I FHEEGHMERAERRELY S -DHRE

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 ninth
year as an international center for scientific innovation.

This is the third year of the COVID-19 pandemic, and
awareness and behavior towards pandemic-related crises have
changed. The number of ICC users showed an increasing trend
towards the end of the fiscal year, as excessive tension
diminished, and infection prevention measures were adjusted
adequately. In particular, the number of visitors recovered to
double last year's figures, which is still half of the peak visitor
count, and the number of research users from external
companies increased by more than 50%.

The digital transformation (DX) of meeting rooms has been
expanded, and a camera-linked reception system with facial
recognition function has been in operation since this year, simplifying
the procedure for second and subsequent visits to the ICC.
Compared to the previous year, there has been a rise of
approximately 15% in the total number of memberships received
from companies, with a notable trend of multiple individuals from
the same corporation joining as members. Monthly membership
forums promoted domestic and international collaborative
activities. These included networking activities with the JEC group
in France, collaborations with research groups in Japan and
Germany, as well as research presentations by the NCC (Nagoya
Univ.) and the GCC (Gifu Univ.).

The COI-KIT "Construction of next-generation infrastructure
systems using innovative materials — Realization of a safe and
secure society that can coexist with the Earth for centuries,"
which was undertaken in 2013, was completed in March 2022.
The new ICC project took its first steps this year as the
post-COl project.

The ICC is a 'place' for research and development, education,
and collaborative activities. In research and development, the
strong focus on attracting new projects has resulted in an
increase in large government projects and joint research
commissioned by companies, proving the ICC's independence in
funding its activities with external funds. The ICC-incubated
venture company (ICEM), which provides a one-stop link
between companies and the ICC throughout the product
development process, from prototyping to evaluation, has steadily
built a track record. Moreover, in education, creating opportunities
for research assistant (RA) activities by our students and
implementing co-op education is anticipated from next year.

2022 was a significant year, showing that relevant mechanisms
for sustainable innovation are in place and that, despite many
challenges, the ICC has demonstrated its sustainability.
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Operating Activities in Fiscal Year 2022
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1 Amendment to ICC management regulations

There were no revisions in FY 2022.

2 Acceptance of researchers

This fiscal year, 63 researchers from 49 institutions were accepted
as ICC members, almost 10 more than in the previous year. Some
members conduct research at the ICC as if it were their own
company for research, whereas others register several members
and conduct intensive research in the ICC's rented labs.

With the recovery from the COVID-19 disaster, global activities
resume through networking with domestic and overseas
research groups at the monthly "Members' Forum."

3 Implementation of ICC users’ initial training and
safety activities

The ICC provides all accepted researchers and users
with an 'Initial training for ICC users' as a condition of use
to be observed when conducting research activities. The
number of ICC users has returned to the levels before
the COVID-19 disaster, with a total of 109 corporate
researchers and students.

In addition, initial training is held every April for all staff
at the center, including new recruits and regular facility
inspections and improvements are conducted by all staff to
ensure safety first.

4 Patents

This year, 17 patents were filed, 10 of which relate to the
COl program. There were five patent applications and six
patent registrations in Japan and five patent applications,
and one patent registration abroad.
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5 Acquisition of external funding

Although the total project cost was significantly reduced last
year owing to the termination of the COI program, the ICC
managed to secure 12 external government funds, an
increase of three. The ICC also secured 54 contracted joint
research agreements and more than JPY 370 million in
external funding. In addition, commissioned testing through
ICEM, a venture company originating from ICC, has grown
steadily, with more than JPY 15 million in revenue, 1.5
times more than the previous year.

6 Users and visitors

Along with the settling down of the COVID-19 disaster,
the number of external researchers accepted was
approximately 4,600, an increase of 18% from the previous
year. Moreover, as the focus is also put on the educational
aspect, students using the ICC for educational and research
purposes and workers participating in educational lectures
were counted.

7 Security export trade control

The ICC strictly controls the export of goods and technology
under the “Foreign Exchange and Foreign Trade Act.”

8 Regional science and technology demonstration
center development project

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) has increased. One company (Mitsui Chemicals
Inc.) was added to the rental lab, and five of the six rooms
are now occupied.

9 Operation of the ICC

The "ICC Steering Committee" was established to discuss
and decide policies on the operation and management of the
ICC. The director, representatives of researchers, engineers,
and administrative staff gathered to discuss ICC operations,
research projects, and staff management systems, and a
system was put in place to implement resolutions.
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While the impact of the new coronavirus continued to be
felt in FY 2022, the MEXT(Ministry of Education, Culture,
Sports, Science and Technology)/JST(Japan Science and
Technology Agency) COI program (national project), a major
project of the ICC, ended in FY 2021 and the activities for
building a post-COl platform began in earnest in FY 2022.

1 A project to create a midstream industry for
environmentally compatible composite materials
utilizing advanced fiber and machining technologies
available in the region

1) A project to create a midstream industry for
environmentally compatible composite materials utilizing
advanced fiber and machining technologies available in
the region

Considering the functions of the center and the outcome of
the research and development (R&D) work of the COI
project, a new project to be positioned next to the COl was
proposed as a new initiative. Subsequently, the local
government of Ishikawa Prefecture took the lead in
establishing a system involving the Kanazawa Institute of
Technology, Ishikawa Prefectural University, and local
companies, and applied to the Cabinet Office for a FY 2022
Regional University and Regional Industry Creation Grant
with the aim of creating regional industries and reforming
the regional universities. The application was accepted in
February 2023, and the ICC is now working with other
universities and local companies to formulate a plan.

2) Bridge Innovation Laboratory Center

The National Institute of Advanced Industrial Science and
Technology (AIST) will launch a new initiative named Bridge
Innovation Laboratory (BIL) in FY 2023, whose aim will be
to contribute to the industry through industry—academia
collaboration. It was just decided that the first BIL center in
Japan was set in ICC for R&D work in the field of composite
materials. The BIL center activities will contribute to the
industry through collaboration between the companies in
Hokuriku and other regions, BIL Center, and ICC.
Discussions are underway with Ishikawa Prefecture, AIST,
and Kanazawa Institute of Technology on the specific
activity measures required.

3) Progress of collaboration between ICC and ICEM Co., LTD.
The ICC has been working to bridge the gap between
universities and companies in the R&D work on
technologies that can be used in composite material
applications. The ICEM started its operation so that it will go
one step beyond the academic framework and enable
companies to work in areas close to product development
and commercialization.
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ICEM has responded to many engineering and production
technology inquiries from companies in accordance with its
comprehensive agreement with our university serving as a
contact point for the industry toward making better use of
ICC facilities and the environment, Thus, it has now
become indispensable to the ICC.

2 2022 Industry—University Collaboration Topics

1) From Japanese - German International Joint
Research Projects to the Formation of New Networking

Two international joint Japanese—German R&D projects
that began in April 2020 in collaboration with Composites
United eV (formerly CFK Valley eV) were brought to a close
at the end of March 2023. The project participants from
Germany visited Japan In March 2023 for a closing meeting
and for a discussion on future collaborations. A networking
event, attended by many companies that worked with the
ICC, was also held to promote new collaborations between
Japan and Germany. At this event, the latest initiatives of
Japanese and German institutions and companies were
presented and interactions among event participants were
promoted.

2) Promotion of Domestic and International Cooperative
Activities

Hokuiku Advanced Composite Materials Association, with
approximately 60 member companies and with its
secretariat at the ICC, is working actively. In FY 2022, the
association took several steps, such as participating in
exhibitions and introducing its member companies to others
by web-site or exhibitions.

In FY 2022, the ICC applied to METI for the renewal of its
J-Innovation HUB system and continued with its activities.
Although the Chubu Bureau of Economy, Trade, and
Industry ceased to support the Composite Highway
Consortium, which has been in existence since 2014 and
includes the ICC, Nagoya University NCC, Gifu University
GCC, and regional public testing laboratories as members,
after FY 2020, each member continued to supply the
required resources to the consortium. The ICC continued to
provide secretariat services as in the previous year.

The sixth joint forum of ICC was held with Kansai FRP Forum,
a group of FPR-related companies in the Kansai region.

The following overseas collaborations were undertaken
during FY 2022: in September, Professor Emeritus
Verpoest of Leuven University in Belgium presented a
lecture at the ICC Members Forum; in October, an online
opinion exchange meeting was held with the PIDC in
Taiwan, with which we have a collaboration agreement; and
in November, we sponsored and hosted the Sustainable
Composite Conference, an international conference
organized by Composites United in Germany. In December,
Mr. Eric Pierrejean, Chairman of the JEC Group, organizer
of the world’ s largest exhibition dedicated to composite
materials and the publisher of the JEC Composites
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Magazine, an international journal, visited the ICC and
presented a lecture at the ICC Members’ Forum.

3) ICC Members Forum and Innovative Edge, an
informative magazine for ICC members

The ICC Members Forum, which is attended by researchers of
ICC member companies and ICC researchers, was held online
approximately once a month, as done prior to COVID-19.

The "Innovative Edge," a membership magazine first
published in 2020 to complement online activities,
continued to be published monthly, with its 39th issue
published in March 2022. Each issue of the magazine
featured the latest trends in technology and industry, with a
special feature by Yoshio lzuka, and included the details of
the JEC Innovation Award Finalists; reports from
ITHEC2022, the International Conference on Thermoplastic
Composites and K2022, the world's largest plastic-related
exhibition; and a report on the Wind Challenger Project,
which deployed a rigid wing sail made of composite
materials for practical use.

3 2022 Educational Activity Topics

The ICC continued to organize seminars, workshops, and
lectures for those working in the industry, utilizing various
manufacturing facilities, testing and evaluation equipment,
laboratories capable of conducting hands-on classes, and
large conference rooms.

In addition, a system was established to allow KIT students
to assist in R&D work conducted at the ICC, under the
guidance of its researchers and engineers, and the
selection of the students have already begun. This decision
of the ICC to provide KIR students with this valuable
opportunity will help them to understand the workings of a
company. The program is also expected to lead to
Cooperative Education, an industry—academia collaboration
undertaken as part of the aforementioned project (A project
to create a midstream industry for environmentally
compatible composite materials utilizing advanced fiber and
machining technologies available in the region).

The special lecture series organized by Kanazawa Institute
of Technology is offered as a graduate school course
intended for working people and has been offered since
2012. It is currently implemented as a joint course for both
working and nonworking people (students). The lectures are
conducted through a combination of online and face-to-face
sessions. Because it is a joint class, the students'
presentations are critiqued by working people and during
practical training, both groups are divided into teams and
have the opportunity to compete with one another during
the testing and evaluation of their molded products.

In addition, as in the previous year, the ICC director and
engineer visited a local technical high school in Ishikawa
Prefecture and conducted classes. In addition, ICC
researchers and engineers served as lecturers at seminars
on molding held at the ICC for students participating in the
SAMPE Japan Student Bridge Contest.



I\%

13

15

16

17

18

19

20

21

22

23

24

26

28

29

30

31

32

34

S50 4(2022) EEDIEES Research Activities in Fiscal Year 2022

2022 FED ICC DIARFHDHBE Overview of ICC research activities in FY2022
ik EFEEI—FT 1 k—%— : Y. Saito Coordinator of Industry-Universituy Collaboration
#8532 PR / #U4% : K. Uzawa Director / Professor, BIF #:% / ##% : T. Sekido Senior Advisory Engineer / Professor

NEDO %%t FC =% (Z®M2) NEDO Innovative FC Project (Part 2)
5 328 : M. Nakajima Researcher, #:% P& / #% : K. Uzawa Director / Professor

Composites United (|H CFK-Valley) R VE#IZDOWT
Collaboration with Composites United, Germany (formerly CFK-Valley)

AH #ZRE : O. Ishida Researcher, FiE EFE# 1—7 1 *—%— ! Y. Saito Coordinator of Industry-Universituy Collaboration,

Bk DEEEEF — L : R. Tohdoh Strategy Planning Team

FHABCEHINSOVRI Y FORF Development of composites used in the space field
PaH - ILF #f%EE8 © H. Nishida, H. Yamashita Researcher, f§iE - f&iH £ : M. Inagaki, S. Oda Engineer

BRISREBEE: UD 7— 70O Molding of unidirectional tape using melt impregnation equipment
LI #2282 : H. Yamashita Researcher

WEY S =y EFAL=ESMEI DB F Development of composite materials using modified lignin
LT #f%2& : H. Yamashita Researcher

BRERERAWES—Y MY CF/PA6 R9VINTILY— R, Fabrication of large-tow CF/PAG laminates using solvent method
AH - dbH #%E8 : O. Ishida, J. Kitada Researcher

Rilsan/CF 7 —7%#ERA LS55 LY — N FL R Pressforming process of Random-sheet using Rilsan Matrix/CF UD tape
FH - BHF #HEE : O. Ishida, T. Shirai Researcher, 3 #%Af : M. Hori Engineer

CTT RBREDTL SV Y ARG E X RAMEA X —2 V7 (L& 2R EES HHEORE

Completely random orientation design of CTT specimen and examination of orientation degree distribution evaluation through X-ray phase imaging

B+ fffZZE : T. Shirai Researcher

BRFBZRWANIMEICLS T L BT R OE R AM IR B HE E RO
Development of in-mold material flow estimation technology during press molding using apparent viscosity through machine learning
H# fffF2 8 : T. Shirai Researcher

RISEARSREMBEZAVCYRTF7IL VKDY FORFE 7O RBH
Approach to sustainable composite molding process using in-situ polymerization thermoplastics
& I8 : K. Nunotani Researcher, f&AfH - ¥ kAl : T. Sakuma, N. Inui Engineer

BEMBEET Ot RICEHZ -5 T HIERTORFE
Development of resin technology that revolutionizes the manufacturing process of composite materials
PEME - LU #ZEE : H. Nishida, H. Yamashita Researcher, figi8 ££ : M. Inagaki Engineer

BERAERICEITS CFRTP DIREIDAIE & ZDFHH Measurement and Evaluation of CFRTP Vibrations during Ultrasonic Welding
JIIE - A= RS : S. Kawasaki, O. Ishida Researcher, #E#T A : K. Uemura Engineer

ShA[BM R BMEE AT MOSRBESH - Eit 7L AT DB F Development of high-precision bending and continuous press
molding technology for thermoplastic carbon fiber composite members

A $ZEM - H. Matsumoto Engineer . 1|7 #f3%& : N. Kawamoto Researcher

RAGRIEE S M EIDORAZFE Molding method used with natural fiber composie materials
MO - tEAR - & - A - $5 5T : S. Noguchi, T. Sakuma, N. Inui, H. Matsumoto, K.Hashimoto Engineer

TiBImICH T 2E 2R K {E The value of impregnation coefficient K in non-woven fabrics
TAZN - #H $2E0  H. Matsumoto, S. Oda Engineer

<704 (2022) E£EDRE : Achievments in FY 2022

ICC AVYN—2yTREBICHITHEZEETIHORSE
Outcome s from Industry-Academia collaboration adtivities among ICC membership program
xRS E2E/EFT  Shimazu Corporation
*HRRSHBEM =4 Mitsui O.S.K. Lines, Ltd.
XIPCO #x =+t / DIC #h &4t / &1t JSP / KEBRERIMNE / S X/ B2t

IPCO K.K. / DIC Corporation / JSP Corporation / Dai Nippon Printing Co., Ltd. / Mizuno Corporation
*T7ILTYHEA S ARKEMA KK.

2022FEDICCOMTRADHRE

Overview of ICC research activities in FY2022

AKEEIFICCRILIDEDPRONBEMAREETH>7COITS
O LT LOEERFIEEOICCOBRY — e >T ./
FEBE LTI AR IOV T I MEC AR I LIS DER®
FEEDHRMAEPNEDO.JAXA BEEMT.Go-TECHE#K
EOBEBNSZEICMA. FEAT. AESOZEEHICOVWTE
RGN ED-ZE T HIEUEICEZDRELDARHEREES
EITS ZEN R FLRARNCOIE L TCHZARRBE IOV TS
FOESERIET P HEBEDEICHS ICCOMEBRIZD
WTREZTW [REIEERAESMR LI TIY LK%
ERULESRMOBE/IOZ22FELT2IET . RERFD
(K- E A E RS EE|ITRIRSN. REELDE
BHERY— P SHBETHI. BREBHOE XD FIERNICERR
MEFOICHRLTED EEMHOBRE-REGOA Yy MM
THRLEMNERT 2V —F25—IT3/I—DERMNEHEL
B2 TWE, TV OWTERBIEAIEDBACENT
BRIZEBLTEBND . BEHEEMEICEWTARARBERTH
B ABETIIINODOAEHARICEDEMOE LIFE. BEELT
SIS EEDRFRREBREENF ISR —EE L TEET
T EEMBERE LIBEXDAIEHNRKEEZETH S,
FRCAZEORMAICINHRAELAHESOERICERTMLT
W ZEeEBIELTWS,

AEERBET>TCEEMERRICEVWTEA—RY 22—+
IWIZETAMABERRETCH 2. KRDPBFTRIBEKRI VY
[ZDWTNEDOI AR B & F B DOREAVIEK(IZ1R /=B R
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FERBRLZEFNLEERMEBMERMORAEITTAL WSS
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FBE A wER BF &%
Yoshihiro Saito Kigoshi Uzawa Toshihide Sekido

This year marked the end of the COI program, which had been
ICC’s main research project since its establishment, and a
fresh start for ICC, including its management structure. With
the absence of large-scale projects, ICC was able to conduct
R&D activities with a greater number of companies than in
previous years, including joint research with individual
companies, grant projects from NEDO, JAXA, the ATLA
Program, and the Go-TECH Project, as well as full-fledged
contract work such as evaluation, analysis and prototyping. In
addition, while aiming to acquire new large-scale projects as a
post-COl project, we discussed ICC's research strategy in
response to changes in the social environment, and decided to
focus on the two pillars of "environmentally low-impact
composites" and "advancement of manufacturing technology
using digital technology," which were selected for the Grant
Program by the Cabinet Office and plan to launch activities in
the next fiscal year. Growing environmental awareness is
accelerating worldwide, especially in Europe, and the
challenge is not only to realize the lightweight and long-life
advantages of composites, but also to realize a circular
economy in which materials are recycled. Digitalization is also
advancing rapidly overseas, where market expansion is
progressing, and is an essential element for competitiveness
and differentiation. The goal of this program is to create a
regional industry centered on composites by raising the level
of technology through R&D and by collaborating with local
companies as a midstream cluster group to combine the
results of accumulated research and development. At the
same time, the project aims to contribute to the realization of a
sustainable society through its efforts.

Research contributing to carbon neutrality is also a priority in
the various R&D activities conducted this fiscal year. In the
hydrogen field, the NEDO'’s Industry-academia-government
collaboration R&D project on high-pressure hydrogen tanks is
now in its second year, focusing on the development of
innovative manufacturing and resin technologies that break
away from conventional technologies. In order to realize a
significant improvement in productivity, which is an issue for
high-pressure hydrogen tanks, we are promoting development
that integrates manufacturing and resin technologies, such as
the development of segmented preforms, REDOX curing resin,
and low-pressure RTM processes. In the JAXA project, ICC
approached the development of a manufacturing process for a
CFRP large cryogenic tank from the perspective of resin
technology in order to achieve low-cost manufacturing. Such
integrated development of materials and manufacturing
technology is one of ICC’s strengths.

In the field of offshore wind power, which has begun to be
introduced on a large scale under national policy, we have
been working on vertical-axis offshore wind power generation
that is suited to the Japanese environment. In the new
Go-Tech project, we have started research with Fukui
Fibertech on the continuous forming technology for blade with
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BHAEOEMICOWVWTECU(Composites United. A
CFK-Valley) & ICCOEHIC LD B9 A SN L 7= HIRE B
HEMEDREETRT U ARABOIFHEA £ICI0F
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NERECE S| EMELE - EERLEOEREZNDHRDEE
RS HIAREARKICEHA TOETETH %,

[Environmental changes in recent years]

constant cross section, which is a feature of vertical-axis type
wind turbines. The electric power company is also participating
in the project as an advisor, and is promoting efforts toward
the implementation of the technology.

As for overseas projects, the Japan-Germany international
joint research project involving 19 Japanese and German
companies was completed this year in cooperation with CU
(Composites United, formerly CFK-Valley) and ICC. Although
it was regrettable that the three-year research period
overlapped with the pandemic, with no face-to-face meeting, a
great deal of knowledge was gained by working on
development themes mainly targeting aircraft, with the
participation of CTC, DLR, Fraunhofer, and others. The
development of next-generation aircraft for the 2030s is
becoming more active, and we would like to link these results
to our next efforts.

Membership activities have also led to a number of
achievements. The first MOL Wind Challenger vessel is now in
service, which is a significant achievement that contributes to
CO2 emission reduction. We will continue to work on mass
production technologies such as continuous manufacturing
processes for the future expansion of this technology. In
addition, the first unit of Shimadzu X-ray phase imaging
system was installed at ICC after commercialization through
application study at the ICC. This initiative is the result of
collaboration among materials, evaluation and analysis, and
equipment technologies, utilizing ICC's open innovation and
under-one-roof network. We plan to utilize it as a new
analytical tool for R&D and industrial support in the future.

As described above, this year was the first year of the
post-COl program, and we were able to conduct active
research activities as an under-one-roof innovation platform to
expand the application of composites, which has been our
goal since the foundation of ICC. We plan to continue working
on R&D to solve social issues in collaboration with industries.

[Social change ]

+ Environmental consideration is a corporate
responsibility and corporate value

+ Adoption of SDGs, Paris Agreement

+ Green Growth Strategy in Japan
DX, EX (Energy Transformation)

Marine pollution microplastics

[Industrial change (composite materials field) ]

+ Acceleration of digitization and automation
technology by Industry4.0

+ Massive disposal of aircraft and wind blades

+ Focus on Green Composites in Europe

.Aﬁm

Large amount of landfilled wind blades J

[ For the future ]

materials, establish a circular economy
*Derived from non-petroleum

material behavior with sensing data

\

2
Issues to be addressed in the composite materials field for a sustainable society
©Reduce the environmental impact of composite manufacturlng processes and

+Reduction of energy consumption in the manufacturing process Bio-
-Establishment of a recycling system that does not dispose of waste
*Understanding of quantitative LCA of composite materials

@ Advancement of manufacturing technology using digital technology
-Development of simulation technology by determining

-Establishment of optimal control technology for molding process

Processing

{/(':m:u Iar\‘\ Non-
materials system disposal
\. /

Recycle

Oy e

Next challenge of ICC

NEDOEHFCEE(ZD2)

NEDO Innovative FC Project (Part 2)
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Figure 1. Project Activity
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Masanori Nakajima Kigoshi Uzawa

The New Energy and Industrial Technology Development
Organization (NEDO) commenced a project in the field of
hydrogen storage technology in FY2021, in which four
organizations worked on the R&D of innovative hydrogen
tank manufacturing technology for fuel cell vehicles (FCVs):
Kanazawa Institute of Technology ICC, Tokyo University of
Agriculture and Technology, College of Industrial
Technology, Nihon University, and MIZUNO TECHNICS
Corp. This project was able to pass the R&D continuation
review in FY2023 and beyond owing to the results1)
achieved in FY2022.

The objectives of the project are as follows:

(D Development of high-pressure vessel structural design
method using non-FW and segmented preforms.

The tank-burst pressure prediction accuracy of +20% was
achieved by investigating the fracture behavior of a
segment-molded tank and a damage progression model that
considers the delamination of joints and fiber breakage.
Thereafter, based on the actual material properties and joint
data, we determined the basic specifications of the
demonstration tank.

@ Development of ultra-high-cycle manufacturing
technology for high-pressure vessels through low-pressure
RTM.

Using a CFRTP tape, we investigated the manufacturing
process of segmented preforms for cylinder and dome parts
in demonstration-tank sizes. The preform in the cylinder part
has a winding angle of £55° , which is optimal for internal
pressure. For the preform of the dome part, we established a
manufacturing method through the heating and
vacuum-forming of random sheets and long-fiber laminated
sheets. In addition, using a molding machine, we performed
the molding demonstration using the low-pressure RTM
method for epoxy resin using the cylinder part/dome part
segmented preform.

(3 Development of composite materials through REDOX
curable resin and RTM process.

The development of resin A for tow prepreg and resin B for
low-pressure RTM molding is almost complete. The
compatibility of resins A and B is excellent. The equipment
configuration of the production line was studied for the
production of tow prepreg, and each equipment was
evaluated while evaluating the quality, including the resin
impregnation method for carbon fiber tow, fiber preheating
method, and so on.

Reference
1) NEDOKR-REEBHERER2022EH
https://www.nedo.go.jp/content/100950351.pdf
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Composites United (IHCFK-Valley) K1 VE#IZDWT

Collaboration with Composites United, Germany (Formerly CFK-Valley)

2020F 4 BN O BMATERZ RV EOEBERARN S F
ERICETLUE.AUEERMOERKTEZT —vE L
ThermoPros” VB AV %ET—<ELIZ"HiPeR*.2D2D
D7OVIIMIDVWIRKRRRARET 2,
https://composites-united.com/en/projects/interspin-projekt-japan/

ThermoPros T3 MZEHAERERM T (TEMEEM (VYT 7
L—L) BEEELAITICERREEM (BER) 25 —7vhE
L.EEE MO ICEMATL (K1) B/ 2B T
NBRILAEMEN—-—RIC3EOHETEBEZR&E L.
CF/LM-PAEK (L) #BEWT3.0mMRDMEEFETL — LD
FEVAN =Y —OBFICHS LTz B IE KR ITEH,IO—
W7+ =32V (RF) Eifi&E > TCF/PADBEBIEY + — 5
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EABIE L. SBOBBEE LT EMMIIRER £ RFEMIE
FRINSY AR =Y NIULERT—ILT7 Yy TEBEFELT WS,

https://composites-united.com/en/projects/thermopros/

HiPeR7OY ¥ TR MZEED SHEH SN R R MM E )
AL BHEDREE KRRERDOBTEICIEAR (K2),
H=RYT7AN=VY A I TENRDBNE (LD KR/
ZEHEUSTFIH(RAY) R BVWEBEEZE T 5 EBEEHIEL
o BICHABAITIEBESMARELTCCF/PPFU LY %
IHIREESZT LEICCHER L HRADN T L RABFEZT>
THEFECEMERANOREEZFTMLIc. & FAVAIT
FITNRAOHAREETHZCTCHMEEDEEBH~DER
ICEFEFELIERIRE (EP) 28RS B BRTMEFEICE > T EE
EBEVTEMODTEVANL—9—&BFE LT,
https://composites-united.com/en/projects/hiper/
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Figure 1. 3.0m CF/LM
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Figure 2. Highly-oriented rCF mats produced by STFI (Left), Prepreg production using
double belt press (Middle), Molded part produced by Moriroku (Right)
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Ousuke Ihida Yoshhito Saito Ryoko Tohdoh

The joint projects with Germany were completed at the end of
this fiscal year. We report on the final results of two projects:
"ThermoPros," which focused on the continuous molding
process of thermoplastic composites, and "HiPeR," which
focused on recycled materials.

https://composites-united.com/en/projects/interspin-projekt-japan/

The ThermoPros project focused on the development of the
high-speed continuous molding of curved and straight
structural parts for the aircraft and automotive industries,
respectively. (Figure 1) For curved parts, Tsudakoma
developed three molding machines based on continuous
compression molding technology and succeeded in forming a
3.0-m-long aircraft fuselage frame demonstrator using Toray
CF/LM-PAEK. For straight parts, Daido Kogyo used roll
forming (RF) technology to produce a CF/PA automotive
chassis member demonstrator. Maruhachi manufactured
CF/PA materials and curved UD using ATL and supplied
them to the project partners. As future tasks, we expect
quality improvement for the curved parts and a scale-up of
RF technology targeting medium-sized trucks.
https://composites-united.com/en/projects/thermopros/

The HiPeR project involved recycling CF waste from aircraft
to produce nonwoven fabrics, which were then used to mold
the final product. (Figure 2) Carbon Fiber Recycle Industry
extracted CFs through pyrolysis, and STFI (Germany)
produced highly oriented nonwoven fabrics. IHI and ICC
produced CF/PP prepreg for automotive parts, and Moriroku
evaluated its mechanical properties and formability into
complex shapes through press molding. CTC molded a
demonstrator for a vertical tail plane rib using RTM
impregnated with thermosetting resin (EP) for application to
structural components of aircraft.
https://composites-united.com/en/projects/hiper/

At the end of March 2023, the Japanese and German
partners met face-to-face at the ICC for the first time since
the pandemic to discuss the closure of the project and
possible follow-up projects. (Figure 3)

1.8m UD-CF/PA6
straight part sample

Figure 3. German and Japanese Project Partners
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Development of composites used in the space field
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Figure 1. Reaction mechanism of silsesquioxane for the matrix of

high-thermally durable CFRP curable using a facile autoclave
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ICC is part of the project aimed at "realizing an innovative
space-transportation system based on fundamental cost
reduction" promoted by the Japan Aerospace Exploration
Agency. Thus, ICC is engaged in research on (1) matrix resin
materials for large CFRP structures with low cost and high
heat resistance and (2) manufacturing technology for CFRP
large cryogenic propellant tanks. The purpose of the first
research endeavor is to manufacture a large structure from
CFRP with excellent specific strength and to realize the
weight and cost reduction of the rocket structure.
Furthermore, we are developing a new matrix material for the
nose of a reusable rocket such that it can withstand
high-temperature environments caused by aerodynamic
heating during re-entry. The required properties of the resin
are a small decrease in strength at 400 °C or higher, which
can be useful for CFRP, and that it can be applied to low-cost
production processes. The second research endeavor is the
development of a new automated fiber placement (AFP)
process that manufactures the cryogenic propellant tank of
the second-stage rocket engine with carbon fiber-reinforced
thermoplastics, which uses super-engineering-plastic level
high-performance thermoplastic resin as a matrix. The newly
developed AFP process enables a series of operations, such
as "in-situ impregnation" from dry fibers, automatic
lamination, and direct consolidation, which is unique to
thermoplastic resins, to realize cost reduction.

Regarding (1), we investigate the use of a crosslinkable
silsesquioxane as a matrix for CFRP, in which the resin
skeleton and crosslink points comprise only silicon-oxygen
bonds, which have significantly higher bond energies than
carbon-carbon bonds (Fig. 1). Dynamic viscoelasticity
measurements and thermogravimetric analysis are used to
verify the high heat resistance of the resin. To improve the
adhesion between the resin and carbon fibers, we investigate
the introduction of oxygen atoms to the carbon-fiber surface
using X-ray photoelectron spectroscopy.

In the system proposed for (2), polyethersulfone, a type of
super-engineering plastic, is diluted with an electron
beam-curable acrylic monomer with a diphenylsulfone
skeleton. This lowers the melting point and melt viscosity of
the polymer; however, the mechanical properties of the
polymer are also decreased. In this AFP process, carbon
fibers are readily impregnated with resin at temperatures
considerably lower than the original melting point of the
polymer, thereby enabling "in-situ impregnation."”
Simultaneously, the resin allows the resin-impregnated
carbon tape to fuse easily with the underlying layer to
complete the lamination. After lamination, the monomers are
polymerized by electron-beam irradiation, and the properties
of the matrix resin are recovered.
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Molding of unidirectional tape using melt impregnation equipment
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Unidirectional (UD) tape is a tape-like material made of
continuous fibers such as carbon fiber (CF) bundled in one
direction and impregnated with a thermoplastic resin such as
polypropylene or polyamide 6. Because a UD tape uses
continuous fibers, it has better rigidity and strength than
composite materials that use discontinuous fiber. Adapting a
UD tape in auto tape placement will improve productivity
through automatic stacking and stability of large structural
components. A schematic of the melt impregnation equipment
owned by ICC is shown in Figure 1. The melt impregnation
method uses an extruder to melt the resin, which is then
poured into the impregnation pipe and impregnated into
continuous fibers. The fibers pass through the rollers placed in
the impregnation pipe in a meandering manner to promote the
impregnation of the resin into the fibers.

In FY2022, a creel stand (Figure 1, red frame) was installed to
attempt molding with multiple CF rovings. However, because
the tension increased by using multiple rovings, it was not
possible to pull out with the existing haul-off machine alone.
Therefore, we introduced a new machine that assists with
haul-off (Figure 1 blue frame and Figure 2). The haul-off
auxiliary machine made it possible to use multiple CF rovings
for molding. In addition, it became possible to freely change the
thickness of the UD tape (Figure 3) and the weight of the CF.

Extruder

W (wsrrrrrerrsi]

Cooling
roller

Haul-off auxiliary
equipment

Impregnated
area

Figure 1. Schematic of melt impreganation machine
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Development of composite materials using modified lignin
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Figure 1. Modified lignin (GL)
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Recently, plant-derived materials have garnered worldwide
attention owing to global warming and environmental pollution
issues. Lignin is one of the components of plant cell walls, and
it comprises a polymer compound polymerized from aromatic
monomers. The lignin used in this study was modified lignin
(glycol lignin, GL) (Figure 1) produced by Lignomateria, Co.,
Ltd. GL is lignin extracted from Japanese cedar using
polyethylene glycol (PEG). Lignin and PEG react with lignin,
and PEG is introduced into a part of lignin (Figure 2).

In this study, the effect of adding GL to polyamide6 (PA6) was
verified. The matrix resin was polyamide 6, which was kneaded
with GL using a twin-screw extruder. Various composition ratios
of PA6 and GL were examined, and the weight ratio was set to
PA6: GL = 75: 25. The fracture surface of a sheet formed by
molding the mixed resin with a hot press was observed using
FE-SEM. Consequently, phase separation of PA6 and GL was
not observed. The mixed resin film and carbon fiber (plain
weave) were alternately laminated and molded into a CFRP
laminated plate using a hot press. The CFRP laminated plate
can be mold as shown in Figure 3. Although some parts were
not impregnated with resin (Figure 4), it was possible to form a
laminated plate.
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Figure 2. Chemical structure of modified lignin (GL)

Figure 2. Haul-off auxiliary equipment

Figure 3. Closed view of UD tape by melt impregnation

Figure 3. GL/PA6/CF laminated plate

Figure 4. Cross sectional image of laminated plate

3205 Wy, 025t



GEOE Wapy [0IS1 U1 SOV YoAvasap|

BREREAWES—YMICF/PA6RY Y INTILY — REFE

Fabrication of large-tow CF/PA6 laminates using solvent method

AR TIET—I b TEFIENS40,0008U EDT7 154V
DAL D R R B ($£3,000~12,0004) ZHWT, 8]
BURIVNTILY — "R IFRERF L. 5—Y Y
FEEDREMELLETOERANEROYAEEPPL ENE
MCHd-d EEFIEEXRERITICEENMEALTWS, LY
L ATBEEEERBEENS W -OBEZ R EMEREMA
ERIEZILEFBS T . BR-BELCENVEBZNTTE
BEDIDEBELNDHD.7—IRNIVDBERET1ITAY NEDE L
BREREMNRRZ-O.ATNEEBEDSSIEI—B
#HL<1D,

ZICAMBETIEBEEZBVWIHEEALRRILTZIETH
EERECTIFCHERADEEERVEZEO2TOERE
B LIzo v by I RBEICPA6ZERL T ZDAEICELD
IWODL/AY ) —ILEEBRREER U AR EEFEPHFIP
ERBDESHECHENEIZX N O TH I AMETHEAL
EBRREBR~TLARFEOTOEREZRTICRTARERICE
DA MERNIICHE L. U EBEERL(CHRET 25l
NETHDR2(CIFTBRERET > LREBHERDSEMEIR
ERTZADWHREICE LT —ICPAD L HDEN [ E
LTWBHEFARONIZ. SOICHE 7 ILAEBMULZRY &
TLAIBTRYVYNTILY — b EFR U AR UEERERD
HMERANDEHEEZRRELAREZVEOERETCHRLUIHER
ERBICRY . MFORBIRISHENRSBOBHAERT AR
ERAEBERATHIE CHMERTORERMBHIBEEITHS LI
FHELNT,

AMEIINEDODERICLZEFMEERBIEETE(EY
) IXBEZFZEOTHD  SEELETOERICOVTY T
IRILNTLRZAW-ERESRHREICBERYT 2HREED D,

Large-tow CF fabric

Large-tow Solvent impregnation Removing

CF fabric (PAB-MeOH/CaCl,) solvent

3 P>
AHIGE JEbH fE—
Ousuke Hida Junichi Kitada

In this study, we investigated the fabrication process of
thermoplastic composites using large-tow carbon fiber (CF),
which consists of more than 40,000 filaments. The
manufacturing process of large-tow CF is different from that of
the normal one. The mechanical properties of large-tow CF are
inferior to those of normal CF, but the cost of the former is lower,
which has led to an increase in its use for industrial applications
recently. Owing to the high viscosity of melted thermoplastic, the
impregnation of CF materials is difficult. In the case of large-tow
CF, which includes many filaments, the impregnation length is
higher than that of the normal one. Therefore, the impregnation
process is more challenging in the former case.

We applied the solvent method to decrease the viscosity of
thermoplastic, and, consequently, we were able to improve the
efficiency of the impregnation process. PA6 was used as a
matrix resin and calcium chloride/methanol was used as the
solvent. This solvent has low toxicity and a relatively lower cost
when compared with formic acid and HFIP. The solution
impregnation and compression molding process are
schematically presented in Figure 1. The key technique was
the impregnation of fiber bundles into the fabric without the
remains of the solvent. Figure 2 displays the SEM image of CF
tow impregnated with PA6 through the solvent process. Several
particles of PA6 resin can be seen uniformly on the fiber
surfaces. The cross-sectional micrographs of the composites
with/without the solution impregnation process are displayed in
Figure 3. The red dashed circles represent the unimpregnated
area in the fiber bundles. Through the solution impregnation
process, the unimpregnated area decreased significantly.

This project is supported by NEDO. In further studies, we will
attempt to utilize a double belt press to investigate the
continuous fabrication process of CF/PA6 laminates using the
solvent method.

Additional PA6 films
f

Pre-impregnated Compression-molding
CF fabrics

Figure 1. Solvent impregnation process in this study.

Figure 2.SEM image of carbon fiber tow impregnated
with PA6 by solvent process.

20

(a)Without solvent process

(b)With solvent process

Figure 3.Impregnation quality of fiber bundles of composites
(a) without solvent process and (b) with solvent process.
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Pressforming process of Random-sheet using Rilsan Matrix/CF UD tape
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In a collaboration research with Arkema, we fabricated
random-sheet using Rilsan Matrix/CF UD tape (UDX® PPA
tape) and investigated the pressforming process. Rilsan Matrix
is based on polyphthalamide (PPA) chemical backbone, partly
including plant-based material, and it has a high Tg (140 °C).
Its melting temperature is 260 °C and moisture uptake is less
than 3%.

Randomly oriented sheets are made of UDX® PPA cut tapes
(Vf =50%, 77 um thick, 26 mm long); these were provided by
Suncorona Oda. We applied Rilsan HT films (300 pum thick) on
both surfaces of the random sheet to prevent thermal
dissipation. At first, we heated the sheet in an oven at a
temperature of 330-360 °C. Thereafter, we transferred it to a
hot press machine by hand. The material was pressed in a
mold at the temperature of 200—230 °C. Figure 1 depicts the
temperature profiles of the materials over time with/without
films on the surfaces. By applying the films on the surfaces, the
temperature decrease during transfer was restricted
significantly and the duration of resin flow during pressing was
extended (the green area in the graphs). Figure 2 displays the
cross-sectional micrographs of the composites. There are thin
cracks between the tapes in the sample without films, but no
voids can be seen in the sample with films. The tensile strength
of the composites was equivalent to those of the composites
made by compression molding.

We fabricated BOX-shaped products using a 200-ton press and
a method similar to that described above. Figure 3 displays a
picture of the molded product. Although good formability and
surface quality were achieved, the transfer method and mold
temperature require some modification.

(b) With HT film
Oven 330°C Mold 200°C

R e
W ow o [
Mold gap (umn)

—
oo

Time ()

Figure 1. Temperature profiles of random-sheet during quick-press process: (a) without Rilsan HT film, (b) with Rilsan HT film.

micrographs of molded samples:
(a) without Rilsan HT film, (b) with Rilsan HT film.

Figure 3. BOX-shape sample produced
with 200 ton press system.
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Completely random orientation design of CTT specimen and examination of orientation degree distribution BH RIA

evaluation through X-ray phase imaging
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Figure 1. The three designed tape orientation lamination patterns.

Figure 2. Image of degree of fiber orientation distributuon.

Takehiro Shirai

Chopped carbon fiber tape reinforced thermoplastic (CTT) is
the organo sheet that is press-molded after dispersing cut
tapes in air or water and laminating them in random
orientations. CTT has a problem in that the mechanical
properties within the plane of the laminated material vary owing
to the anisotropy of the fiber orientation because the tape
orientation during dispersion cannot be controlled. In addition, it
was impossible to produce completely randomly oriented test
specimens with no deviation in fiber orientation, and their
mechanical properties were not evaluated.

Therefore, in this study, design guidelines for completely
random specimens were obtained by controlling the tape
orientation angle through a program using a cut tape stacking
robot, and a method for evaluating the specimen structure was
examined. To compare structures with different random
orientation repeat patterns, test specimens with the three
patterns depicted in Figure 1 were produced. Pattern 1 is the
entire surface of the flat plate, Pattern 2 is the size of the
specimen, and Pattern 3 is the width of the specimen. The
structural variation in each specimen was evaluated through
X-ray phase imaging. In this experiment, the kurtosis of the
specimen fiber orientation histogram was evaluated. Figure 2
depicts an image example of the degree of orientation. The
black portion of the grayscale image indicates random
orientation, and the white part indicates anisotropic orientation.
Figure 3 presents the kurtosis calculation results of the
orientation degree histograms of the specimens fabricated with
the three patterns displayed in Figure 1. The value of kurtosis
has a small distribution owing to anisotropy and is smaller than
3, increasing in the order of Patterns 1, 2, and 3. The kurtosis
of Pattern 3 is close to the value 3 of the normal distribution.
This result enables one to obtain a guideline for completely
randomly oriented test specimens that can be designed by
creating a random pattern using the method of small area and
repeatedly arranging it in the plane and, thereafter,
nondestructively testing it through X-ray phase imaging.

Kurtosis
n

Figure 3. Results of kurtosis calculation of each
lamination pattern by the X-ray phase imaging image
analysis
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Development of in-mold material flow estimation technology during press molding using apparent BH HiE

viscosity through machine learning
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Figure 1. The schematics of the two molded products used in
the experiment. (Left Figure: ribs product. Right Figure:
ribless product)

. 4 - - . l Figure 3. The learning results of 24
| " ] apparent viscosity data by

‘ . . ‘ | self-organizing map. (Blue frame: Rib

product, Red frame: Ribless product.)

Takehiro Shivai

Machine learning is applied at manufacturing sites to detect
anomalies in manufacturing equipment, judge and predict
product quality, and optimize the processes involved. In this
study, we developed a technology for identifying molding
defects during the press molding of Chopped carbon fiber tape
reinforced thermoplastic (CTT) materials through machine
learning using the variation in apparent viscosity, as reported
last year. In our experiment, we examined molded products of
various shapes simulating molding defects by varying the
apparent viscosity during press molding. Machine learning was
used to perform data clustering using the MATLAB neural net
app. Data clustering is a neural network technique that groups
data by similarity. In this study, we used a self-organizing map
(SOM), which is a method of spatially expressing data features
by updating through learning weight vectors that have been
assigned to neurons in a lattice. Figure 1 depicts the shape of
the molded product. The figure on the right shows the structure
with cross ribs of a normal product, and the figure on the left
shows the structure without ribs, simulating defective, short
molding. Figure 2 depicts the apparent viscosity data obtained;
data clustering was performed using these data. We set the
map size of the SOM to 10, created a learning model using a
10 x 10 lattice grid and 100 neurons, and trained 24 data.
Figure 3 depicts the weight vector of the 10 x 10 lattice grid for
each data. The blue frame dipicts the results of the structure
with ribs, and the red frame depicts the results of the structure
without ribs. The darker the color, the higher the weight; the
more similar the pattern, the higher the correlation between the
data features. Because the structure without ribs (red frame)
depicted in Fig. 3 has a different pattern from that with ribs
(blue frame), it is possible to determine the difference in the
material flow inside the mold during press molding using the
apparent viscosity.

1.TFE+07

1.2E+07

7.0E+06

Apparent viscosity |[Pasec|

Plane 1

Plane 2

Plane 3

Plane 4

0 -2 -4 = Plane 3
Mold position [mm]

2.0E~06

Figure 2. The Apparent viscosity data of 24
molded products with ribs and without ribs.
( “RIB_1" to “RIB_19” : Ribs product,
“Plane_1" to “Plane_5" : Ribless product.)
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Approach to sustainable composite molding process using
in-situ polymerization thermoplastics
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In recent years, the requirement for FRP has increased in
terms of lightweight, mechanical properties, and cost, as well
as the requirement for SDG. FRP using recycled carbon fiber
(rCF) and natural fiber for reinforcement fiber is being applied
to mass production, mainly in Europe. In addition, PMMA (poly
methyl methacrylate) can be recycled in high yields to its raw
material MMA (methyl methacrylate) monomer. Therefore,
demonstration plants have been developed for chemical
recycling. The ICC is investigating the mass production molding
process for sustainable composites, applying chopped fiber
mats of rCF and natural fiber for the reinforcement and PMMA
for the matrix resin.

In this study, the wet compression molding (WCM) process was
applied, which has the advantages of low-cost, high-cycle
molding and the possibility of impregnation by the resin into the
chopped fiber mats. The matrix resin was applied as Arkema
Elium®190, which is a PMMA capable of in-situ polymerization.
Typical WCM uses fast-curing thermoset resins (for example,
epoxy and polyurethane resins) and a dosing system based on
collision mixing under high pressure. The resin in the dosing
system is constantly heated (at approximately 60-80°C) to
flowable viscosity, and the mold is heated (at approximately
100-140°C) to fast-cure the resin. In contrast, Elium® has the
following advantages: low viscosity at room temperature (100
mPa.s at 25°C), several options for polymerization initiators
because of radical polymerization, the long open time at room
temperature, and the possible polymerization in the mold at 90
°C/5 min. The process of WCM with Elium® is expected to
reduce equipment costs and heating energy. However, the
viscosity of Elium® during resin application and impregnating
the reinforcement is approximately 100 mPa.s (at 25°C), which
is higher than thermoset resins optimized for the WCM
process. Therefore, resin application and impregnation is an
issue. Hence, the objectives of this study are to demonstrate
the following in the WCM process with in-situ polymerized
PMMA: 1) low-cost resin application at low pressure, 2)
impregnation into chopped fiber mats, and 3) in-mold
polymerization and molding.

Figure 1 presents a schematic of the WCM process with Elium®
and Figure 2 depicts the upper mold position/clamping

10 minutes at 90°C

—

 —— B ———— B

Resin supply Material handling Mold closing consolidation and Mold opening
and setting [impregnation] polymerization and ejection

Figure 1. Schematic diagram of the in-mold polymerization process with PMMA

H1CRBEGT77VILEEZBVW-WCM 7Ot XD
K. K2 (CERFEED LRMNE /BiFEh / BERAEEZNTNRT,
FP . ERTCrCFYy MO LEIC.EEHBFINESG SN
BIgEAT7VIILBEEZRHELZ(K3). 2T BERFIE. T
R/ ZILICEDIEEMRE (0.2MPa) W FIBETH %, R (Z. gD
BIEINTZrCFYy MF(E.90°CITMBA L& 8 E(CiE SN,
BEAUCHECEBRFIIN 10D ZICREEIPED HEINZA
WCMZAaERIZEWT rCFY Y MIADEIE SR (Z B a1
BTN RBEST7V7VIILEEOEGRIIIEMBRERIC
BRNTRTT 2,

AMATREITIREGEST7V7VILEEZRAVW WCMZO
TG AR/ ZIICLZBEETOBERAE . ICFYY RHAD
ISR . BLUBEORENESEAERI L (K4) RE.
BREGREAR LS5O BBEST7V)ILEEEZRBV:
WCM7OERDEIHBRIZBBRETH>TWEREZISETH D 12,
HEARRELENERHOBRERBITILELNH D,

——In-mold pressuer_Upper [MPa])
-In-meld pressuer_Lower [MPa]
——Clamping force [ % 10ton-f]

——Position [mm]
24 855

[ww] uopisod plow seddn

In-mold pressure [MPa), Clamping force [ % 10 ton-f]

Process time [s]

Figure 2. Relation between in-mold pressure,
mold position and clamping force (Vf 18%)

force/in-mold pressure during molding. First, Elium® mixed with
a polymerization initiator was applied to the top surface of the
chopped rCF mat at room temperature (Figure 3). Here, the
resin can be applied at low pressure (0.2 MPa) using a
commercial nozzle. Thereafter, the resin-applied rCF mat was
carried onto a mold heated at 90 °C, and the mold was closed
(clamped). After 10 min, the mold was opened and its parts
ejected. In this WCM process, the resin is impregnated into the
rCF mat during the mold-closing operation, and the
polymerization of the resin is completed in the closed mold
during the mold clamping.

The WCM process with in-situ polymerized PMMA proposed in
this study demonstrated the low-pressure application of resin
using commercial nozzles, impregnation into chopped rCF
mats, and in-mold polymerization (Figure 4). Further work on
the WCM process with in-situ polymerized PMMA is required to
improve molding quality. It remains a challenge for researchers
to elucidate the relationship between the resin impregnation
condition and the behavior of in-mold pressure.

i el

Figure 3. Dispensing nozzles and resin application

Figure 4. Exhibit at the JEC Arkema booth
( rCF mat, hemp mat, flax twill )
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Development of resin technology that revolutionizes the manufacturing process of A # XX T E THiE B

composite materials

iRt SZAF v 7 (FRP) DR EICEL L RIMERIT. M
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ofumi Nshid Hhoshi Yamashita Masaki Inagali

The technical elements involved in the development of fiber
reinforced plastics (FRPs) are fiber technology, resin
technology, and manufacturing technology. As a material, FRP
certainly consists of reinforcing fibers and matrix resin, but
because it requires a complicated manufacturing process, it
cannot be widely used without manufacturing technology; in
particular, mass production technology. However, these
technical elements are not established independently but are
related to each other. In particular, innovations in resin
technology often renew conventional manufacturing processes.
This paper describes the development of a new matrix resin
that enables the high-speed production of thermoplastic tow
prepreg for manufacturing pressure vessels for fuel cell
vehicles using an innovative process.

High-rate manufacturing process for high-pressure
hydrogen vessel through RTM using divided preforms

In the conventional industrial process for manufacturing carbon
FRP (CFRP) high-pressure hydrogen tanks for FCVs with an
internal pressure of 70 MPa, the tanks are manufactured by
winding carbon fiber tow prepreg impregnated with
low-viscosity thermosetting epoxy resin around a thick-walled
resin liner through filament winding (FW) and then curing it in a
heating furnace. The improvement in productivity and cost
reduction achieved by shortening the process have already
reached their limits in this process. In particular, the FW
process is the rate-determining step that limits the rate of the
conventional process. This is because the essential weak point
of the conventional process is that the FW equipment, which is
the largest and most expensive equipment, is occupied for a
long time in manufacturing one tank. Therefore, as an
innovative manufacturing process, the ICC proposes a process
in which separate preforms for the dome and cylinder parts are
first manufactured from the thermoplastic tow prepreg and then
combined, followed by low-pressure RTM, to finish (Figure 1).

Matrix resin for thermoplastic tow prepreg

In the high-productivity tow prepreg manufacturing process, the
carbon fiber tow must be both impregnated with a liquid resin
and polymerized very fast to complete the thermoplastic tow
prepreg. Therefore, radical polymerization was selected as the
mechanism of polymerization. It should be noted that the
carbon fiber tow used for tow prepreg is very thin, with a
thickness of 50—150 um. Thus, if one attempts to polymerize a
radically polymerizable resin impregnated into the tow in the
air, it will be strongly affected by oxygen and the polymerization
will be inhibited. Clearly, to avoid this, a nitrogen purge of the
entire manufacturing room or sandwiching the tow prepreg
between two releasing films to shut out oxygen might be
possible. But these measures are not practical because they
cost a lot and the amount of unnecessary waste increases.
Therefore, the ICC devised the resin and process depicted in
Figure 2. The composition of resin A that we have developed is
a mixture of low-viscosity liquid monofunctional acrylic
monomer and thermoplastic polymer nanoparticles with the

BIEICED BABRYY—F /HFIEERNICTIUILE/
R—ICERUEBEEMSE 2, ZOR.CKERBHH TIEE/
N—DEHEKIZEDRIIT—UyFEBD KD5vI7U—(T3HEWL
RREEDZENTEZ, ZOREBTUVERHF TSI EICKD.
UVAEES 2IRFBENTOREHSM30uMOFRSETIES
JHILBEBENETL ABHIPEELTVAEVWEDDRAETLIC
T I7U—bTBENTEDZDZLICKD NI T TILY
RN ERICBRNOEMSNIRREEDZZENTE RIS
I HBEM % REFICREDOXS UV NILEEGHELT
L.OFKERERTI DN TES,

addition of multiple radical polymerization initiators (UV +
REDOX). As it is a low-viscosity liquid at room temperature, it
can easily be impregnated into fiber bundles. By heating at
approximately 100 °C after impregnation, the thermoplastic
polymer nanoparticles quickly dissolve in the acrylic monomer
to make the resin mixture viscous. Thus, the very surface layer
becomes polymer-rich owing to volatilization of the monomer,
and an almost tack-free surface can be created. Through
ultraviolet irradiation in this state, radical polymerization
progresses to a depth of approximately 30 um from the surface
of the carbon fiber tow (this is the depth that the UV radiation
can reach), and although the interior is not polymerized, the
surface can be made completely tack-free. Thus, the inside of
the tow prepreg is made completely void of oxygen, and after
the tow prepreg is wound up without fusion, REDOX radical
polymerization progresses, which can be successfully
completed during storage.

" Combined! " Integral molding by low-

High speed Thermoplastic

Dome & cylinder
impregnation prepreg preform

pressure RTM with REDOX-
curable resin system

Figure 1. Diagram of High-rate production process of high-pressure hydrogen vessel by RTM using divided preform

Mono-functional acrylic monomer
with thermoplastic polymer nano-

particles.
[E—
LT TN
~ ~
NVLEEET)/
[C—
The resin mixture Fluidity is good, The nano-particles are Tack-free surfaces The resin mixture
is applied to the so impregnation dissolved in the acrylic created by UV is applied to the
CF tow. is immediately monomer by heating. irradiation shuts out CF tow.
completed. Slight monomer volatilization oxygen inside.

makes polymer-rich surface.

Figure 2. Mechanism for rapid production of thermoplastic tow prepreg in the air using radical polymerization
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Measurement and Evaluation of CFRTP Vibrations during Ultrasonic Welding JE AR aH b N RNE
Shouta Kawasaki Ousuke Ishida Kimihiko Uemura
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SMEFEAERD > TVWRW EEICAEREZ TR T 270
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AT AL EENIC.BERABESROR—Y - BEEKD
RE O FEEIT> TN D,
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Figure 1. Vibration measurement during ultrasonic welding.
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Figure 2. Displacement vibration waveform of upper adherend
measured by laser
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We are currently studying ultrasonic welding, a highly efficient
technique used for joining carbon fiber-reinforced
thermoplastics (CFRTP). Ultrasonic welding involves the
application of ultrasonic vibrations to the adherend, resulting in
friction and viscoelastic heating of the bonding surface. It is
gaining significant attention in the automotive and aircraft
industries owing to its superior joining speed and energy
efficiency compared with other methods.

However, the frictional and viscoelastic heating generated by
ultrasonic vibration occur simultaneously near the interface,
and how each type of heating contributes to the temperature
increase at the weld surface is still not well understood. For the
accurate prediction of the weld quality, the experimental
measurement of the material behavior and elucidation of heat
generation and joining mechanisms are required.

The objective of our study was to comprehend the heat
generation and joining mechanisms of CFRTP caused by the
vibrations during ultrasonic welding by precisely measuring and
evaluating the horn and adherend vibrations.

Thus, as depicted in Figure 1, we used a laser Doppler
vibrometer and two laser displacement meters to measure the
horn and upper and lower adherend vibrations that occur
during ultrasonic welding. Figure 2 displays the recorded
displacement vibration waveforms of the upper adherend, while
Figure 3 displays the results of the time-frequency analysis of
the waveforms using the short-time Fourier transform (STFT).
We investigated the correlation between the results of the
vibration analysis and the deformation and temperature rise
behavior of the adherend. The analysis enabled us to
comprehensively understand how the propagated vibration was
converted into heat within the adherend.

0.5 1.0 15
Time [s]

-
Amplitude [dB]

Frequency [Hz]

&L
=]

1
[2=]
=

Figure 3. Results of time-frequency analysis
(short-time Fourier transform).
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Development of high-precision bending and continuous press molding technology WA KiE NI 28t

for thermoplastic carbon fiber composite members

RAYVEEDThermoPros 70V 17 b CEMATIZMEEE
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Figure 1. Composite frames of Airbus A350 fuselage
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Mizoki Matsumoto Nobuya Kawamoto

Fuselage frame members based on thermoplastic composite
materials (Figure 1: image members), which were developed
for the aviation industry in the ThermoPros project in
collaboration with Germany, face limitations in terms of cost
effectiveness and productivity. We have integrated the
continuous compression molding technology developed by
Koma Kogyo Co. Ltd. with the curved unidirectional (UD)
laminates and automatic lamination technology developed by
German Aerospace Center (DLR: Deutsches Zentrum flr Luft-
und Raumfahrt) and Maruhachi Co. Ltd. It is difficult to reduce
the cycle time and cost in the production of aircrafts using
carbon fiber composite materials with the currently used
thermosetting resins. Therefore, studies are investigating the
adoption of a carbon-fiber composite material (CFRTP) based
on thermoplastic resins that can be molded in a short time. In
response to the needs of the CTC, a Japanese-German joint
research project was started with Germany, targeting long
structures such as ring frames, which are the primary structural
materials for aircraft. We participated in the joint research as
members of this project.

The final goal of this study was to develop a continuous
molding machine that manufactured long curved materials with
a constant cross-sectional shape using a thermoplastic prepreg
to reduce costs and improve productivity. On the basis of prior
consultation with the CTC, the ring frame of aircraft was
targeted to have a curved Z-shaped cross-section with a radius
of curvature of 2 m, as the diameter of the assumed aircraft
fuselage was 4 m. In the conventional equipment (Tsudakoma
Industry Co. Ltd.), the thermoplastic UD rolls are continuously
fed into the press machine, preformed, heated, pressed,
cooled, and flowed to produce a long profile. In this study, we
aimed to establish a process for manufacturing a long CFRTP
member with a Z-shaped cross section and curvature radius of
2 m (Figure 2: actual molded product) and to develop
equipment for continuous production.

Figure 2. Actual molded product
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Molding method used with natural fiber composite O SEER
materials Shiro Noguchi
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Flax- and hemp-derived natural fibers (NF), which have been
recently attracted from the perspective of sustainable
development goals, are used in various fabrics produced by
Bcomp in Switzerland. There is a mat-like non-woven fabric.
Compared with chemical fibers, such as carbon and glass
fibers, NF have a lighter specific gravity and superior
properties, such as good vibration damping, and high shock
resistance, non-thermal conductivity, and radio wave
permeability. Using these advantages, a wide variety of
developments are being made, such as interior parts for
automobiles, outer panels for motor sports, ski and bicycle
frames for sporting goods, furniture that makes the most of its
design, satellite panels, and bridges. However, because NF are
natural materials, their diameters along their lengths become
non-uniform when spun together with short fibers, both natural
and synthetic, and the molding of those NF becomes difficult
owing to their bulkiness. In addition, because the fiber diameter
is large, the impregnation of the resin appears to be good at
first glance; however, in reality, the fluidity of the fiber is poor
and improvement of its surface quality becomes difficult.
Therefore, natural fibers require a molding method unique to
them. Considering these problems, the ICC is currently
evaluating the following molding methods used with woven
fabrics obtained from Bcomp and nonwoven fabrics obtained
from Polyvlies.

1) Wet vacuum molding where vacuum is applied after the wet
layup.

2) Vacuum-assisted resin transfer molding in which the resin is
made to flow in a vacuum state once the base material is
placed and the bag film is applied.

3) Insert the resin-sprayed product into a hot mold and press.
4) Pressing the nonwoven fabric with a thermoplastic resin
kneaded base material using a hot press machine.

5) High-Pressure Resin Transfer Molding in which the base
material is placed in a high-temperature mold, and the resin is
injected under high pressure while pressure is applied using a
press.

Figure 1.NF nowoven fabric & NF composite product
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The value of impregnation coefficient K in non-woven fabrics

Permeability (B2 REKE) FEEMBDOHP-RTM
(High Pressure Resin Transfer Molding)*Va-RTM
(Vacuum Assisted Resin Transfer Molding) B I2H W
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Figure 1. Permeability was measured by EASYPERM at ICC

WA KiE BHE SR
Hisoki Matsumoto Shiko Oda

In high-pressure resin transfer molding (HP-RTM) or
vacuum-assisted resin transfer molding (Va-RTM) of composite
materials, the permeability (impregnation coefficient K) of a
resin upon impregnating a dry base material depends on the
base material and is an essential parameter for flow analysis.
In the ICC, we are establishing molding processes involving the
application of recycled mat materials to double-belt presses
and wet molding, and we are estimating the impregnation
coefficients of the base materials used in these moldings.
Figure 2 shows the recycled-carbon and natural fiber
mat-materials used in this study. Non-woven fabrics are
composed of several types of fibers, which are randomly
oriented fibers, and when the base material is compressed, it
produces a high reaction force, even in a low-Vf environment.
Therefore, the impregnation coefficient was measured at a Vf
of 20-25%. Figure 3 shows the relationship between the
measured impregnation coefficients and Vf (%). As Vf
increases in both the in-plane and out-of-plane directions (Kxy
and Kz), the permeability decreases, which indicates that
impregnation becomes increasingly difficult. In addition, a
comparison between the results obtained on the mat and plain
weave materials reveals that the decreasing tendency differs
between the in-plane and out-of-plane directions. Because the
impregnation coefficient depends on the base material
specifications, it is important to select the base material
according to the molding process, and it is desirable to know
the impregnation coefficient for each base material.

Figure 2. rCF nonwoven fabric & NF nonwoven fabric
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Figure 3. Relationship between Vf and Permeability
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2022, Nov., 2022.

HEEFE R (1)

1. Al IGE, BE R JtE fi—, FEMREABLZERFRY TILNILNFLRIZES CFRTP ¥ — hUE 7O DRE,
FATEIEEME Y VIRT D L, Sep., 2022.

2. Ol B, 22 R kA fi—, BEERERWEZS—Y N UCFPAR Y VT ILY — hOMEMER IO ADRE", 5
T4EHAEEM B RE, Mar,, 2023.

3. NE KR, NER BX, 82 R, AH E—, ‘MABSIICLVEBE TN RV I NEEMHNOS R HEERE D7,
% 64 EEEREICBT 55ESR, Aug., 2022.

b B R, AHE IGHE, B BIL, 82 R, IXVF—F M LI2DNEERAEESRDOCFRTPOIREIEEIC5AZHE", B47[0
BEMK Y VKRI DI L, Sep., 2022

1=

NN BA, BE IS8, A RIK, 828 2, “BERASEBICEITACFRTPORY BE IS LUZF DM, E14EBEE
&K 23, Mar., 2023.
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6. T. Shirai, K. Uzawa, "Fiber orientation design and structural evaluation of randomly oriented CFRP by 2.5D chopped tape
stacking robot", 14th Workshop on 3D printing composites, Nov., 2022.
7. BHEBRL B2 R ORV I TREREBEIN AV T —T 54 LCFRTPOE A D ek sHIC K2 MM EHIE", £14R1BAE
AR, Mar., 2023.
8. B HA, NEREBX, L E, BF L, BF R, XRUBA ATV T EREBEGBEEEICES TV Y LERRELCFRP
DEFBETM, BRE -ROGHRIERSEMR FERBFRIRM > >R D L, Mar., 2023.
9. B %K, A— @, KA B NIz, B 87,088 8 AL #X, £l kR, aH B, “BERERERAV TS
AVRTA VT4 M CFRPOMHARESTE", B - ROGHRIERSEMR - IERIBFH AR > >R YD Ly, Mar., 2023.
10. BEBX, “SBEET 7V IVEBEELY OIS AENINE", BE0E AR EFEFRFERKSR, Jun,, 2022.
1. FEE Y, 5% 3%, #5818, “REDOX RISz AW B ERSRHEA TV T LY DBE”, B47TRIEEMI SV RI T L, Sep., 2022.
12. FER K, XA B, T8 B3, BH A, BMAEENR Y YA F IV BLOVIVERF A FH U ORERRICET 2 —RE, 8B
71EF Y b7 =Y R —FEHRR, Oct., 2022.
13. 8 A, FIL X, Bl A, T4 BEF, Bl 83, “TgL A7 7V IVElsE AL 71— 7 L AGFRP BEERDEMHEE", 8530
BRI > > 7RI T7'22, Nov., 2022.
14, B, Z= A, Tl 25k, SR $Rt, B B, DY raxy 2 Y TUREE B o GFRPOEMAIF ", F30EAAMT
2RI 77722, Nov., 2022.
15, \WF 18, TRiE S8, T A, B IR, 152 R, BERBMEDHDREDOXRIGER W T 7L DR, B148BARE
I, Mar., 2023.
16. )IFEAF, KA &, TL K, 352 2 1B EF, NER EX, “MHENBEEACFRTPRENBHRODEZEMA, E14EHAES
MR, Mar., 2023.
17. NEFEX, NERBX, B2 R FILEK, ik B, FCVADBIRF.CFRPEIEKER VY DGR, BATEREEME S Y RI T L,
Sep., 2022.
18, INERABXK, WE ZA, BREH 0%, 352 2, Tl 12X, IkE &R, N —L V) V2D EBECFRPR > DFEE NERIEEE), B
A7RIEEMH VRI D L, Sep., 2022.
19. W ZX, INERBX, #8522 FILRX, kA ER, N — L/ VU EDEEECFRPA V- OB LISISERRRT, H14EIHA
BEMRRE, Mar., 2023.
20. BSRH X, AT ZA, NER BX, B R, Tl iEX, FH R F—L- YUV ZEBCFRP KRRV VICE T 2 FiEE
DIREFE", 5514E B AR EMEREE, Mar,, 2023.
RE
1. BEREEMMEZER H/XE, FBH B, Fil 28X, 0K 3R, “TgL AT RF VBEEA WY —7 L AFRPOER & iR B 1%
FHE”, BAREMEIFESR, Jun.,, 2022,
2. SWEMEEMHGR BXE, BF B, #6K 0t /18 BEZ, Al #X, $5:F 2, “Investigation of preform deformation and
permeability change during compression resin transfer molding”, fcim#4 £ Tt &, Aug., 2022.
3. BARMMEBFIFRE (RB-ERE), KN —Z, H5F R, L TEREINERN (T FFrLrIv—)", BAMEEIER,
May., 2022.
1. FER B AHF RE WEEBER UM EE" FFE2022-179574, Nov., 2022.
2. AHISH B R REGERCATEEBIEDRIES L, FFFE2023-28046,Feb., 2023.
3. BHBNFERANEBBS MO TUTLIOEERE NI TVTLIORIEITERT 28 EERN XU TVTLS”,

45 FE2023-039915.
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ICCAYN=2y TRBICEIT2EZEETHOMRE

Outcomes from Industry-Academia collaboration activities using ICC membership program

AVN=2y TRBIF AZDOREMRBELTEMTEIEICEN. TV T4 —LELTOICCEER U EZEEES
T ZENTERT CSTRAVN—2y TREDMEFH DR FRUZDHERICEL THENLET.

COEENIREE - RABOREROIZRL—23VIZEDBA2EDTH N ICCTIEFHLWEDA —F VIR A —T—
TOEREBRUL ATV /R VREERHBELTVWEET,

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 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 environment for free access laboratory.

EEFMAEIY MRS X #R CT A7 L [Xctal 5000]
HRARLEZERER  Shimazu Corporation

The first domestically produced phase-contrast X-ray CT system,

"Xctal 5000"

UHNCEENDOMBIY FSRAMXRCTY AT Ll Xctal
500017 2022 F [CRFBI NI MHRDXIRCTI AT LTRIEL
TWXRORUNIERICIMZ XROBEL L BITEREZRETS
CENTELRB THMBEHORE L RINELBTVWT—2
DBAVISANREDNTREICH 512, 2018F B ICCEDHR
MAZFHMLU.CFRPICN T 2HEARERT —Y2MBIT2L
ICERH L AEBICDORIFBIENTE,

COYRTLDRRIF BEICLAEEDCFRPADE IS RZ
PETEDIETH D CNETICC/ AVN=2yTREED
BEICEND BHEERT —YDONARREZED TS/ MR
BREDBEETHZHMET 2 ZETEIRABRKORMAEZ
BWEXTFATLIENTER,

SBIFICCAMA LI Xctal 5000&FRVLRELIET,
CFRPZ(ILHETH2MRRARICSHICEBML TULERL,

v N 5

Predicted

V[

T &5A
Takahizo Doki

‘9‘-.

We launched "Xctal 5000," the first domestically produced
phase-contrast X-ray CT system, in 2022. In addition to
detecting the X-ray absorption information that conventional
X-ray CT systems detect, this system can detect X-ray
scattering and refractive information, enabling observation of
microstructures over a wide field of view and high-contrast
observation of workpieces without absorption differences.
Starting joint research with ICC in 2018, we successfully
acquired valuable image data for CFRP and were able to bring
the product to market.

The most distinctive feature of this system is its ability to easily
obtain orientation information within CFRP over a wide range.
Through collaboration with ICC and membership companies,
we have been advancing applied research on fiber orientation
data. By extracting the weakened regions based on fiber
orientation information, we could predict fracture positions with
high accuracy during tensile testing.

We hope to contribute even further to material development,
including CFRP, by utilizing the Xctal 5000 supplied to ICC.
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KB FRP NRILEFRF U= #EERBIRDREICDOWT
VAVRFYLYIYY—FOY Vb
HRAESHBM=HF Mitsui O.S.K. Lines, Ltd.

Implementation of Sail with Large FRP Panels
Wind Challenger Project

EEEELIY—DODHRGHGHEE (X FEN8ENVIZE
BN RAY—EHEBSBEEZRACHEEICRD T, HEEE. D
FNOREMMOEIIVvY IV . TOTI v 3vbizyO—
NILVRBREBEBBEICE T 2RBOBRETT,

MAEEY BCEYERPIRILY —BEDAKEBERXFR
ELTE MDOFERICENTEANICRENENE T TICH
MBAELTOMNEL(MERE. IV I VOHE) (IRAFET
ThNnTWxd,

THRBIIVIIAVEROBICIZ. BARAIRILF—DFRAN
METTRRDNM % Kif E BRIFTDRM TEEFEIEZ /0
VIV VAV RF LY I v —TF,

BEROHIBEYEMEDLEICHKRET 2 EMEEDELY
END ORERICEHEERIFLE T MOELMIBEHR
LI REOEEYZMD LICKRET 258 . FRPOER(E
BARTY,

FMMADFRPOXBERRAEINETHANHDELAMR
BlESN. ZDORIGICEDVWTRIEZ S (FBHKEERFEZTE
BALCEDHAFICADEIHN . FRPIZEHENS L ZKEH.®EAH
EVCARNDNS Y ZREWHCEEBMICEZNEFHRITESS
BNELEN. —ATRKEIFYATA VI HRERTL,

HEDERSD12m X 2.5mDY Y KAy F/INRILEEHEH
EOE T HET2EHI54mMDNETI0R NV EH TEDMICE
HUJERICHEBL TWETFRPARILDEEEBBR DR FH T
fiFICCTEBEETE L. MMDBFICH T BFRPIHEESEEDK
ER—F(IRDEEELTVET,

Shofu Maru underway on wind assist sail
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Total GHG emissions from the international shipping industry
amount to approximately 800 million tons per year, roughly
the same as Germany’s emissions. In international shipping,
achieving low and zero emissions for large vessels is an
urgent global environmental issue.

Vessels are by far the most efficient means of mass cargo
transportation compared to other means, especially for
mineral resources and energy, and the efficiency of individual
vessels (improved hull form and engine) has already reached
its limit.

The use of renewable energy is essential to further reduce
emissions. The Wind Challenger is a project to revive modern
"sailing ships" with technology and the latest materials.

Placing heavy structures on deck raises the center of gravity
of the ship itself, adversely affecting its stability. The use of
FRP is inevitable when large structures are installed on a
ship while maintaining the ship's stability.

The large-scale adoption of FRP on merchant ships is
unprecedented. Standardized and certified iron material is
available everywhere in the world; however, FRP is not.
Using FRP allows for a significant degree of flexibility, and
while it was a bit of a fumble and a struggle to find a
reasonable balance between design, manufacturing, and
cost, it was a very exciting experience.

Several sandwich panels with different curvatures of 12 m x
215 m are combined, forming a hard and telescopic 54 m sail
on a ship. The ship “SHOFU MARU” was delivered in
October 2023 and can carry 100,000 tons of coal with lower
fuel consumption. The development and evaluation of the
lamination structure of FRP panels were conducted by the
ICC. We are confident that this will be a major step in
implementing FRP in the shipping sector.

View from the bridge

3205 Wy, 025}
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Desktop Project: Application of High-Speed Continuous
Forming Process with Double Belt Press

COITERNMBATWEIREY Y R1yF/RRILDEREREE
MO IVDISAICEL T ARKMICEKRER Nz ICCAY
N=2yTREBOALERLADBREENRTCEL.ZTDHER. 7
=T RLADF 74 AHEZ 2  BRERIORRNHNIL B
DOHEEEAEERICED ZENAETIERVWNEDRERICE
DIACCHEDFEHJREBRNDIRIR IO TV M ELTEIEA%
A7 —kUT=,

TN TLRAEFERAL. EHOFEEREBEATZ LI
SN . BIEMEFEOT M7 ILLZERTRIEICLN BE
RERY Y RAYFNRRILESVAEERE T OERNICHETRE
BRIOCADRIEN CEL HNHBOBRET IO RABEE
ERTEENORRE L THEFEABREEEZRK2IZRT X
YN—F BEEADBEICEALTSOICERERIT TV,

T 7AYo bSIMAYN—DBNZT 50

» Material Configuration;

# Process Overview;

Douste et Press [ EEEN

- !/ IMTII-cﬂh
Rapid caring prepre | 4 _J___SP

IMCARBO® LF belt press by appiyieg rapid curing prepregs.

Figure 1. Material configuration and Process overview

Transfer film
Prepreg

Prepreg

Figure 3. Double Belt Press for sandwich configuration

‘owlinuous proces sl ever 30 m/h is possible using a double

36

IPCOKRHA &t IPCOKH =

Mamors Sakamoto Junichi Kitada

REFHRGXSE KRBRORGISHE

DNp AR B2 B0 it

Toshiyuki Tanimura Mideki Sekiguchi

We had many discussions with ICC members who were
interested in the application of "Continuous Forming
Technology for Large Sandwich Panels" that we were working
on at COI. Therefore, we concluded that lightweight desktops
would enable the easy creation of one's own work space amid
the increasing number of offices with free-address systems,
and ICC organized the project and launched it as the
“Desktops Project.”

Using a double belt press (DBP) and applying the products
developed by each company, we verified a process that
enables the continuous production of paint-free sandwich
panels at a high production rate. Figure 1 shows the material
configuration and process overview. A photograph of the
finished desktop product is shown in Figure 2. Members intend
to continue discussions regarding the challenges of
commercialization.

The participating members are introduced below.

Figure 4. DICARBO®
LF(uni-direction)

Double-belt press molded
DICARBO® LF (plain-wave)
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Figure 6. Layer composition of
transfer film

cor i > JPaper honeycomy
: Paper honeycomb [+]
Paper honeycomb

Figure 7. TACTech®wPH
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Figure 8. Tow Prepreg Figure 9. SETTAC
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TV OB ZRRIERTREARBELA O RAEE(RE-
NILNEE) ZREHRT, (K3)

@ DICKkR =1t

[DICARBO® LF|I3.CFRPOAEEMRRA EEEEBODATRIL
F— N AR T) TL I THD. Y My I AR LT L
IV (AF) TV L— b ERRL BERBLEEREEREEET
S U7z [DICARBO® LF(Z. 71 LTV < INEEMENTED S
TINILN L ZBFEICEWT ERELEE K DENT ZENTE
%o F1- ABRBEEREL (100°Cx55) NN ATRE T iR M £ DEE1L
2BV BREROMRMADRZEA DT TE LN TES,5E
D7AT T M TIEEEICH Y Ry FRARILERIELZ D E%HE
- RA R, (K4)
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[ACTech®wPH J&REBHEDOR L — X DRE % HBELEE L
b (FRPB) CO—T 1 v/ LizE—XEeR—N—N\ZhL%
HABDOE-EARM THB.R—/I\—/N\ZHLNET B BE
EACTech®PFMAYE T 2 EHE. EAMREARE LTV 2. 861
EEETHIECEBREKOEEARIET 2MENEHINTW
.Y RAyFNRILEMELTERLZEE R KIBABR (1%
HETES, (K7)

® IR/ KRS/ X/ TUOZV AR SR

SR/BEVIR ) FOZOATIEI LD KNEL KD REE%E]
ZRFET—VICCFRPEBODEEREMAZL TV, ZOHIC FIFHE
BEKAREIMIRAIJABEKRY VY IAIFT N D TUTLT DS
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RUTWBBIRILTFEPSEIOXRIRN 1 206 TH 2, (K8, 9)

37

TR &SP
ISP poxmn
— idehivo Sasali

KIT &RTEA: SRIEKRZICC
icc FE EE

rrovasive Compasite entes g
Masanori Nakajima

@®IPCO K.K

A feature of the fixed-roller DBP is the ISOCHORIC press
system, in which the clearance between two steel belts can
be controlled. We show that the surface and core materials
can be laminated to prevent excessive compression of the
core material by adjusting the clearance and pressure
depending on the material composition. Furthermore, we also
demonstrate the optimized process (temperature and belt
speed) using process simulation and can laminate and cure
the prepreg to the core material simultaneously. (Figure 3)

(2 DIC Corporation

“DICARBO® LF” is a thermosetting prepreg that can improve
CFRP productivity and save energy during production.
Urethane (meth)acrylate resin is selected as the matrix resin
to achieve both fast curing and storage stability at 23°C. It
also exhibits fast curability in DBP molding. In addition,
low-temperature fast curing can be achieved, and when
combined with other materials, the thermal effects on the
other materials during molding can be suppressed. In this
project, we demonstrate this phenomenon by creating a
sandwich panel. (Figure 4)

(3 Dai Nippon Printing Co., Ltd.

The functional film used in this study is a transfer film with a
hard coat (HC) layer, which is highly cross-linked by
electron-beam curing on one side of the base film. The HC
layer is drawn into the DBP machine such that it is in contact
with the prepreg surface, and the base film is simply peeled
off when it exits the DBP. Decorative and functional films can
be used for decoration, bacteria/virus resistance,
lightning-strike resistance, and electromagnetic shielding.
They can also be applied to various forming methods, such
as vacuum pressing and induction-heating pressing.

® JSP Corporation

[ACTech®wPH Jis a composite core material that combines
beads coated with thermosetting resin and reinforced fiber
with a paper honeycomb. It combines the bending strength of
the paper honeycomb and compression and shear strength
of ACTech®PFM to prevent buckling that may occur if the
core material is thick and the surface plate is thin. When used
as a sandwich-panel core material, it enables significant
weight reduction. (Figure 7)

(® MIZUNO Corp./MIZUNO TECHNICS Corp.

Mizuno and Mizuno Technics are engaged in the business of
CFRP products under the development theme of "stronger,
lighter, and more impressive." One of these products is "Tow
Prepreg," which is used for high-pressure hydrogen tanks for
the TOYOTA "MIRAL" “Tow Prepreg" is an intermediate
material, in which carbon-fiber bundles are impregnated with
resin. We propose a desktop application using the
carbon-fiber residual yarn generated during the production of
“Tow Prepreg” (Figure 8 and 9).

Reference
1): Development of the continuous forming process of large sandwich panels.
https://www.icc-kit.jp/assets/pdf/download/index/ICC_annual2019.pdf P23
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TILTekREet ARKEMA K.K.

Fabrication of random-sheet based on high Tg polyamide matrix UD tape

TIWVTRT =375V ZDLERA—H—THN . 100%EH
ESRDRY 7 I R EEHR AR PTE SR Z DRV L TWE
T AVRYY FOERTIFHSETI N BN ERISHEE YA
IR 2SR B VRD Y MIBRERIGEOEFHR &
ELZ BRBEEARRAEBIE (ELium®) P REBHEUDT —
(UDX®) E WS FIBIEWT 7A—FDIREEIT>TVWET,ICCE
DHEBHAETIEI—BEIEHREADPZECETgRVT7IRNTHS
Rilsan® Matrix®~¥ k)27 2& L=UDX® PPAZRHW SV A
U= MREORBECCERYMETME WS> ERNG MR EE A
BERZEEHIC(R) . Uy IOFHNBRICEIT25 VY LY —Mb
[CEDRELY A DB NDOBRADRFTET>TWETLJEC
World 2023 ¢(ZICC- v an+/ Bt s HRATHRFE LYY FIL
HUHT—2TTBRWZLELZ(K2),

() Without HT film (b} With HT film
S60°C Mold 20 e — Oven 330°C Maold 200°C
—Temp {inside)

Pross —Thicknes Fress

o
BHEXE
Fumi Ariura

Arkema group is a French company who plays a role of
strong leadership in sustainable materials world with a
flagship product, 100% bio-based polyamide PA11. As
advanced material supplier, Arkema is also developing wide
range of innovative and sustainable thermoplastic
composites such as in-situ liquid resin (Elium®) and
thermoplastic CF UD tape (UDX®). In the frame of Joint
research activity with ICC, we had been working on the
process optimization of random-sheet using UDX® PPA
which matrix is partially bio-based high Tg polyamide (Figure
1). 3D formed random-sheet sample prepared in
collaboration with ICC and Suncorona Oda was presented at
Arkema booth during JEC World 2023 (Figure 2).
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Figure 1. Temperature profiles of random-sheet during quick-press process: Figure 2. 3D formed random-sheet sample

(a) without Rilsan HT film, (b) with Rilsan HT film.

presented at JEC World 2023.

ICCAYN =2y THIEIE ICCEIVRIY MERDYTIA FSREL T REDESFE(CAABLTLSI>FZEMICLT
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DFEIHEAT (3 BB SARARZED 2 LD 6 I CCOMBRARRBEA VN =y THEZBLIRY N7 —0%ERTSZ
ET ENBETILICEANARMAEEDDZENBTHEHRNET,
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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, activities continued to be restricted due to COVID-19. However, as shown in the examples below, many
results were from joint research, and we started industry-industry collaborations that extend beyond the ICC

membership program, using the ICC as a platform.
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