with the Bridge Innovation Laboratory
(BIL) of the National Institute of Advanced Industrial Science
and Technology (AIST) within the ICC. Figure1 shows the
cooperative system of this project.

Coordinate (ICEM, GSI Creos, ISICO)

[ Cluster of midstream companies \
in Tsh ikawa prefecture

Plant based materials

Lampan)f

?ﬂf i
Upstream -

companies

k\.« Company

New composite with
low environmental
imnact

——

Compa_'[_ldy/; \

"“‘\ Downsiream
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Resource of the specialists (students and working adults)

BRARRZMEZNLCRBEESNESHEICH N SRR

NFETORRMEEFLLETIEAGMPIREFRETR
FRAVY D HI2EDDHEERDIRILF—NKRELI B (S
IEDBERYATLADNEIILTWAEWI EABETH S, Z T,
AR TIER2ICRTRICIRM - HRICHEED TIMI I H
B 2R CUEE|ICWV2B8RBEREZHRENICERA . EVOE
- RIERMN. B O > — MBI RARBREMEZAL
FEAEMHRFT EE6MHORE 7O AR MR UERERE
YIS FT—VOEELED TN,

ATFIINYAVEERFRAULEETOLADSELHAR

BEEMBEEAEOEBMRREERED MEDOERLZ D
BEERBEICIDBECHEERLENRLIRAUMRTHD. &
VEAEMBNORE 7Ot G ETIE BIEORE CH > THH
LEMLERERI O RBROEAMNONENRE LA
WEWSHBENELCZEEDH 2. AFETE RBICRTTYY
WAV ZEIFLHET DY IaL—avFEEFTAL UMD
BECPEAMBNORGF BETOCAORELCREEZRD EE
MROREPSEEOOM L RAEBEOERELRE(CIOET
cELTW2,

5.245MB 77U —a v OBEAMR

HRDNRREAREAMHOBELREERMZERL. BAE
W7 TV =2y ADOERZEMSENT20HFELTULE
VIEZICENEGDEELCPRIEKOCO2FLEIREN 2B TH
ZEBENTADEA. FEALLHEFEROIX MEMI T
ERETHIURIVISHBFEY -yl T HOZ—X
DEDNYIFPAMIEN BRI - BELEEELUBBEED
BlAEZR>TW,

Planning a strategy and vision of new composites
with low impact environment.
-- Quantitative impact envir of new

composites by LCA. ——- Plant cultivation
technologies for fibers

Establishment of supply
chain for recycling
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Material design of
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Manufacwﬁns from
plant to technologies

== plani-based composites.

3.Development of bio-based composites materials with low
environmental impact.

Conventional composite materials mainly made of carbon
fiber have the advantages of light weight, high strength, and
longevity, although the energy required during manufacturing
is large and recycling system has not been established.
Therefore, as shown in Figure 2, the resource cycle from
"materials" to "disposal", that is to say “materials”,
processing”, “consumptions”, and “disposal” are discussed
comprehensively in this study. We will develop the plant
cultivation technologies for fibers, manufacturing from plant to
fibers and fabrics, material design of plant-based composites,
and molding process with low environmental impact. We will
also promote the construction of resource recycling supply
chains and plan a strategy and vision of new composites with
low impact environment.

4. Research on the sophistication of manufacturing processes
using digital twins

It is known that most of metallic materials are isotropic, on the
other hand, composite materials are anisotropic. That is to
say, the strength and elastic modulus depend on the
orientation of the fibers and their lamination structures. In
addition, in the molding process of the composite material, the
fiber also exhibits a complex behavior with the flow of the
resin, so that the physical properties of the composite material
after molding may not be stable. In this project, we will use
simulation methods such as digital twins to improve the quality
and yield of composite materials and shorten the development
period by selecting materials, designing composite materials,
and optimizing the modeling process in Figure 3.

5.Specific application

Utilizing the aforementioned advanced manufacturing
technologies of environmentally compatible composite
materials, we aim to apply them to specific applications in
order to create local industries with the aim of
commercialization and commercialization by back casting
from exit needs. In terms of focus areas, we will apply to
automobile structures for reduction of weight of bodies and
COz2 emission during manufacturing due to the shift to EVs,
etc. We also will apply to the social infrastructure field. Aging
and increasing maintenance costs are social issues.

terial flow simulat

fabrics.

* Eoimenl it
: :
Kanazawa Institute of Technology (KIT)

Figure 2 Development of plant-based composites with low impact environment. Figure 3 Digital twin for the sophistication to optimize

Figure 1 System of the project for development of new composites low environmental impact. the press molding process.
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Development of innovative composite materials for realization
of a sustainable recycling-oriented society
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Figure 1 Development of 100% naturally derived,
recyclable composite materials
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[Purpose and implementation details]

The KIT-AIST Advanced Composites Bridge Innovation
Laboratory (AdCom-BIL) is aiming to create innovative
multi-structured materials with CO2 emission reduction that
contribute to build a circular economy by combine KIT’s
composites molding process technology with AIST’s wood
modification and molding process technology. Consequently,
researchers from the wood-based sustainable composites
group and polymer composite group from AIST are
participating in AdCom-BIL to apply elemental technologies,
such as techniques for plastic-flow molding of wood-based
composites, multi-materials processes for wood-based
materials and dissimilar industrial materials, evaluation
methods for recycled carbon fiber (elastic modulus, strength
distribution, friction, adhesion strength), application for
recycled carbon fiber and high-speed resin curing for CFRPs.
Researchers from AIST and ICC are collaborating to perform
main two research themes.

(MThe development of resource-recycling composite
materials (Figure 1) involves the active utilization of natural
resources, such as bamboo, wood, and biologically derived
resins, for wood plastic-flow molding techniques with the aim
of biomass-exclusive use and the creation of new recycled
composite materials that are comparable to existing industrial
oil-based plastics.

(@The development of competitive composite materials with
low environmental impact (Figure 2) involves appropriate
utilization of newly developed materials in (1) and recycled
industrial materials, such as recycled carbon fiber, to create
parts and materials that meet the required performance. The
aim is to develop components and products that have
acceptable good mechanical properties as well as contribute
to improving the comfort of living spaces.

Double belt pressin@
@ Fireproofing

High rigidity

Humidity control

Figure 2 Competitive multi-material composites
with low environmental impact
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Chemical approaches to composite material development.
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Reinforcing fibers significantly enhance the strength and
rigidity of FRP; however, without chemically modifying the
matrix structure, improvements in thermal and chemical
stability are unattainable. Furthermore, chemical
modifications can profoundly alter the FRP manufacturing
process.

This article provides an overview of the chemical strategies
employed at ICC, focusing on a matrix resin developed to
rapidly produce tack-free thermosetting tow prepregs, which
do not leave resin residues on the paths of automated
lamination equipment. And also adhesiveness imparting
technology for poorly adhesive resins such as
dicyclopentadiene (DCPD) will be introduced.

Matrix resin that enables high-speed production of
tack-free thermoset tow prepreg

The matrix resin facilitates the high-speed production of
tack-free thermoset tow prepreg. Additive manufacturing
(AM), particularly highlighted by the proliferation of 3D
printers, utilizes Automated Tape Placement (ATP) with tow
prepreg reinforced by continuous fibers. This approach
enables the production of components with practical strength
for actual products. The development of a specialized
molding head and prepreg that can be integrated into a
compact robot is particularly valuable for industries producing
diverse, small-scale FRP parts in limited quantities.
Therefore, ICC has developed a novel epoxy-based matrix
resin with exceptional rheological properties, allowing for
rapid impregnation during tow prepreg production. This resin
becomes tack-free post-impregnation, facilitating robotic
handling, and regains tackiness for automated placement.
The formulation of the resin includes solid epoxy resin, a
latent hardener, and a low-viscosity acrylic monomer,
supplemented with UV and REDOX radical initiators. As
depicted in Figure 1, the coating process involves
impregnating a low-viscosity resin composition into the
carbon fiber tow from a bobbin. Following UV irradiation in a
UV tunnel, the surface of the tow becomes tack-free.
Although the acrylic resin within the tow remains
unpolymerized at this stage, it is wound onto the bobbin and
undergoes complete polymerization through REDOX
polymerization during storage, resulting in a hot melt type
thermosetting tow prepreg.

Adhesiveness imparting technology when using DCPD
(Dicyclopentadiene) as a matrix

Initially, a silane coupling agent was prepared to serve as an
adhesion promoter, which integrates into the crosslinked
structure during the curing process of DCPD, as illustrated in
Figure 2. Subsequently, the integral method was employed,
involving the direct addition of this agent to the resin. This
approach eliminates the need for an additional surface
treatment process for the reinforcing fiber, thereby offering
significant industrial value as commercially available glass
fibers can be utilized directly. Upon investigation, it was found
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highest compatibility with DCPD resin among the
commercially available options. Furthermore, the
incorporation of a newly developed adhesion promoter
enabled the achievement of high strength in the composite,
comparable to that of epoxy resin-based glass fiber
reinforced polymer (GFRP). It is hypothesized that the
surface treatment of glass fibers with a silane coupling agent
introduces numerous silanol groups to the surface, thereby
enhancing the effectiveness of the adhesion promoter, as

ICCICH 1 B AE & kit D SR E A Sl F R DML

Method for evaluating interfacial adhesion between the fiber and the resin in ICC IR

Hiroshi Yamashitta
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depicted in Figure 3.

Carbon Fiber Tow
Bobbins

UV irradiation tunnel
(mirrored inside)

=

Tack-free tow prepreg
bobbins

Coater capable of high-speed
impregnation with low-
viscosity liquid resin

Figure 1 Mechanism for rapid production of thermoplastic tow prepreg in the air using radical polymerization
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Figure 2 A new silane coupling agent that bonds DCPD resin and glass
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Original surface of glass After treatment with a Contact with adhesion promotor

There are very few silanol silane coupling agent More adhesion promoter molecules

groups. The number of silanol groups are able to form chemical bonds
increases. with the glass surface.

Figure 3 The principle by which adhesion promoters bond to glass surfaces that have been pretreated with silane coupling agents
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Figure 1 Schematic diagram and device image of fragmentation test

Pul
[Pull out] Resin

droplet

Figure 2 Schematic diagram and equipment of microdroplet test

In fiber-reinforced plastics (FRP), the interfacial adhesion
between the fiber and the resin significantly influences the
mechanical properties of the material. At ICC, we assess this
interfacial adhesion using two methods: the fragmentation test
and the microdroplet test, which are described below.

1. Fragmentation test

The fragmentation test, depicted in Figure 1, involves
embedding a carbon fiber (CF) monofilament between layers of
resin film. This assembly is then integrated through hot
pressing to form a dumbbell-shaped specimen. After the tensile
test, the specimen is stretched, and the length of the fractured
CF is recorded using a camera to calculate the interfacial shear
strength (IFSS). This method is straightforward and does not
require specialized equipment. However, the challenges
include accurately aligning the CF monofilament and limitations
with non-stretchable resins.

2. Microdroplet test

Figure 2 illustrates the microdroplet test procedure. In this
method, a resin droplet is applied to a CF monofilament. The
specimen is then mounted in a testing device, where the
droplet is clamped between blades. The IFSS is determined by
measuring the maximum load during the pull-out process. A
unique aspect of ICC's approach (Figure 3) involves drawing
the CF monofilament through molten resin to coat it uniformly.
Subsequently, the coated monofilament is heated from both
sides to form a well-defined resin droplet.

These methods enable the precise evaluation of interfacial
adhesion, which is crucial for optimizing the performance of
fiber-reinforced plastics.

Monofilament

Ij; v o
o Adhesive

Melt resin

Figure 3 Schematic diagram of the preparation
method for the microdroplet specimen
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Surface modification of cellulose fiber by diisocyanate R EE FH BEFF e SR FEH XX
Assuhiko Yamanaka Matiko Terada Shiho Oda Hisofumi NMishida

EE EILO— LRSS 2EEaMEHESU—>O Recently, cellulose fiber-reinforced plastics have been
VYRS RELTHEBINTWAEN . YR 2B DESE L recognized as promising green composite materials. The
I RERE IINEA 5 2EELRAFTH 2. AL TIEE adhesion between the reinforcements and matrix resins is
CRETRCEILO—RBEDKEEADT 1YL T 2— kO crucial for mechanical properties such as bending properties. In
M. SBI2PS S EDERI-ED. TRESBROT S L— Ml this study, the hydroxyl groups on cellulose fibers were modified

o ] A X with diisocyanate to form amino groups on the surface (Figure
EDLPRBICIDERNERN L2, £ LILH—AMHERE 1). This modification potentially enhances the adhesion between

(EITIZNAIY IV T7R=M(MD)ERHESE.80°CT  cellulose fibers and epoxy or acrylic resins through chemical
SEBIMBNEEITS>E MLIVICEDERRIGOMDIZBRZE coupling. Initially, cellulose fibers treated with methylene
LTz XPSICEDBONHEREOZERTREE(N/O) dipheny! diisocyanate (MDI) were cured at 80 °C for 3 h and
MDIME 2 & D204 (2T £ F2(1ZFT-IRA~R%Z ~ subsequently washed with toluene to remove unreacted MDI.
LERTHA MDIULIE-E29 LoV EAmEDHILR-ILOE The increase in nitrogen content on the fiber surface (N/C)

Sms g following MDI treatment was confirmed by XPS, with the
EJZ VRS BN L E Dt —_ Zﬁ&{ﬁ%ﬁ D
ﬁﬁ :7 ;7‘ foe MLESD  MDIOEILE — A8k AN increase ratio being approximately 20 times. Furthermore, the
MERS TS T,

FT-IR spectra of the modified cellulose fibers displayed a
carbonyl stretching peak indicative of urethane (Figure 2). Thus,
the chemical bonding of MDI to the surface of the cellulose fibers
was confirmed.

-OH 0=C=N- -N=C=0 -0-CO-NH- -N=C=0 -0-CO-NH- -NH2

MDI
Celluloce Fiber

Figure 1 Schematic diagram of modification of cellulose fiber with methylene diphenyl diisocyanate.

Carbonyl in urethan
(O-(C=0)-N-H)

Cellulose f\
modified by -’
MD1 /
n I_a"’

M R
.-"J
_—

-N=C=0
Cellulose

2450 2250 2050 1850 16500 1450 1250

Figure 2 FT-IR spectra of MDI, cellulose, and modified cellulose.
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Study of tensile test method for plant-based FH BFfF

materials Maziko Terada

EYRHRHE A AW RFEEEERLTIITLYR
Y—BRUEMELTHFEZED VWD, A—AV/ATIET TIC
Hemp®FlaxAFIBINTULSH . TNOICDWTIIEAICEDS
TEBBRVDHPRRTCH D, ZZCTICCTIF.BERATESICA
FCELZREREYD—DOTHIMOLICEBL. ZDBI{EME
LTOBERATHEEARFT LTV EYRBIEMDOEEELT
B EMIGEVWEDDOBREZEL IO —AMEICESDET
BRAREDNEESNIN . AARTIIEMICHT=2TMOLDE
IZDWTEIRB MR FF L 7.

K135 REABROBRAEZ R LT, (a)whole stem(ZfEH 5D
27T, (b)split stemFZNEH W =EDTH 2. K2(CIFsplit
stem&whole stem(CHITHME L BETDEZFEDBERZ R
LI BEEDBEDOFHIEZNZTN14.5 cN-km/g&11.2
CN-km/g T . ZEREUTT10 %&9 % TH>7=. thE E LT Flax
DWMADSRABRERRDORM TR L. FlaxD5I5RBHEED
BEOFEHEETHFEBIZNZNI10.0 cN-km/g& 9 %T.
whole stem& (ZIEFRZETH T,

LEXD fEHLOERAWEFRPIIENEZEL LU THKET 5 A8
HOHEOLT BT ITEICEITDMEMBDFRPEEDER
BRESEBEICIATEITREMELH S,

(a) whole stem (b) split stem

Figure 1 Specimens for tensile test: (a) whole stem, (b) split stems.

ma BE L EE BER HNES B #3A
Katsuhiko Nunotani Asuhiko Yamanaka Kaow Hashimoto Yoshihizo Saito

Plant-based materials are expected to serve as more
environmentally friendly reinforcement materials compared to
traditional glass and carbon fibers. Although hemp and flax are
already utilized in Europe, they need to be imported. Thus, the
ICC has turned its attention to rice straw—a readily available
agricultural waste material in Japan—to explore its feasibility as
a reinforcement material. These plant-based materials can
range from forms close to their natural state to refined cellulose
fibers. This study specifically assessed the tensile modulus of
the raw material, namely, the rice straw stem.

Figure 1 illustrates the specimens prepared for the tensile test:
(a) the whole stem remains intact, and (b) the split stem. Figure
2 depicts the relationship between tex (the measure of fiber
fineness) and the elastic modulus index for both split and whole
stems. The average elastic modulus index for split stems was
14.5 cN-km/g, with a coefficient of variation of 10%, and for
whole stems, it was 11.2 cN-km/g, with a coefficient of variation
of 9%. For comparative purposes, tensile tests on twisted flax
yarn were conducted under identical conditions, yielding an
average tensile modulus index of 10.0 cN-km/g and a
coefficient of variation of 9%; these values were roughly
equivalent to those of the whole stems.

These findings underscore that FRPs utilizing rice straw not
only hold promise for development as a domestic industry but
also for fostering a resource circulation structure within the
locally produced and consumed FRP sector in East Asia.
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Figure 2 Relationship between tensile modulus and tex in rice straw stems.
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Low-pressure RTM from thermoplastic preform
Hivofumi Nishicla

RRKDRTMTIE NIV —TCHREFEEMSE LIRS
TrAN—(BEEREZT7AN=)TTY 74— LHERINT
WBNBREDF vy THMED T W=, ZDHEDRTM O
CRATHRREIBEIATIR. ERICHEBICHEAIND. £
o NA 7Ly v —RTMEBREDKEND TEHBRIEME
BOEAAERBERCINDZZEDH B,

ZITICCTIE RFEMMBENVICEHERMEZS RS TEHR
ICEASERILICENBTEBEHNI T IL T AEETEE
L.ZORBEFUEEFBLTTY 74— LB EHELERER
RTMTEEERSLUBRELMIE2E/HEARTMY R T L%
REUCAFRICLDEERRBE CHIEANDRIERR IR
MNEICETLTWRH. ZUTZLIBOF vy 7 ICOHEES
BIENEIK BEECELERBE TERARTTIELIENTE
5. TSRS ESN AT BEEBELZESSIELBIELER
BTWARWE#EEZ ZNZNERLEED VaRTM (2H1757
A—70YhORIEREOLBEN L. AR BEABEDERADE
MHEIERELN TH S,

OB LI TVTLI DTN Yo RS TH B AT B S
N RTMARELEBIEICARCELRETRMR LS 2 1EBE
BT IHIEOEAEOEERIRTZZEICED RTMTHRES
NBEBICER— AL LTy —LL RRFRPESHIEETE 2,
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Katsabiko Hunotan Wobuaki i Tadashi Sabuma Masali Inagaki

In conventional Resin Transfer Molding (RTM), preforms are
created using dry fibers, which are not yet impregnated with
resin but have been imparted with shape retention using a
binder. However, due to the extremely narrow gaps between
the monofilaments, the impregnation process, which involves
injecting liquid resin, is significantly prolonged. Consequently,
large-scale, costly equipment such as high-pressure RTM
systems need to be introduced inevitably. To address this
issue, ICC has developed a rapid RTM system. This system
involves the production of a thermoplastic tow prepreg at high
speeds by impregnating a carbon fiber tow with a low-viscosity
resin and polymerizing it in a linear chain. Subsequently, a
preform is created using the shape retention of the tow
prepreg, followed by rapid impregnation and curing using
low-pressure RTM. In this method, as the resin has already
impregnated the monofilaments, the remaining task is merely to
fill the gaps between the prepregs with resin. This allows for
rapid impregnation even at low pressures. Figure 1 illustrates
the enhanced flow front advance velocity in VaRTM when using
thermoplastic-impregnated fibers compared to
non-impregnated fibers, which highlights the benefits of
pre-impregnation. Furthermore, by selecting compatible resin
combinations, the thermoplastic matrix resin of the tow prepreg
can dissolve, at least at the interface with the thermosetting
RTM resin. This enables the resins to meld during the RTM
process, resulting in a seamless FRP product.
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Figure 1 Changes in flow front displacement over time in VaRTM when using various tape-based substrates and dry fiber-based substrates
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NEDO Innovative FC Project
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Figure 1 Laminate configuration of the dome part
and joint part for the demonstration tank

Trajectory on the hemispherical
surface of the towpreg extended
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As a part of the NEDO Common Problem-Solving
Industry—Academia—Government Collaborative Research and
Development Project, the Kanazawa Institute of Technology
ICC, Tokyo University of Agriculture and Technology, Nihon
University College of Industrial Technology, and Mizuno
Technics Co., Ltd., are collaboratively developing innovative
hydrogen storage tanks for Fuel Cell Vehicles (FCVs).

1)Development of ultrahigh cycle manufacturing technology
for high-pressure containers using low-pressure RTM (split
preform, two-stage impregnation):

Utilizing CFRTP tape, the team explored the production
process for split preforms tailored to the cylindrical and dome
sections of a prototype tank. The preform designated for the
cylindrical section was configured with a winding angle of
+55°, identified as optimal for managing internal pressure.

2)Verification of the manufacturing process for the dome
section:

As depicted in Figure 1, the research examined the laminate
arrangement for both the dome and the joint sections of the
prototype tank. Towpreg, cut to specified lengths, was
layered onto the hemispherical dome at a foundational angle
of +45°. The joint section was designed to achieve a bonding
strength comparable to that of continuous fibers by
alternating layers of the extended section (illustrated in blue)
from the cylinder at +55°and the dome section (displayed in
red) every two plies, with a lap length of 20 mm. The tapes
were oriented circumferentially to enhance strength around
the tank's upper opening. Additionally, as illustrated in Figure
2, a dome preform prototype was created using resin A
towpreg. A flat-expanded sheet was configured with overlaps
in a spiral pattern to attain the desired orientation angle
during molding. It was verified that the two-ply laminated
sheets could be integrated with PA nonwoven fabric,
enabling the successful production of the intended dome
preform through heating and molding.

45°

Unified with PA veil Heat shaping

Figure 2 Example of a dome preform using resin A towpreg
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Development of resin flow test bench for LCM
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Figure 2 Schematic diagram of the test bench
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Liquid composite molding (LCM) is a widely utilized process for
molding FRPs. This method offers several advantages,
including a diverse selection of resins and reinforcements, as
well as high-quality molding outcomes. Recently, LCM has
been explored for use with recycled carbon fiber (rCF) and
plant fibers as reinforcements. In LCM, a low-viscosity liquid
resin is impregnated into the reinforcement, rendering it crucial
to assess the resin's permeability through the reinforcement.
Typically, permeability values are determined using a
permeability measurement device (EasyPERM®), which
employs vegetable oil as the fluid. However, this does not allow
for evaluation under actual resin and process conditions.
Consequently, a resin flow test bench has been developed to
better simulate real molding conditions.

Figures 1 and 2 illustrate the appearance and schematic
diagram of the resin flow test bench, respectively. This bench
facilitates two observation modes: visualized flow observation
and flow pressure measurement, applicable to
vacuum-assisted resin transfer molding (VaRTM) and
low-pressure resin transfer molding (LP-RTM) using actual
resin. The bench allows for control over various parameters:
visual flow observation can be adjusted from -95 to 100 kPa,
flow pressure measurement from -95 to 250 kPa, and mold
temperature can be set from room temperature to
approximately 100 °C. Figure 3 displays the visualized flow
observation, whereas Figure 4 presents the in-mold pressure
(flow pressure) and resin injection data. Additionally, after
conducting the resin flow test, the resin can be cured within the
mold to produce a laminate for mechanical property testing.
Future studies will employ this test bench and the permeability
measurement device to further investigate resin flow
characteristics in LCM processes.

— b [kP3]
—=30 —— Py [kPa] In-mald E

& —Fxy[kPa] | P ] 300 =
E‘ —— Injection weight [g] A
ERY 150 g
g <
B = o
= 100 &
ERL 8.6g/min =
F-] 5 =

5 5
0 1T i 0
(1. Bmin)
Flow time to each pressure sensor
Injection time [min]

Figure 1 Figure 3 Example of visual
The resin flow test bench observation(0/90 preform)

at 1.8min

Figure 4 Example of in-mould pressure measurement(0/90 preform)
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Approach to the sustainable composite molding process using
in-situ polymerization thermoplastics
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Figure 1 Schematic diagram of the WCM process with in-situ
polymerizable acrylic resin
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Material recycling and reduction of energy consumption during
molding is essential for FRP. The wet compression molding
(WCM) process is currently under development and employs in
situ polymerizable acrylic resin as the matrix and recycled
carbon fiber (rCF) non-woven mat as the reinforcement. Acrylic
resin, specifically polymethyl methacrylate, can be efficiently
recycled back to its monomer, methyl methacrylate, and is
chemically recyclable. Previous research focused on the
formation of flat plates. This report discusses the formation of
3D shapes. Figure 1 presents a schematic of the WCM process
utilizing in situ polymerizable acrylic resin. This process is
characterized by its low energy consumption, as it does not
require resin preheating, operates at mold temperatures below
100 °C, and eliminates the need for mold cooling. During
process development, Arkema Elium® was used as the matrix
resin. The 3D shapes molded (Figure 2) exhibit satisfactory
surface quality and form, thereby demonstrating the suitability
of the process for molding 3D shapes. The WCM process
developed herein using in situ polymerizable acrylic resin
requires enhancements in the methods of resin supply, resin
flow, and the management of over-pressure in the mold. Future
improvements will focus on studying the behavior of resin flow
within rCF nonwoven mats to refine the process.

Figure 2 Test moulding of 3D shapes(rCF-mat / Arkema Elium®)
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Fabrication of large-tow woven CF/PA6 composite using solvent
method
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Figure 1 Cross-sectional micrographs of large-tow CF/PA6
composites without solvent process.
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Figure 2 Solvent impregnation process in this study.
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Large-tow carbon fibers (CF), comprising more than 40,000
filaments (typically 3,000-12,000), have garnered considerable
interest for low-cost industrial applications. Impregnating large
fiber bundles with thermoplastics poses challenges due to the
high melt viscosity of these materials. Figure 1a displays the
cross-sectional micrographs of large-tow woven CF/polyamide
6 (PAB) composites produced through compression molding at
240 °C, 2 MPa, and a duration of 5 min. An unimpregnated
area is noticeable at the center of the fiber bundles (dark area
in the images), with an impregnation depth of approximately
100 ym. Figures 1b and 1c illustrate that increasing the
molding temperature and pressure does not enhance the
quality of impregnation. In contrast, complete impregnation was
achieved with regular-tow CF under identical conditions, as
shown in Figure 1d. According to Darcy’s law, the impregnation
velocity decreases significantly during the molding process
because the large-tow consists of thick fiber bundles.
Concurrently, the resin is expelled from the mold without
adequately impregnating the fiber bundles. In this study, PA6
was dissolved in a mixture of calcium chloride and methanol to
reduce its viscosity, as outlined in Figure 2. The concentrations
of the solutions tested were 2.5%, 5%, and 7.5% by weight.
The volume of impregnation increased with the concentration;
however, it was insufficient to fabricate the composite alone,
and residual calcium chloride was observed at 7.5%. Following
solution impregnation at 5%, compression molding was
performed using layers of PA6 films (240 °C, 2 MPa). Figure 3
presents the cross-sectional micrographs of the composites: (a)
shows resin observed in the center of the fiber bundles;
however, it was not fully impregnated after a holding time of 5
min; (b) demonstrates that the fiber bundles are almost fully
impregnated after a holding time of 30 min. These results
suggest that this method holds promise for enhancing the
degree of impregnation in large-tow CF composites.
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Figure 3 Cross-sectional micrographs of large-tow CF/PA6
composites with solvent process.
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Impregnation process of stampable-sheet with DBP using rCF non-woven mats
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Figure 1 Impregnation process underneath Experiments

aroller in a double belt press.

Model

Figure 2 Schematic of impregnation experiments using
a testing machine.
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Recycling is a critical issue in the carbon fiber industry to
mitigate the environmental impact throughout the lifecycle of
products. This research focuses on the technology of
manufacturing stampable sheets using recycled carbon fiber
(rCF) non-woven mats, with a particular emphasis on the
impregnation process using fixed rollers in a double belt press
(DBP). In this system, the gap between the belts is determined
by the load applied to the rollers, making it suitable for
discontinuous and compressible non-woven mats. The material
stack is compressed at a velocity dictated by the gap and the
belt speed, where the resultant stress arises from both the
compressive stress of the mats and the flow resistance of the
resin (Figure 1). In this study, lab-scale experiments were
conducted to explore these phenomena using stacks of rCF
mats and resin layers (Figure 2). We evaluated the effects of
compression speed and targeted fiber volume fraction (Vf) on
the pressure development and impregnation progress. Figure 3
illustrates some of the results, showing a significant increase in
pressure with an increasing targeted Vf. Subsequently, we
developed a simplified model for the impregnation process.
This model incorporates the relationship between Vf and the
stress of rCF mats, as well as Darcy’s law for resin flow, to
calculate the evolution of pressure and impregnation at each
time step. As depicted in Figure 3, the predicted curves align
well with the experimental data. To optimize the load capacity
of the machine, it would be beneficial to adjust the compression
speed differently at the initial and final stages of impregnation,
as suggested by the developed model.

Cross-head speed: 0.5 mm/min, VE: 20% {b) Cross-head speed : 0.5 mm/min, Vi: 30%
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Figure 3 Pressure and impregnation curves
with different Vf: Experimental and model.

£G0G W09f, 0981 1 SOV Youasa|



50T W09, 981 W1 SN0V Yor0asa|

EENGRIEFEERWV =AY T —F5 V5 LCFRTPD

HEEC 2] [ S 399 B A Rl E R M R

T

Evaluation of material flow characteristics for fiber orientation in CTT material BH# KA

using the quantitative evaluation method

REH R FMME S5 LCFRP(CTT: Chopped carbon
fiber Tape reinforced Thermoplastic) (&, # &AM T
KICEMANEZRBL. TLRBRETY TRRGEDEMPIRE K
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Progress of press mold clamping and matcrial flow
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Figure 1 Result of apparent viscosity measurement
of UDO, UD90 RND CTT
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Takehizo Shivai

Chopped carbon fiber tape-reinforced thermoplastic (CTT)
represents a next-generation material that can be molded into
complex shapes (e.g., ribs) via a single-press molding process.
Despite its potential, the interplay between fiber orientation and
material flow during molding has not been thoroughly examined.
Understanding and optimizing this relationship is crucial for
enhancing mechanical properties and advancing design and
processing techniques to facilitate the broader adoption of CTT.
This study aimed to elucidate the relationship between fiber
orientation and material flow in CTT. The experimental
approach involved using a unidirectional rib molding mold and
CTT material, where the fiber orientation was aligned with the
rib direction. This material was prepared using a robotic cutting
tape lamination machine. Post-molding, the material flow
structure was analyzed. Three distinct fiber lamination designs
were tested: UDO, with fibers laminated parallel to the rib
direction; UD90, with fibers laminated perpendicular to the rib
direction; and RND, with fibers randomly laminated. Figure 1
presents the results of the apparent viscosity measurements of
the CTT material during the rib shape press molding. The
apparent viscosity was determined by calculating the shear
strain rate and compressive stress, derived from displacement
and pressure sensors installed within the mold. Figure 2
displays the results from X-ray CT analysis of the flow structure
of the CTT material in the cross-section of the rib after molding.
A thin metal layer was applied to the CTT material as a marker
to enhance visualization during X-ray CT imaging, and each
layer of the CTT flow structure was visualized. The findings
indicated that for UDO, only the fiber orientation layer parallel to
the rib direction flowed, resulting in low apparent viscosity.
However, for UD90, the perpendicular fiber orientation layer
exhibited extensive flow into the rib, corresponding with a high
apparent viscosity. These observations confirm that apparent
viscosity is a viable metric for assessing the relationship
between fiber orientation and flow characteristics in CTT
materials. These insights could significantly advance the CTT
molding technology by refining the control over material
behavior during molding.

Figure 2 Images of X-ray CT showing the material flow
in the rib area and sketches of the visualization
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Introduction to Moldability Evaluation for Fiber Composite Materials
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Mock-up of automobile parts
(HP-RTM)
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Press molding of fiber composite materials involves using a mold
shaped into the desired product form to deform or flow the fibers
and resin of the molding material. This molding method suits
mass production and application in varied material structures.
The fiber structure of composite material is continuous, such as
woven or laminated, or discontinuous, such as sheet molding
compound (SMC) or random sheets. The resin is thermoplastic,
such as polypropylene or nylon, or a thermosetting resin, such
as epoxy. Typically, the composite materials are combinations of
these fibers and resins. A key advantage of press molding is its
ability to produce complex three-dimensional shapes in a single
press process. However, unlike metals and pure resins, the
fibers in composite materials do not stretch or shrink. Therefore,
for the material to match the product shape, the fibers must be
optimally deformed and flowed by the press mold. If the fibers do
not deform and flow correctly, the molded product may suffer
from poor appearance, including wrinkles and defects, or may be
defective due to reduced rigidity and strength. This complexity
makes evaluating the moldability of fiber composite materials
challenging. The ICC can evaluate the moldability of various
composite materials. Their press molding evaluation dies include
spherical and box-shaped dies for assessing fiber deformation in
curved shapes, ribbed dies for evaluating material fluidity, and
flat dies for evaluating the in-plane flow of resin and fibers.
Additionally, there are evaluation dies that simulate automotive
parts for the high pressure resin transfer molding (HP-RTM), a
process where thermosetting resin is injected into a mold. Very
few research institutes have the evaluation mold of HP-RTM in
Japan. These dies are attached with sensors that can measure
changes in the material state inside the die during molding,
flowing of an assessment of both shape processability and
physical properties, such as the fluidity of the molding material.
These evaluation dies are also available for external use in
collaborative research and contract testing. As a result, they are
useful for evaluation experiments in various development
projects.

Curved surface structure

Rib structure

Figure 1 Photograph of various evaluation mold products.
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Fiber orientation analysis of in-plane flowed CTT material
by X-ray contrast imaging
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Analyzing the fiber structure within molded fiber composite
materials is critical for assessing quality attributes such as
mechanical properties and appearance. Recently, X-ray
computed tomography (CT) has been employed to analyze
these fiber structures. However, X-ray CT presents a trade-off
between pixel size and the size of the observation region,
complicating the analysis of fiber structures in product-sized
samples. Consequently, we have turned our attention to the
emerging X-ray phase contrast imaging technology. In March
2023, the first domestically produced X-ray phase contrast
imaging device was installed at ICC. We anticipate that this
device will support projects across various fields and
significantly enhance the structural analysis of composite
materials. This paper presents a structural analysis example of
a composite material previously unreported. Previously, we
discussed research on fiber orientation and structural
evaluation using chopped carbon fiber tape-reinforced
thermoplastic (CTT) test specimens with a maintained cut tape
laminated structure. In contrast, we have produced a specimen
where the laminated cut tape deformed beyond the fiber length,
disrupting the laminated structure. We subsequently analyzed
the fiber structure of this specimen. Figure 1 illustrates the
experimental method and results. A 100 mm CTT material was
positioned on one side of a 250 mm flat plate mold. A 250 mm
flat plate was then created by press molding, allowing the
material to flow in one direction within the mold. The fiber
orientation along the flow direction of the plate was analyzed
using X-ray phase contrast imaging. The test specimens were
extracted from the plates, and their flexural modulus was
measured to validate the results of the fiber orientation
analysis. The bending modulus of the specimens, both in the
direction aligned with and perpendicular to the flow, correlated
with the changes in the fiber orientation tensors X and Y of the
plate. This correlation confirms that accurate fiber orientation
analysis is feasible even in structures with large fiber flow. This
technique enables the visualization and observation of fiber
orientation and micro-damage structures that were previously
unobservable with conventional X-ray CT.
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a) Method of CTT material
flow test orientation analysis

b) Results of X-ray contrast imaging fiber

c) Result of flexural modulus for specimens
with different cut directions
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Evaluation of CTT structure with isotropic physical properties
using X-ray phase contrast imaging

TEHBRRBHES VY LEABEM B (CTT: Chopped
carbon fiber Tape reinforced Thermoplastic) (. 5w b
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Yurika Mori Takehiro Shiai

Chopped carbon fiber tape reinforced thermoplastic (CTT) is a
press-molded material composed of randomly laminated cut
tapes. Recently, X-ray phase contrast imaging has emerged as
a promising technology for analyzing fiber orientation in
composite molded products. This method evaluates fiber
structures by detecting scattered X-rays, which arise due to
anisotropy in fiber orientation and disordered structures within
the specimen. Previous research has assessed structures
exhibiting anisotropy with a biased distribution of in-plane fiber
orientation. For future applications in quality evaluation of CTT
molded products, it is essential to develop analyses capable of
distinguishing both anisotropic structures and isotropic
components, where the in-plane fiber distribution is uniformly
random. In this study, an automatic cut tape lamination robot
was employed to construct CTT test specimens with both
randomly oriented fibers (Random) and uniformly oriented
fibers (Allover) [Figure 1], as programmed by tape orientation
lamination. The fiber orientations in these specimens were then
analyzed using X-ray phase contrast imaging. Subsequently, a
tensile test simulation model [Figure 2] was developed based
on the finite element method (FEM), which incorporated the
results from the orientation analysis. The simulation outcomes
were compared with actual tensile test results to validate the
accuracy of the fiber orientation analysis in the CTT molded
products [Figure 3]. The comparison utilized a cross-correlation
coefficient calculated from the strain distribution, with a
coefficient value of 0.4 or higher indicating a positive
correlation. The findings revealed that the Random structure
exhibited a high correlation, indicating high analytical accuracy.
Conversely, the Allover structure displayed almost no
correlation, suggesting that the analysis of this isotropic
structure with uniform physical properties was less valid. Future
efforts will focus on developing a technology that quantitatively
measures the degree of anisotropy in fiber orientation
structures using only phase contrast imaging results, without
the need for comparative structural tests.
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Figure 2 Color vector map and tensile test simulation material
property map for two lamination patterns

Figure 3 Cross-correlation coefficient calculated from strain distribution

Figure 1 Results of CTT material flow tests to clarify the relationship between fiber orientation analysis and flexural modulus in X-ray contrast imaging of simulation and tensile test DIC images
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Large-diameter FRTP- rebar developed using high-speed pultrusion molding

with melt impregnation

BRPEEZTEZEONTVE IV I - MMEETIE R
BKHDERNZDEMEESTIERERER > TV D BREK
ELTEEINTWS DM FRPEFEEAE (FRP-REBER) DA
TH2. U WFRPEBARAHICEPRCOV V) — MEEIZ(F
EAVTF YRR ETREGIATRELRD SHITHBHD
BOAHRSZERTEZHAVI)—bDOERELEIRTE
%, (K1)

RIEICCTIE REMME (CF) /R FALL Y (PP) & D%
FIZEMEFRPOY RORAHEICENATWVWS, COIEZE(2014F ~
2022F) TIENFILE 7 74 /N —/PPOMEZMR (D6mM) M54
ZENBBEDHBHZRAE L. SEIZ. SOBRDEEER L
ZERIC.EHROEERMARICIRNEBATNS,
HAEMHECFRPOEEZ TIE WAICL THEED/NEWCFMY
DAREBANEKREIEEERT IO ?NRBERD AFET
FICRELCARERELEBIEPPOEAEHEICLD
BHEINERFERRE L TWSR21EHELIZPT3mDCFRTP
AYRDPITH 2. XEEAGNAREEBETIIH D BMEEE
10m/min LZERTELRAATH D,

|
=\ T ul \.&\L h‘
[ NPN JIA 28
Hizoki Matsumoto Nobuya Kawamoto

Corrosion of steel-rebar is a major detriment to the service life
of reinforced concrete structures, which are commonly used in
bridges and buildings. Fiber Reinforced Plastics (FRP)
reinforcement has attracted attention as a solution to this
problem. Concrete structures containing Corrosion-free FRP-
rebar require minimal maintenance, have a long service life,
and use less concrete because the embedment depth of the
reinforcing bars can be reduced.

We are developing carbon fiber (CF)/polypropylene (PP)
thermoplastic FRP rods. In the COI project (2014-2022), an
FRP- rebar with a stranded wire structure made of small
diameter rods (® 6 mm) with basalt fiber/PP was developed.
We are currently developing a novel manufacturing technology
to improve productivity further.

In the molding of thermoplastic carbon fiber-reinforced plastics
(CFRP), the challenge is to efficiently impregnate the resin into
the inside of the CF tow, which has a small fiber diameter. In
this study, we used a newly developed melt impregnation
method and low-viscosity PP to achieve high-speed pultrusion
molding. Figure 2 shows an example of a prototype CFRTP rod
(®13 mm). Although it is still a prototype made with temporary
molding equipment, it is expected that it will be possible to
manufacture at speeds in excess of 10 m/min.

Figure 1 FRP-rebar reduces the amount of concrete used.
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Figure 2 Prototype CF/PP rod (® 13 mm, Vf 60%) produced
by high-speed pultrusion molding
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Introduction of Go-Tech Project: What is “dUD Tape” under
research and development at Maruhachi Corporation?
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Maruhachi Corporation (hereinafter "Maruhachi") and ICC
proposed the Go-tech Project of METI in FY 2022, which was
selected up to FY 2024. In the interim evaluation in 2023, this
project was judged to be "appropriate," and efforts to develop it
for the final year have recently commenced.

Prior to the project proposal, we extensively discussed the
problems and market needs within Maruhachi and, as a result,
decided to develop a technology utilizing carbon fiber (CF)
scraps, which used to be industrial process waste, considering
the future vision of recycling within the factory. Downstream
manufacturers and others are facing common issues regarding
the environment, recycling, and circulation.

In this project, using Patent No. 6462330, we aim to conduct
research on the high Vf, high orientation, and fiber length
distribution control of discontinuous fiber unidirectional
reinforcement "dUD tape" using recycled carbon fiber "rCF"
and develop dUD tape with an atypical cross section to suit the
molding method. Using this high-quality dUD tape, we will
develop a molding method that maximizes the characteristics of
the dUD tape by fully utilizing 3D modeling technology using a
3D printer and Maruhachi's robot automated lamination
technology or press molding technology, and design
applications such as soles for shoes in the sports field. Design
and develop alternative brackets made of aluminum alloy,
which is also used in rocket parts. Figure 1 presents an
overview of the project.

Currently, the project is under full-scale operation of the
twin-screw extruder installed at Maruhachi, and efforts are
underway to acquire various properties, develop simple
technology for measuring fiber orientation and fiber length
distribution, and perform 3D printing. In addition, we are also
advising companies that have exited the project on the
applications of the technology to materials. Details regarding
this will be reported after the end of the final year.
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AIST patented technology Low environmental impact Target values: Hi
(Patent No. 8462330) recycled materials(Low cost) h De s{;n

>
Bio-based g
polymers High Vf and high fiber  Development and evaluation of molding
orientationFiber length technology that maximizes the

E rCF (Wasted l;// flexibility
H materials within % ress Forming
i the process, etc.}/f:;; ﬂ}"

Average fiber length:2~190pm 5~500um distribution control characteristics of the developed dUD tape.
R&D Team Image to end ucts Press Forming(Maruhachi,)
e Wasted rial:
organization) ‘asted materials
within the Maruhachi™ag, l,f Bio-based polymers Sports and leisure: Shoe soles, etc.
Management process CF
* 1810 Domestic rockets: Brackets, etc.
Research
+ Maruhachi (PL) duUD Tape

« IRl Screws Compounding material

3D printing
Material manufacturing process development Mechanical Properties (Nihon University)
Evaluation (IRII)

and quality evaluation (Maruhachi, KIT ICC)

3D printing
ATL lamination, etc.

Figure 1 Go-Tech Project Overview of Maruhachi Corporation.
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FRP panel for construction (Fire-resistance structural testing)
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Figure 1 Deflection change of an FRP panel under loading
when exposed to temperature against the lower side of the
FRP panel.
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To apply fiber-reinforced polymer (FRP) panels to buildings,
ensuring both human and structural safety from the onset of a
fire until its extinguishment is critical. The introduction of new
materials into building construction necessitates approval from
the Ministry of Land, Infrastructure, Transport and Tourism
(MLIT) in Japan, which is typically granted following
comprehensive demonstration tests. The ICC has been
exploring the development of fire-resistant FRP structures for
buildings within the context of COI projects, as detailed in the
Annual Report for FY2020*. Starting in FY2021, in
collaboration with Kajima Corporation and Kurimoto, Ltd., the
ICC replicated the temperature rise curves of FRP floor panels
coated with fire-resistant material under conditions specified by
ISO 834, which outlines a 2-hour fire resistance standard. This
was achieved using large-scale high-temperature structural
testing equipment to assess the deflection behavior of the FRP
panels under load. The test specimens evaluated in this
equipment included: (1) a sandwich panel with a balsa core
and carbon FRP (CFRP) skins, and (2) FRP pultruded
members manufactured by Kurimoto, Ltd. The support span for
these specimens was 3000 mm. The loading and heating
methods were as follows:

- For specimen (1), the upper side was loaded with a dead
weight of 45 kg per piece, while the lower side was heated.

- For specimen (2), dead weights were hung from the lower
side, and the upper side was heated.

In each scenario, the deflection at the center of the FRP panel
was measured in response to the temperature increase, and
the panel temperature at the point of failure was recorded. The
outcomes of these tests are illustrated in Figures 1 and 2,
demonstrating that the temperature rise in the FRP panels
could be effectively managed using the large-scale
high-temperature structural testing equipment, allowing for
continuous measurement of panel deflection. In the future, the
ICC aims to engage with companies interested in exploring
variations in material and panel structure, as well as the
relationship between these full-scale tests and smaller-scale
coupon testing.
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20 T 240
= i
.E 1
2.10 ! 200
8 e
= i
} -20 t 160 g
& Panel deflection E
‘E =30 120 'é.
B
1 c
= -40 80 ©
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|
o Panel lower side temperature
-60 ” . . - 0
0 60 120 180 - 240 300

Time in Loading (Minutes)

Figure 2 Deflection change of an FRP panel under loading
when exposed to temperature against the upper side of the
FRP panel.
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Continuous Welding Technology for Wind Turbine Blades Using
Ultrasonic Welding
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Figure 1 Continuous welding device
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We have been conducting ICC/COI research on floating-axis
wind turbines (FAWT) in collaboration with Albatross
Technology Co., Ltd. Currently, our focus is on developing
continuous pultrusion and welding technology for wind turbine
blades to create a small-scale demonstration model as part of
the METI/SMEA-Go-tech Project with Fukui Fibertec Co., Ltd.
In floating wind turbines, reducing the superstructure weight
and lowering the center of gravity are crucial for minimizing
float costs. For vertical-axis wind turbines, the centrifugal force
acting on the blades acts as a bending load, which is
compounded by the aerodynamic load. Therefore, there is a
need for lightweight, high-strength, and high-rigidity blades
made entirely of carbon fiber reinforced plastic (CFRP). Given
that blades and arms have a constant cross-sectional shape, a
combined structure of multiple components fabricated via
pultrusion molding is desirable (Figure 1, left). This project aims
to explore pultrusion molding using thermoplastic resin and the
continuous welding of these components.

The following section details our research on continuous
welding.

The components were pultruded using an in-situ polymerized
thermoplastic epoxy resin and joined together by ultrasonic
welding. Although ultrasonic heating is highly, the heat
generation and melting behaviors due to vibration varies
significantly depending on the material, making it challenging to
optimize the joining conditions and control quality. Additionally,
for continuous welding, the pressure-holding and cooling
conditions must be adapted to the moving speed. Furthermore,
new joining technology is required to join T-shaped and
butt-shaped parts (Figure 1, right).

In this research, our goal is to weld the blade skin to the spar
and the skin itself. As the first step, we prototyped a small,
mobile joining device (Figure 2). This device includes a moving
table for the specimen, along with an independent cooling and
pressurizing mechanism separate from the vibration device.
Using this device, we investigated the behavior of materials
when heated and melted under various vibration, pressure, and
cooling conditions, and their relationship with joining strength.

In the future, we plan to use the knowledge gained to establish
an optimal continuous welding technology that is faster and
more productive.

Figure 2 Parts under consideration for welding
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Development of sailing yacht for the Olympics
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Shito Moguchi Kigoshi Usav Voshihivo Sato

The 470 class, a 4.7 m long, mixed-gender two-seater dinghy,
is the closest class to a medal for the Japanese team in the
Olympic sailing competition. Sailing is a sport in which
equipment plays an important role. In particular, the use of
common boats and sails is mandatory among the several
events in the Olympics; however, only the 470-class is given
the freedom in the choice of boat builder and sails. The
construction of the 470-class requires advanced engineering,
including hull design based on fluid dynamics, as well as the
selection of optimal composite materials and molding methods
based on material and structural mechanics.

The ICC has been working on the development of the
470-class since 2016. First, computational fluid dynamics
(CFD) was used to create a molding jig with an tolerance of
less than 1 mm to achieve a ship body shape that was
designed by effectively utilizing the allowable range of
construction rules (5—-15 mm). Subsequently, the molding of the
hull involved the development of a new material with an optimal
fiber direction based on structural analysis to ensure high
strength and rigidity. With the cooperation of SHINDO Co., Ltd.,
prototypes were made of new double bias fabric with +30 or
+60 degrees, as well as of triaxial fabric with an added
0-degree direction, which enabled the appropriate arrangement
of materials within the limits of the hull weight rules. Similarly, a
new rudder that combines strength and rigidity as well as a
small, low-resistance blade based on CFD analysis was
developed by the optimization of new materials and the
laminated structure. This is currently undergoing sailing tests
by the Paris Olympic team. Currently, Japan’s top teams are
using boats made in other countries, but development projects
are underway to enable the teams an advantage by using
domestically produced boats for the next Olympic Games in
2028 in Los Angeles.

ENE) ¥

Figure 1 The 470 class yacht sailing competition Figure 2 Photograph of high-precision  Figure 3 Photograph of the mechanical test

hull molding jig
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of the developed Rudder
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laminates", Journal of Reinforced Plastics and Composite, Vol.43, pp195-204, 2023
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3. Shota Kawasaki, Kimiyoshi Naito, Osuke Ishida, Takehiro Shirai, Kiyoshi Uzawa, “Infrared-thermography measurement of
temperature distribution in carbon fiber—reinforced polypropylene during ultrasonic welding”, Composites Part A: Applied
Science and Manufacturing, 177 , 2024 107887.

4. Osuke Ishida, Shiho Oda, Kiyoshi Uzawa, “Impregnation process of large-tow carbon-fiber woven fabric/polyamide 6
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Yuta URUSHIYAMA, Yusuke TSUCHIYAMA, Takehiro SHIRAI, “Non-Destructive Evaluation of Fiber Irregularities in
Filament Winding Molded CFRP Using Eddy Current Testing”, ENDE2023, 26th International Workshop on Electromagnetic
Nondestructive Evaluation, Jun., 2023
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Atsumi Nishida, Kazuya Mizumoto, Takehiro Shirai, Takahiro Doki, Kazutoshi Fujihara, “Evaluation of Tensile Fracture
Locations of Chopped Carbon Fiber Tape Reinforced Thermoplastic Resin with Different Fiber Lengths by X-ray Talbot-Lau
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Outcomes from Industry-Academia collaboration activities using ICC membership program
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Members of the Membership can be engaged in industry-academia collaborative activity using the ICC as a platform by
accepting as a visiting researcher at our university. This section introduces the ICC internship activities for international
students, the research activities of the membership members, and their achievements. This activity will also lead to
collaboration between companies in different industries and fields, and ICC will continue to promote an open innovative

Interferometry”, The 2nd Japan-China-Korea Joint Symposium on Composite Materials, Oct., 2023
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Anna Julia Imbsweiler
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Investigation of fiber orientation of Sheet Molding Compounds as a guest researcher from !

Technische Universitat Miinchen, Germany
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Anna Julia Imbsweiler

From April to July 2023 ICC accepted me as a guest
researcher during my PhD studies at the Chair of Carbon
Composites (LCC) of Technische Universitat Miinchen (TUM)
in Germany. ICC is newly equipped with an X-Ray Phase
Imaging Device Xctal 5000, developed in a joint effort of ICC
and Shimazu Corporation. With the machine, it is possible to
see the through-thickness prevalent fiber orientation, a crucial
factor in determining the mechanical performance of
composite products. During the research stay, | had the
opportunity to get very fascinating insight into the fiber
orientation in dependency from flow patterns in Sheet Molding
Compound (SMC) parts. The inspected SMC plates were
produced with varying initial charge configurations. Due to the
different obtained flow lengths, the degrees of fiber orientation
in a specific direction varied. The goal of the investigation was
to identify the influence of the flow pattern on the final fiber
orientation, and consequently on the mechanical performance.
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Development of drone blade using thermoplastic unidirectional
continuous carbon fiber reinforced composite material
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Drone blades are typically constructed as either sandwich
structure blades with thermosetting carbon fiber
fabric-reinforced composites using the autoclave method
(CFRP blades) or as short fiber-reinforced composite blades
produced through the injection molding method (Injection
blades). As drone size increases, CFRP blades are often
preferred because of their ability to provide torsional stiffness
at the tip while maintaining a lightweight structure. Recent
developments in logistics drones diverged significantly from
traditional applications, requiring capabilities for automatic
and long-range flight, high payload capacity, and the ability to
land in densely populated areas. These new requirements
introduce critical challenges such as safety, cruising range,
and noise reduction. Drone blades are rotating objects with a
tip speed of Mach 0.3, and the issue of debris dispersibility in
the event of a crash is a key factor for determining drone
safety operation regulations. Mitsui Chemicals, Inc. has
developed TAFNEX® CF/PP —a thermoplastic unidirectional
continuous carbon fiber-reinforced polypropylene sheet
offering a combination of rigidity and shock absorption. When
used as the skin of a sandwich structure blade, this material
produces smaller debris fragments upon fracture and limits
the scatter distance to less than 10 m without compromising
flight performance. A new thermoplastic sandwich structure
blade (CFRTP blade) has been designed using TAFNEX®
CF/PP as the skin material and a thermoplastic foam sheet
as the core material. This next-generation blade is designed
for mass production and recyclability. In collaboration with
ICC, research is being conducted on heat press processing
methods for CFRTP blades to more accurately predict the
behavior of the surface and core materials during
manufacturing.
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Establishment of large-scale CFRTP random sheet mass
production technology and start of product supply to the market
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Using random sheets based on Kanazawa Institute of
Technology's resin reaction control technology researched
through the COI research project, etc., as the original rights
(seeds), we combine spreading fiber technology, resin
impregnation, and scattering and lamination technologies
using SUNCORONA ODA's original yarn texturing technology
and own procedure. We have perfected a new technology
related to Flexcarbon®, a thermoplastic CFRP (CFRTP)
random sheet that achieves both complex formability and high
strength, which enables high-speed mass production
(high-cycle molding in 1 minute) by press molding. Using the
seeds owned by Kanazawa Institute of Technology, we verified
the large-format and high-efficiency manufacturing process of
sheets. Through these developments, we have established a
supply system for mass production, reduced manufacturing
costs, and achieved productivity and sheet quality accuracy of
more than 20 m?/h. We aim to spread a wide range of CFRP
products from human-friendly applications such as wearable
chairs to applications such as infrastructure and automobiles.
The results of this project were implemented under the Japan
Science and Technology Agency's (JST) commercialization
verification program (NexTEP-B, project name: "Mass
production plant of CFRTP sheets for high-cycle molding",
implementation year: 2019 ~ 2024).
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Figure 1 Image of sheet production and sheet utilization.
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Figure 2 Comparison of old and new technologies for thickness accuracy of 1,000 x 1,500 mm large sheets.
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Development of high-speed manufacturing process for thermoplastic tow prepreg
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Takeshi Saito

To manufacture thermosetting tow prepregs (hereinafter
referred to as TP), it is preferable to use a device that applies
and impregnates a liquid matrix resin onto a reinforcing fiber
bundle while conveying it, followed by winding up the
resulting TP. However, when employing a thermoplastic resin
as the matrix, challenges arise because of the high melt
viscosity of the already polymerized resin. However, when
heated and melted, it is nearly impossible to impregnate the
narrow gaps within the reinforcing fiber bundle rapidly.
Consequently, simultaneous development of both the resin
and the device was necessary to facilitate high-speed
production of thermoplastic TP. Through extensive research,
we have achieved a production speed exceeding 10 m/min,
which is considered high for thermoplastic resin TP. The
device is depicted in Figure 1 and can be categorized into
four distinct zones: 1) The carbon fiber heating process,
where rapid heating is achieved using a laser. 2) The resin
coating process, where the heated carbon fiber is coated with
resin using an oiling roller. The heating reduces the resin
viscosity, facilitating easier impregnation. 3) The UV
irradiation process, where the monofunctional acrylate
monomer, blended in the specially developed (in situ
polymerizable) thermoplastic resin, undergoes radical
polymerization initiated by a photo-radical initiator. This
polymerization solidifies the resin, rendering the TP surface
non-sticky (tack-free). The resin formulation includes
non-crosslinked poly(methylmethacrylate) particles and a
photo-radical initiator, which mitigate oxygen inhibition and
expedite the radical polymerization of mono-functional
acrylate monomers. Additional heating in this zone further
promotes polymerization within the TP. 4) In the winding
process, the TP is wound up with a tack-free surface,
simplifying the unwinding process. This integrated approach
to device and resin development has enabled the efficient
production of high-speed, high-quality thermoplastic TP.
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Figure 1 High-speed manufacturing process for thermoplastic tow prepreg
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Figure 2 Thermoplastic Tow Prepreg
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Introduction of New Production System
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Automated Lay-up System for Prepregs
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MaruHachi Corporation (Head office: Fukui; laboratory:
Ishikawa) specializes in processing prepreg/preform
materials, which are intermediate materials used in
fiber-reinforced composites. The company has expanded its
capabilities by establishing a mass production system for the
preform process. This new system complements the existing
one-stop development and mass production processes that
span from reinforcements to prepregs.
The processes cater to both thermoplastic and thermosetting
materials.
The newly implemented mass production system for the
preform process includes the following components:
(1) An automated layup system equipped with visual
inspection and digital process records. This system arranges
unidirectional (UD) and cloth prepreg materials at specified
orientation angles and layup configurations, preparing them
for processing in a multistage press.
(2) The production of preform materials (intermediate
laminates) with a maximum size of 1,300 mm. These
materials are processed at a maximum temperature of 300
°C and a maximum pressure of 5.0 MPa.

Multistage Vacuum Press Machine for Laminates
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The ICC membership program aims to make the ICC a satellite laboratory for members to engage in collaborative

research.

Many technologies can advance and become more practical when the network through the ICC R&D environment and
membership program is utilized rather than by promoting individual R&D.

This year has also seen a number of joint research results, such as those from the companies inserted here. In
addition, industry-industry collaborations beyond the the ICC membership system have started using the ICC as a

platform.
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