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Overview of the Innovative Composite Materials Research and Development Center and the COl STREAM Program
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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 eighth
year as an international center for scientific innovation.

This fiscal year was the second year of the COVID-19
pandemic, and thus, prevention measures were fully
implemented from around July as a response to the New
Normal, resulting in some users from external companies
returning. The number of ICC research users was
approximately 1,600 this year, 55% of the average but 15%
more than the previous year.

To accommodate the New Normal, the DX has been enhanced
to allow web meetings from each ICC room for external
research users. A reception system linked to cameras that can
measure the body temperature of staff and visitors has also
been installed. The camera's facial recognition function and the
obtained body temperature logs are linked to visitor information
to streamline reception work.

The number of ICC members, i.e., researchers accepted from
companies, has fortunately remained largely unchanged, owing
to the convenience and improved content of the Member’s
Forum, which is held online or hybrid instead of the
face-to-face mode used in the past, and the enhancement of
the technical bulletin, which is only available to members.

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 project enabled low-cost, mass production of lightweight,
high-strength, and long-life composite materials through
innovative manufacturing technologies and achieved many
successful societal implementations. In parallel, the project
also entailed the construction of a platform to promote
under-one-roof research and development with many
institutions and companies. As a result of these achievements,
the COI-KIT obtained the highest overall evaluation rank of "S"
in the post-evaluation report by Japan Science and Technology
Agency (JST), which summarized the entire nine-year period.

As a mechanism for sustainable innovation in the future, the
ICC has launched a venture company, "ICEM," which provides
a one-stop service for product development, from prototyping
to evaluation. This is a ground-breaking mechanism in the field
of composite materials.
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1 Amendment to ICC management regulations

There were no revisions in FY 2021.

2 Acceptance of researchers

This fiscal year, 54 researchers from 43 institutions were
accepted as ICC members. While COVID-19 has reduced
the number of new companies registering as members, some
companies have continued to register and have increased the
number of registered members by two or more.

3 Implementation of ICC users’ initial training and
safety activities

Restrictions on the use of external research were gradually
eased and moved to the new normal, according to the
'Guidelines for Restricting Activities of Kanazawa Institute
of Technology School Corporation to Prevent the Spread
of COVID-19 Infection'. As a result, the number of ICC
users increased to 77, including users from companies
and students, and recovered to 68% of the number before
COVID-19.

4 Patents

The number of patent applications related to manufacturing
equipment for the COI program has increased both nationally
and internationally, with three registered in Japan. Four
patent applications and one registration have been issued for
ICC.

5 Acquisition of external funding

This is the final year of the COIl program, and external
funding excluding the COI program has increased by 55%
or over 60 million yen over the last year. In addition, a
commissioned test using ICEM, a venture company
originating from ICC, as a contact point began at the end of
the year, with annual sales of over 10 million yen.



6 HA%E - RPEGE

ICCOFIRAERIZ. JOF B TEAZDOFRNEEN S LR
SN+ X2AO0FHEDARICE>TEREIEE A DEAQ
DHIBRERFEL TH =D HRADIOHDAFTE IEHIEDF
2 (2020FEEELRAE) ITAD  BEEEFFEDT/3UT (2020
E/EF1/T0LF) (The> 7z,

—> p35 &R 05

7 R2REESEE

ICCTIH AEABRUNEEZECEDETHILLERY
Eifo#EHE=EEL T\ 5,

2021 EEHMGE L TRBEEE T RNAHY —REBEBEICT
TPRNAY —%2Z AN BERERAAERFICEVWVTHEEE L
DMENIREDFITOWTT RN REED ST,

8 WEBFRMRALRERSER

NEHZEDOMMER P RMRE N BERHEE| Q8FER
E)ICEDBESNIER REOHAEH EHBR(L >
FILSR) 2% (RLKkX 2t KERTERX W) PIFFEE
SNBMELD SMEFITENABRFL LD HAERE(CH
(FIZRAREAMESN TN,

9 COl REERBOEE

ICCH2013FELNENN A THEIZESRIERFECOINESH
MRICKDRMRA VTSV RATLAOBE ~Z D - L THIER
EHETEIHHERHENDERRE~|F. AEEIRTLETNE
EHERT U

AREET —VIIREDI B HRERICESLEDIF6R
BTHHIEOD KERIFTA VIV ATLICEVWTI—
NDERAFEEHELEEGKERSTZFRPHP. E<DEEX
LT HMEMRICHESEEINTYYavyAy R
ERELMBENBON . L HROFHUS LD TS b
T4+ —LAPICAMRY N T =05 BELIZAERBEO LV
REULTYYSTERFMI T AZCOIIHETFES >V SIFF
fli& A >7=,

RRARCOIELTCOIEBLTHEELLICCALTIEDA—T
VA R=2 AV TIYRNTA—LDRFREFNL.ERKDOKE
MRBEBONREBZ MR EFHNEEELBEICLDZYRIIXIC
ENEBRNICA / R=—y a3V EEHHITRATERERRT.

REOHREFMERERNEERIFMES >V 7 TRDOED
ThHd.

—> p36 &K 07

6 Users and visitors

The number of external research visitors accepted for
research was half the average this year (equivalent to
2020), and the number of general visitors was less than
one-third the value observed for an average year, before
the COVID-19 pandemic (slightly higher than 2020).

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 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) have been
utilized to accelerate product development for practical
applications. Two companies (Toray Industries, Inc. and
Daido Kogyo Co., Ltd.) employed the rental laboratories,
thus occupying four out of five rooms.

9 Management of the organization for advancements
in COl research

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 this
year. Even though only six of the 19 R&D themes have been
implemented, significant results were achieved with an FRP
rebar that met user specifications in railway infrastructure
systems and tension rods that were implemented for seismic
reinforcement to maintain many important cultural assets. The
COI-KIT also received an overall evaluation rank of "S" in the
JST post-evaluation report as an excellent achievement in
terms of building a platform and human resources network that
will serve as a base for future activities.

The ICC aims to form a center for sustainable innovation
through the monetization of research activities and industrial
support beyond the boundaries of traditional university research
organizations by utilizing the characteristics of the ICC's unique
open innovation platform established by the COI project.
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The impact of the spread of the novel coronavirus on
collaborative activities between industry and academia will
continue in FY2021. The ICC continued to take thorough
measures to prevent infection and negotiated with the
College Headquarters to ensure that, under certain
conditions, researchers from industry could carry out
necessary activities at the ICC.

In addition, 2021 was the final year of the COI program
(national project), one of the major projects implemented
by ICC, which required the construction of a sustainable
platform as well as the social application of the results of
research and development. Therefore, the ICC conducted
a study on how the center should proceed after the COI
finished. As result, a new business organization, ICEM Co.,
Ltd., was established to function as a new contact point of
the ICC so that companies can continue their research and
development activities using the ICC as a platform, which
goes beyond the traditional framework of the college.

1 Activities of ICEM Co.,Ltd.

As a platform where companies can gather in an open,
under-one-roof environment, the ICC has been
collaborating to bridge research and development at
universities and business activities in the field of application
technologies for composite materials.

Companies using the ICC as a platform can carry out
research and development in collaboration with the college
during the exploration phase of technology seeds. In the
practical development phase, when companies need to
further develop and evaluate prototypes, a contact point
that is different from that of a conventional college is
needed to better utilize the ICC’ s facilities.

The ICEM was established to fulfill this role. The ICEM has
established comprehensive contracts with the college and
has traded with companies on a commission basis. Through
the ICEM, companies are able to fully utilize the ICC
environment and carry out their research activities for
practical development.
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2 2021 industry-academia cooperation topics

1) ICC Members’ Forum and ICC Innovative Edge
magazine for registered members

The Members’ Forum of ICC membership registrants, ICC
researchers, and others continued to be held almost
monthly in FY2021, albeit online. A variety of contents were
planned, including lectures by external speakers, research
presentations by ICC researchers, and technology
introductions by companies registered as members. This
provides an opportunity not only to share knowledge but
also to promote networking among relevant parties despite
taking place online.

To complement the online-centric activities, a membership
magazine, “ICC Innovative Edge,” was published in 2020
and distributed monthly in 2021. Each issue contained the
latest developments from the technology and industry
sector from a wide range of news sources organized by Mr.
Yoshio lzuka; in addition, the magazine included, for
example, commentary on the JEC Innovation Awards,
commentary on overseas trends on the theme of
infrastructure, reports on participation in the international
conference ITHEC, and research introductions by ICC
researchers. The content of each issue was planned to
enrich the readers from the ICC membership registry.

2) 2nd Hokuriku Composite Conference (online)

The first Hokuriku Composite Conference was held in
November 2019 with the main aim of linking Japanese
companies in the composite materials sector and facilitate
international networking. The second conference was held
online on October 6, 2021, and was co-organized by the
ICC and the Hokuiku Advanced Composites Material
Association.

International speakers included Prof. Yentl Swolfs, Emeritus
Professor Ignaas Verpoest of the Catholic University of
Leuven, Belgium, on “Hybrid composites: from academic
research to industrial applications,” and Dr. Bastian
Brenken of the German industrial cluster Composites
United, on “Activities of Composites United — Advantages of
a Japanese-German collaboration.” In addition, Japanese
companies that provide services to support new
developments in the field of composites introduced their
businesses.

3) Promotion of national and international cooperation
activities

In FY2020, the ICC was one of the first nine sites in Japan
selected under the Ministry of Economy, Trade, and
Industry’ s (MET]I) regional open innovation center selection
system (J-Innovation HUB). In FY2021, the ICC actively
participated in the events of this project and conducted
outreach activities on industry-academia collaboration and
platform building, for which the ICC was highly regarded.
The Composite Highway Consortium conducted activities
with the support of the Chubu Bureau of Economy, Trade,
and Industry of METI until FY2020. However, in FY2021,
activities were conducted solely with the resources of the
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changes in the consortium members, the main resources
for activities changed from the previous year and we
worked hard to share the understanding that the same
approach and stance as that of the previous year were not
possible in the management of the consortium. In this
context, the fifth Composite Highway Award, which leads to
new business development, along with the annual plenary
meeting took place online in 2021, with the ICC as the
secretariat.

Furthermore, in collaboration with the Hokuriku branch of
METI, the ICC organized a seminar on highly functional
new materials and intellectual property (design) and a
report on the results of companies involved in digitization
support projects.

International networking and outreach also took place to the
extent possible, and ICC Director Uzawa gave a
presentation at the SAMPE Virtual Summit 21 Paris, an
online conference organized by SAMPE Europe, in May
2021.

3 2021 Topics of educational activities

The ICC makes use of a variety of large manufacturing,
testing, and evaluation facilities, as well as laboratories for
practical classes and conference rooms, and is involved in
seminars, workshops, and lectures aimed at industry. In
addition, discussions on educational collaboration with the
college take place as educational activities utilizing the
ICC’ s industry-academia collaboration platform.

The special postgraduate lecture course on composite
materials “Highly Reliable Manufacturing (Composite
Materials Area) Special Lectures | and II,” which has been
offered to working persons since 2012, has been conducted
as a joint workshop between working people and students
since FY2019. In AY2020, due to the spread of the new
coronavirus infection, the recruitment of working people was
abandoned. In FY2021, however, the recruitment of working
people was resumed by combining online classes. In the
first semester, lectures were conducted online with a focus
on classroom lectures. In the second semester, when
molding practice and test evaluation were conducted, a
combination of online and practical training took place in
person at the ICC.

In addition, a series of introductory courses on composite
materials was organized by SAMPE Japan in an online
format in 2021. One of the four lectures was organized by
the ICC, with researchers and technicians taking the lead in
creating videos with practical content and incorporating
them into seminars.
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S0 3(2021) EEDWEES Research Activities in Fiscal Year 2021

2021 F£ED ICC DIAERFEDBE Overview of ICC research activities in FY 2021
ik EFEEI—FT 1 k—%— : Y. Saito Coordinator of Industry-Universituy Collaboration
RO $E5 / #3% : T. Sekido Senior Advisory Engineer / Professor. #2:2 Fif / ##% : K. Uzawa Director / Professor

NEDO 3%t FC EBZEAMOZH Participation in NEDO Innovative FC Project
5 328 : M. Nakajima Researcher, #:% P& / #% : K. Uzawa Director / Professor

Composites United ( |H CFK-Valley) K1 VE#IZDWT : HiPeR 7Y TV k

Collaboration with Composites United, Germany (formerly CFK-Valley): HiPeR Project

AH #ZRE : O. Ishida Researcher, FiE EFE# 1—7 1 *—%— ! Y. Saito Coordinator of Industry-Universituy Collaboration,
Bk SEEE T —L : R. Tohdoh Strategy Planning Team

=5 [3REFZICE D FRP By ROBRFEHS SO 77)LAY HEEER FRP rod molding by high-speed pultrusion and alkali resistance test
LI #3528 : H. Yamashita Researcher, fAZ #2ffi : H. Matsumoto Engineer .
M - 122 - 212 BTEE : H. Ueda, A. Hokura, E. Sugimata Researcher

BRESRESIVBERSFEICES UD T—FDHEFE Molding of UD tape using melt impregnation and ultrasonic impregnation
LI #2282 : H. Yamashita Researcher

IH2=Zy hDERICEZEEFERY 7ILRILNFL R (DBP) 7H+t R Rapid-heating Double Belt Press (DBP) process using Induction Heating units
F£H - JLH ffi3RE : O. Ishida, J. Kitada Researcher

Rilsan/CF 7 —7%ERA L5 V5 LY — MERESHE Random-sheet fabrication using Rilsan Matrix/CF UD tape
AH ffR 8 : O. Ishida Researcher . 3E £:£f : M. Hori Engineer

HMNTHEREICED CTT 7L R EE DFEF MO
Research on analysis technology for CTT press molding behavior by measuring apparent viscosity
H¥ - EH #ff%EE  T. Shirai, H. Ueda Researcher

XIRBIAE A X — IV T RAMTIC & D CTT BRF MR R AR AT & B AR I T R B AT D B 5%
Fiber orientation analysis and mechanical property prediction for CTT-molded products using X-ray phase imaging technology
HFF #FEE : T. Shirai Researcher

WAHIFMI IO ERICHFZVIHELEEBROTZE
The influence of laminate configurations on wrinkling shape in partial bend forming process
A M E : K. Nunotani Researcher

RTM 7Ot AANDIRIGE ARSI ERIBEDEA Resin Transfer Molding using in-situ polymerization thermoplastics
2 I8 : K Nunotani Researcher, {£XF - &% - 3F - 250 $2E : T. Sakuma, N. Inui, M. Hori, S. Noguchi Engineer

BERAER(CHIT2REMMERC T HIEOIRENZE D TE
Evaluation of Vibration Behavior of Carbon Fiber Reinforced Thermoplastic during Ultrasonic Welding
Il - A= #fFRE : S. Kawasaki, O. Ishida Researcher

BHEMBHCEHZE =5 A5 DBIR Development of resin technology that brings innovation to composites
7aE - I - figiE AR E - H. Nishida, H. Yamashita, M. Inagaki Researcher

IVIZFIVTEREYR— T 5 ICC DFHEIHTER{E ICC’s evaluation and analysis facilities to support engineering work
B - fE1E AR E : K. Uemura, M. Inagaki Researcher, &7 #2Ef : K. Hashimoto Engineer

ITVTILT =Y DB ET—9R—Z2{EADELN #J+ Acquisition of material data and database creation
A AW © H. Matsumoto Engineer . LT #f32& : H. Yamashita Researcher
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ICC AVYN=IYTRBICHITZEZEETIHOMRE

Outcomes from Industry-Academia collaboration activities among ICC membership program
X =ZF7 I HI)LEHK St Mitsubishi Chemical Corporation

XAk %E  Maruhachi Co., Ltd.

XAV T — LK St KOMATSU MATERE Co.,Ltd.

2021 FEDICCHOMTRADHRE

Overview of ICC research activities in FY2021
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W\, https://www.icc-kit.jp/coi/seika/)
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Yoshihiro Saito Toshihide Sekido Kiyoshi Uzawa

Research activities in 2021FY marked a major milestone in the
final year of the Center of Innovation (COI) program, which
has been a major project of the ICC since its establishment,
and compiles the results of nine years of R&D. The final report
conference in November was unfortunately held online due to
the limited accessibility of the COVID-19 pandemic, but it was
fruitful to be able to provide intensive information through
live-streaming and the web. (The research results of the nine
years are still available @ https://www.icc-it.jp/coi/seika/).

1. COl research activities

As for the results of the COlI’s final year, the ICC has worked
on application industrialization and developing fundamental
technologies that will further expand applications to achieve
the future vision of 'Construction of next-generation
infrastructure systems using innovative composite materials -
Realization of a safe and secure society that can coexist with
the Earth for centuries'.

In the development of FRP rebars, which was a priority theme
for social implementation, discussions are under way on the
transfer of technology to a company and start-up of a
production line for application to the Linear Central
Shinkansen Line. Furthermore, with the aim of expanding
application to the general civil engineering field, ICC carried
out trial structure design and evaluation tests, and it was a
major achievement that data was presented to enable design
in the same way as with legacy materials (e.g., steel rebars).
The composite rod, for which end fixation was an issue, has
been adopted for seismic reinforcement of wooden buildings
thanks to the invention of end fixation using the characteristics
of thermoplastic resin, and this has been another vital
achievement (patent pending). In the development of
heat-resistant resins, acrylic resin performance with a Tg
exceeding 250°C and semi-organic (silsesquioxane) resins
with a heat resistance of 500°C was confirmed at the material
level in terms of basic technology, demonstrating new
possibilities for composites in the construction field.
Furthermore, the construction of the collaborative project’s first
wind-powered vessel is currently under way, and after an
operational test of the FRP rigid sails, actual operation is

Rigid sail of the 1st wind powered vessel under construction

Web page of the COI Final Report Conference
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2. COIUANDMEEEN & ICCORRFAEIZDWNT
COIUANDIRFEENCDWTIZIAFBOBEFIBRHLIH S H
TlEH =M FIEL EICE <D REEDERBAFRLHED NI
BLLERTE
ARAREDMDEIREEZLDETIE. 2050FEDH—KRY
Za—bIIILEBEL.2020F12BICRRSINEI) —VEERE
BEICEDKENTF TOFEHN AL TWDFICEEDLIRIL
F—AHFICEVWTIMEARBRDN O KEANDERBRIREINKEL
SOERIBETCHDI. F-BEIREIRILF—DABFTIEEL
BAKBORBELRBANRRINIETCRRICEELICH
Y TSA4FI—VDBENEHFDODH D CNODEFICE
WTIE. COITBIFET—VEeAKRIC.BERRE CREMLE
EMBHEIRCZIEDTERVWEELRKREZE->TVWDEE R 5,
Z5WVW2 AR ICCOFHICEVWTED—RYZa—rFILIC
B 2MERAAEISENINEFTETHD. EEMNICIEKRATT
BARRODERERICRKZIEDHERBWVWEEKRYVIICDOWVWT
NEDO R EER A ORI K IZ M /- B EERRE
EXYEEEMEARAAEE|ICERMNLRERTOREZITWV. 7
OV h229—MLTWB. FEFERAICEALTIZCOIN
LU CEADBBICHES L-EEHEE FRNDEEOME
ICEDBATVWSD HRTEREREDKFHEBRENHREE
ELTVWERRATIDHEETIIEATHEITT Vestas.GE, ¥ —
AVREESTZBAA—D—DTHITERZIENBERINDE
ZAHATHN BAROMBFZMERZ LS EEHBAEICOVTIL
SIEHmENMEEED TV AHTH S,
ZDESCH—RYZa—+bIIILORBICEAITTEETRIE
Keyt 2 M TH a0, —H CTHRHICRBMMEFEEROIRIL
F—HAREVWIE MBZDEDHEBERTH D ZEHDFZA
BBERNDDHD.FLIVTAI7IILIIOVWTHLBEICHEMARKRER
WEEZMOET LT TR HER/FNID VYA IILZAREIZT S
BAEDH S PHAREMIOVWTERAREL>TWVWD, ZDLS
BEENOICCTIIRRDEEREMRRRMME T TRBERE
ERARATRONBRMPHEE X CREICANLBESE
AREAMBORTERABLTVWD SOICEERFICEVWTIZ
VIV TEM VI al—YavEMEICLIDBEIRDOTY
FIIEERZZET B/ IKNEMOBEMEZERRBEELT
SKEEEED TOWEHETH S,

Vertical-axis wind turbine (by Albatross Technology LLC)

Hybrids of natural fibers and CF

scheduled to start in Fall 2022.

As many social implementations have been continuously
produced in this way, the project received an “S” in the funding
agency’s final evaluation. Although the COI project has come
to an end, we plan to continue developing the results and
promoting social implementations in the next fiscal year and
beyond.

2. Non-COl research activities and the way forward for the ICC
Regarding research activities other than COlI, although there
were restrictions on movement due to COVID-19, we were
able to conduct joint research with more companies than in
previous years and obtained new external funding.

In terms of changes in the environment surrounding research
and development, activities in various fields based on the
Green Growth Strategy announced in December 2020 by the
Ministry of Economy, Trade and Industry (METI) with the aim
of becoming carbon neutral by 2050 are now in full swing. In
the transport and energy sectors, the shift from fossil fuels to
hydrogen has been indicated and the realization of a hydrogen
society is a topic of discussion. In the field of renewable
energy, the government’s announcement of the large-scale
introduction of offshore wind power generation (45GW) is
rapidly moving the supply chain towards industrialization. As
with the themes set out in the COI, lightweight, high-strength
and long-life composites play an essential and important role
in achieving these goals.

In this context, the ICC's activities should also focus on
research and development that contributes to carbon
neutrality. Specifically, in the hydrogen field, ICC has proposed
an innovative manufacturing technology for high-pressure
hydrogen tanks, which are indispensable for the transport of
hydrogen, to the New Energy and Industrial Technology
Development Organization (NEDO), resulting in a new
industry-academia-government collaborative R&D project on
fuel cells”. In the area of offshore wind power, we have been
working since the COI on the development of vertical-axis
offshore wind turbines that are suited to Japan’s environment.
At present, conventional horizontal-axis wind turbines
dominate the world, and there are concerns that if this
continues, Japan will become a subcontractor to leading
overseas manufacturers such as VESTAS, GE and Siemens,
so the ICC continues to work on vertical-axis wind turbines
with the aim of establishing Japan’s original and unique
technology.

Composite materials are a key technology for realizing carbon
neutrality; however, carbon fibers, in particular, require
substantial energy during production, and the fact that the
material itself is derived from petroleum poses a new
challenge. It is essential not only to extract expensive carbon
fibers, but also to design and utilize a resin system that
enables recycling from the manufacturing stage. Against this
background, ICC has started to consider not only conventional
high-performance carbon fibers but also environmentally
adaptable composites, with a view to the use of natural
materials with low environmental impact and local production
for local consumption. Furthermore, the ICC plans to digitalize
the manufacturing process using sensing and simulation
technology among others, and to advance manufacturing
technology sophistication as a priority issue in the coming
year.

NEDOEFHFCEEANDSH

Participation in NEDO Innovative FC Project

NEDOIM K EMZEF A ORBRILKICA (T 7= HBRER R
PEFEEEMERAREET) IOQEICH LT KRB R
DHBICEVWT @ RIERFICCRUREREIAZ HAKX
PR/ T R(R) DAEEIZ. 2021 FEEICEMRFCY
(Fuel Cell Vehicle: MBI EHBENE) [T KRV 7 DEER
MORRAETVW RSN, 7OP TV bERY—hESET,
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TADEAEDEICKD SHDYA VLA LaRR . SEENE
ICRET %,
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Reference
1) https://www.nedo.go.jp/news/press/AA5_101458.html
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Figure 1. Innovative hydrogen tank production technology

tE EE
Masanoti Nakajima

In the field of hydrogen storage technology, four
organizations, Kanazawa Institute of Technology ICC, Tokyo
University of Agriculture and Technology, Nihon University,
and Mizuno Technics Corporation, submitted a proposal of a
hydrogen tank manufacturing technology for innovative fuel
cell vehicles (FCV) to the New Energy and Industrial
Technology Development Organization (NEDO), which is an
industry-academia-government collaborative project for R&D
in solving common problems owing to the dramatic
expansion of fuel cell uset, in FY2021. The project has been
accepted and started.

The purpose of this project’s R&D (Figure 1) is to incorporate the
needs of the industry.

1. The proposed concept divides the cylinder and dome sections
into separate preforms and the amount of carbon fiber used can
be reduced to reduce costs by using optimal bonding.

2. Additionally, the proposal combines the segmented preforms
and resin transfer molding (RTM) processes by developing a
new resin that utilizes the redox reaction to achieve a cycle time
of five minutes, resulting in high productivity.

The roles of the four organizations are shown in Figure 2. ICC is
responsible for the development of the new resin, forming
technology for the dome section preform, and the RTM molding
process. Nihon University is responsible for the high-speed
forming technology for cylinder section preforms. Tokyo
University of Agriculture and Technology is responsible for the
study and analytical evaluation of the optimal bonding
configuration of the segmenting preform. Mizuno Technics,
which manufactures tow prepregs for the current Toyota MIRAI
hydrogen tank, is working on high-speed impregnation
manufacturing technology for the newly developed resin tow
prepregs. The four organizations plan to cooperate in the
verification of the segmenting joint concept of the hydrogen tank
in FY2022. This is a four-year project and a detailed report is
expected to be made again once the final report is completed.

New Energy and Industrial Technology
(_NEDO Development Organization

High-Pressure Hydrogen Tank Innovative High-Rate
Production Process Development Group
Group Leader(GL) : Kiyoshi Uzawa

Kanazawa Institute | | Tokyo University of . . . MIZUNO TECHNICS
of Technology Agriculture and Nihon University CORPORATION
S XT e~ Technology _ ~
icc TAT mromm= B winon uuivessiry x.
eUltra high-cycle ®Analysis and design  eUltra-high cycle e®Demonstration of
manufacturing technology. manufacturing high-speed resin
technology. eMaterial evaluation.  technology. impregnation
®REDOX curing resin. technology for
Tow Prepreg.

Figure 2. Research and Development Scheme
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Composites United (IHCFK-Valley) R V&E#ICDWT:

HiPeRZOY 7 b

Collaboration with Composites United, Germany (formerly CFK-Valley): aH B B &b Bk ORT

HiPeR Project
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Figure 1.
rCF nonwoven fabric (left) &
Double Belt Press (right)

Ousuke Ishida Yoshihiro Saito Ryoko Tohdoh

The HiPeR project launched in 2020 in collaboration with
Germany involves eight partners, four each from Japan (including
ICC) and Germany. It aims to develop highly oriented intermediate
materials made from recycled carbon fibers (rCF) and apply them
to components in the aviation and automotive industries.

While the demand for carbon fiber reinforced plastics (CFRP) is
increasing as aircraft and vehicle bodies become lighter, most
scraps and used products are disposed in landfills, necessitating
the urgent establishment of a recycling system. In addition, the
reuse of recovered fibers has not yet been industrialized because
of the unbalanced price to performance ratio with no standard, that
is, low performance and high cost. Thus, there is a need to
establish a complete recycling system that covers the
development of CFRP recycling technology and the re-use of
recovered fibers.

This project uses two types of rCF, rCF extracted by pyrolysis and
CF recovered from scraps, to produce a high-performance rCF
sheet by improving the fiber orientation as much as possible.
Furthermore, the Japanese team focuses on the press molding of
thermoplastic matrix (PP) with a focus on products for automotive
applications, while CTC, the R&D center of Airbus, aims to
develop an RTM with a thermosetting matrix (EP) for application in
aircraft structural components. This is followed by tests,
evaluation, and analysis, and, finally, the production of a
demonstrator.

ICC’s responsibilities include impregnation of the rCF sheet with
PP for prepregging, conducting coupon tests, optimizing the
impregnation method, and providing technical support to the
project partners. Specifically, rCF nonwoven fabrics (Figure 1, left)
and PP resin film are alternately laminated, and a double-belt
press (Figure 1, right) is used to continuously impregnate the resin
into the sheet to produce long prepregs. It is important to ensure
the consistency of impregnation and thickness to facilitate press
forming during the subsequent process. The ICC organizes an
online meeting for the German and Japanese project partners
every month to exchange information on the progress from each
side.

The HiPeR project is expected to solve the price to performance
ratio, which is a major drawback of the widespread use of recycled
fibers, by improving the performance of materials and contributing
to the creation of a sustainable recycling industry.

xHiPeR partners: C.A.R. FiberTec, CTC, FIBRE, STFI.CFRI, IHI,
Moriroku Chemicals, ICC
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FRP rod molding by high-speed pultrusion and T &
alkali resistance test Hiroshi Yamashita
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Figure 1. Retention rate of tensile strength in alkali resistance test of BF.
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Reinforced-steel bars in concrete are prone to corrosion
induced by moisture, seawater, and antifreeze agents.
Therefore, regular maintenance is required. FRP (Fiber
Reinforced Plastic) bars are being researched and developed
as an alternative to steel bars. ICC has developed a basalt
fiber (BF)/ polypropylene (PP) rod by high-speed pultrusion
using the melt impregnation method. In FY2020, we examined
the selection and amount of compatibilizer to be added to PP.
Through modifications to the equipment, a molding speed of
45 m/min was achieved.

In FY2021, we obtained three new types of BFs and
conducted an alkali resistance test to select the optimum
material. In the alkali resistance test, BFs were immersed in an
alkaline solution imitating the components present in concrete
at 60 °C for a predetermined number of days. Following this,
the single fiber was subjected to a tensile test. Figure 1 shows
the graph of the rate of decrease in the BF tensile strength
with the number of days it was immersed in the alkaline
solution. The tensile strength of each of these BFs before
immersion in the alkaline solution was about 2-2.8 GPa;
however, after immersion in the alkaline solution for 28 days, it
decreased by about 70% in No. 1, by more than 80% in No. 2
and 4, and by about 50% in No. 3.

To verify the compatibility of BF with the resin, the interfacial
shear strength (IFSS) of each BF was measured using a
microdroplet test. The results are shown in Figure 2. Overall,
the IFSS improved as the amount of compatibilizer added
increased. In this measurement, the IFSS of No. 3 improved to
about 25 MPa. From the results of the alkali resistance test
and interfacial adhesiveness evaluation, it became clear that
No. 3 BF is the most suitable material.
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Figure 2. Results of interfacial adhesion evaluation between
BF and PP by microdroplet test.
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Molding of UD tape using melt impregnation and ultrasonic impregnation LT &
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Opening unit

Hizoshi Yamashita

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 (PP) or polyamide 6 (PA6). Since UD tape uses
continuous fibers, it has better rigidity and strength than
composite materials that use discontinuous fiber. Adapting UD
tape in Auto Tape Placement (ATP) will improve productivity
through automatic stacking and stability of large structural
components. In this report, we will introduce two types of UD
tape forming equipment owned by ICC.

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 the ultrasonic impregnation method, the CF tow is
sandwiched between thermoplastic resin forms such as PP
and PAB, and the resin is melted by ultrasonic vibration to
impregnate the fibers. Simultaneously, the CF tow opens by
ultrasonic vibration after passing through a part that heats the
fibers.

ARRBRRRRW

Extruder
Impregnated
Cooling RR=
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Figure 1. Melt impregnation machine.
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Figure 2. Ultrasonic opening and impregnation machine.
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Ousuke Jshida Junichi Kitada

We have developed an organo-sheet manufacturing
technology and an impregnation process of carbon fiber
materials with thermoplastic using a Double Belt Press (DBP).
One of the key factors to achieve high-rate organo-sheet
manufacturing is the improvement of heating efficiency. Thus,
we installed Induction Heating (IH) units that can increase the
temperature of the steel belt rapidly before the press, as
shown in Figure 1 (left). We have remodeled these IH units this
year, as shown in Figure 1 (right), to improve the heating
efficiency.

Fourteen layers of carbon fiber fabrics and fifteen layers of PA6
films were stacked alternately. The sheets were 550 mm wide and
1.5 m long. The organo-sheet was manufactured from these
materials using DBP at a processing velocity of 0.8 m/min. The
thickness of the composite was 3.2 mm, and the fiber volume
fraction was 51%. Figure 2 shows the temperature profiles during
the process. The surface temperatures adjacent to steel belts (1p,
14p) increased rapidly during the IH unit process. The temperature
at the middle layers of the stack (7p-1 to 3) increased slowly
because of the time taken for heat transfer through the thickness.
However, the temperatures reached around 200 °C, which was
close to the melting temperature of PA6.

These IH units will help optimize the temperature profile in the
DBP process. The process will be applied in the manufacturing
technology for a wide variety of materials.

Figure 1. Induction Heating units
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Figure 2. Temperature profiles for manufacturing organo-sheet with the stack of CF woven fabric/PA6 film (t3 mm)
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Random-sheet fabrication using Rilsan® Matrix/CF UD tape
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Ousuke Jshida Masayoshi Hori

IIn collaboration with Arkema, we fabricated a random-sheet
using the Rilsan® Matrix/CF UD tape (UDX® PPA tape) and
evaluated its performance. Rilsan Matrix is based on a PPA
(Poly Phthal Amide) chemical backbone and has a Tg of
140 °C. lts melting temperature is 260 °C, and the moisture
uptake is less than 3%.

We fabricated a stack of randomly oriented cut-tapes (Vf 50%,
77 um thick) of 26 mm length using an auto cut-tapes
placement machine (Shibuya corporation), as shown in
Figure1. The positions of the tapes were determined to
achieve uniform distribution. The stack was heated to 310 °C
and molded under a pressure of 2 MPa. A 2 mm thick
random-sheet was fabricated, as shown in Figure 2 (left). The
tensile and flexural properties of this random-sheet are
demonstrated in Figure 2 (right), indicating low variability and
high strength.

We then evaluated the 3D formability of this random-sheet.
Figure 3 shows a BOX-type product based on heat-and-cool
compression molding method, which demonstrated good
flowability of the tape as well as a good appearance. The next
objective is the application of stamp-forming technology.

/(lmagel

[ Cut UD tape
Laser l'

Auto placement

Dancer

Figure 1. Auto cut-tapes placement machine for random-sheet fabrication.
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Figure 2. Random-sheet (Left) and the mechanical property (Right).

20

Figure 3.
D shape product fabricated from random-sheet.
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Research on analysis technology for CTT press molding behavior by measuring apparent viscosity BH ®IA tH XE&
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Figure 1. the schematic of material flow in the mold during the
stamping press molding process and the changes in various sensors
mounted on the mold.
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Figure 2. Changes of mold position, mold velocity, and pressure
during CTT stamping press molding.

21

Takehivo Shirai Misai Ueda

Chopped carbon fiber taped reinforced thermoplastics (CTT)
possess favorable material flowability and formability, allowing
for effective processing of three-dimensional product shapes,
e.g., rib shapes, by a single press molding process. The
aforementioned properties distinguish CTT as a promising
material for mass-produced substances; however, the quality of
molded products can vary significantly because the internal
fiber orientation depends on the material flow during the press
molding process. This study aims to clarify the relationship
between molding conditions and material flow, allowing for the
optimization of molding conditions by using the apparent
viscosity measurement method, which accounts for the mold
displacement sensor and the change in the pressure sensor. In
stamping press molding, the mold temperature is below the
melting point of the resin, accompanied by a simultaneous
change in the material compression rate, temperature, and
pressure change; therefore, a quantitative measurement is
impossible to accurately execute. Therefore, the press molding
technology for fiber composite materials was elucidated by
measuring the apparent viscosity, which is required to
accurately measure the desired material change.

Figure 1 shows the schematic of material flow in the mold
during the stamping press molding process and the changes in
various sensors mounted on the mold. The temperature and
pressure change simultaneously, and the mold speed also
changes according to material squeezed flow. Figure 2
displays the observed displacement, velocity, and pressure
change of the press forming die during stamping press forming
of CTT. The red arrow in Figure 2 shows the change in the
material flowing in the die. Figure 3 shows the apparent
viscosity obtained from Figure 2 as a red circular plot of the
apparent viscosity rate-dependence data of the CTT material.
By measuring the apparent viscosity, it was possible to
continuously measure the change in material temperature
during stamping press forming of CTT and the accompanying
change in material shear rate.

LE+10
1.E+09
LE+08

1LE+O7

Apparent viscosity [Pa-sec]

1.LE+06
L.LE-03 1.E-02 1.E-01 LE+00 1.E+01
Strain rate [1/sec]

*200°C A175°C
B 150°C +125°C
®90°C(Stamping)

Figure 3. Changes of apparent viscosity during CTT stamping press
molding plotted on CTT apparent viscosity strain rate and temperature
dependence.
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Fiber orientation analysis and mechanical property prediction for CTT-molded products using

X-ray phase imaging technology

CFRPHEFEEDATE S (FABPCHEBMBFHEERE<EDLOA
HB. NOIF XIRCTHREBEBRLEBICE > THENIETHD
MEBEEANTSMMEECHI-ORFEREEDOERIIREH
TH 2. RIMEE SN TV XIRAIBA A=Y T EAT (L. FERD
XREBBRE CETAETH > LM EARBELBERTED
RO S5, CFRPEE RO A M P B GBI 4 & DM ENT
DONTVBXRUBA A=V VI DRAEREIL BEF%Z BB
LIEXIROBNSEBE P EN Y ILAO—FERTRETZF
AT AR FEEHOLGEAE CRY LZBROSHICKD,
HADOHBEREIHE2CTRE CIREBRE TRRETZ L
MNTES (B AHRTIE. S FETRENEE TH-> =T ER
REBEMUEARTTBCFRP(CTT) DR AT — ¥ 2SS L. HH
PHEZHBEUFEMETIILEZER L TRESOEMEEF A%
T2 R2ICHBRUEEL  REK . BITEE (DICHEFT/N
=) ERT K30 (a) [T XIRMBA A -V TEE (B2E
EFMBREE) CRBLLRAAEE NS —< v 7 RAEEEX
BRTRLUEER, (b) X () hotELEMREEES L
TFEMETILICERLUHER. () (F (D) ZAWVWTIERARY
TalL—2avET->0THRHDR/R, (d) (FRBEEDSIER
HEREODICO T HENBERDIERTH S, () & (d) (FLFRD
TH0.T6%DERT. ZNZTNHAHNALCERTHE LN,
RBEMERSEIC LB CRACHRYEET ILEERT
BZIUENTERELEZR D AFRIT MHBEBRFOREOR
EROFWERERIBNBRLRZIEN D NERBKEES
MEOBAILKICKECERTEZ RN TH S,

Detector
K-ray
source

Figure 1. Schematic diagram of X-ray phase imaging.

Specimen size: 250 X 35mm, t=2mm

Load

L J
Region of analysis 150 X 35mm

Figure 2. Photograph of a specimen, analysis range,
and test conditions.
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Takehiro Shirai

The observed appearance and mechanical properties of CFRP
products are strongly correlated to the fiber structure and
orientation angle, which can be obtained using X-ray CT image
processing. However, it is difficult to identify the fiber orientation
distribution of the CFRP product because of a limited imaging
region (in the range of several millimeters). X-ray phase imaging
technology, which has recently attracted attention, can be used
to observe microstructural damage and fiber orientation, which
is not possible by conventional X-ray transmission imaging. The
principle of X-ray phase imaging is the use of the Talboro
interference system for detecting minute scattering and
refraction of X-rays that have successfully passed through the
subject. The orientation distribution was identified by
transmission observation without rotating the test piece (Figure
1). In this study, we acquired fiber orientation data of products
molded from discontinuous carbon fiber thermoplastic CFRP,
which have been difficult to obtain until now. Based on acquired
results, an FEM model was developed, which was used to
calculate the material properties and theoretically predict the
mechanical properties of the molded products. Figure 2 shows
a photograph of the test piece, test conditions, and analysis
region (DIC analysis pattern). Figure 3(a) shows the orientation
angle by color map and degree of orientation by brightness
acquired by using the X-ray phase imaging device (Shimadzu
Corporation development machine), while Figure 3(b) shows
the material properties predicted by the FEM model calculated
from the data shown in Figure 3(a). Figure 3(c) displays the
strain distribution obtained by simulating the tensile test using
data from Figure 3(b). Figure 3(d) shows the DIC strain analysis
image at the time of the tensile test of the test piece. Figure 3(c)
and (d) show that the strain distributions have similar
tendencies. Therefore, it was possible to develop a material
property model with mechanical properties identical to those of
the test piece fiber structure. This method was used to
successfully optimize the fiber lamination design and
non-destructive quality confirmation of molded products. This
technology can significantly contribute to the expansion of
discontinuous carbon fiber thermoplastic CFRP.

Figure 3.

(a) Color vector map acquired by X-ray phase imaging device,
(b) FEM model of calculated material characteristics,

(c) Strain distribution obtained by tensile test simulation,

(d) DIC during tensile test of specimen Strain analysis image.
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Figure 1. Wrinkles in a bent section in forming simulations and experiments

23

Katsuhiko Nurotani

In this study, a simple bend forming process with partial
heating (partial bend forming) has been proposed for thick
CFRTP laminates. For more information on this bend forming
process and the fracture characteristics of the bent section
with wrinkles, see ICC Annual Report 2019-2020. In this
report, the characteristics of the wrinkles formed in the bent
section and their mechanical properties in different laminate
configurations are reported.

For laminates of different configurations, wrinkle formation was
simulated and test specimens were fabricated by partial bend
forming. Figure 1 shows bent cross sections for the simulation
models and the test specimens. While laminate (a) is
constituted by a large number of thin layers (CF-3K
fabric/PA66 x 18 layers), laminate (b) is composed of a small
number of thick layers (CF-12K fabric/PA6 x 9 layers);
thickness of the laminates are approximately 4 mm. Plurality
wrinkles are formed in the bent section with the partial bend
forming process. Also, wrinkle morphology of the simulated
and fabricated specimens are in good agreement. Figure 2
shows the Curved Beam Strength (CBS) test results for
laminates (a) and (b) by the partial bend forming and by press
forming (specimens without wrinkles). In case of laminate (a),
the specimen with wrinkles in the bent section, formed by
partial bend forming, had a comparable stiffness but 75% the
strength of the specimen without wrinkles. In case of laminate
(b), the test specimens exhibited comparable stiffness and
strength, with or without wrinkles. This is considered to be due
to the close proximity of the dimensions of the crimps of the
fabric and the wrinkles. In case of both laminates (a) and (b),
the failure of the specimens with wrinkles does not show
impact behavior.

The above results show that the proposed partial bend forming
is applicable as a simple process, regardless of the number of
layers or layer thickness of the textile base laminate. The
fracture behavior of the bent section with distributed wrinkles is
a very interesting result.
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Resin Transfer Molding using in-situ mae BE
polymerization thermoplastics Katsuhiko Nunotani

—MHHP-RTM ( High Pressure Resin Transfer
Molding ) 7Rt R(E. ¥~ 7 REFEICHEEILY 1 T OIERL
EIRFIEEZEETEHEREGL.ENICHEEATEIL

SAUTONAYAVILEFZREELTWS,HP-RTM Y
AtRE EEREEHEEBEZRA VAT, I E B AE DNz
(80~100CEBE)NMVDETHN . FLERNEERBE (S
10MPaiBE) L4 %, Z DL BHREAMHEB/ASER
BILR/BRESELEOERBEAIRNMNIMAT HRES
HEEBOHRFICIARNEN D Lo TWHRIZEWT L E~
FRELEEDTOLRICHP-RTMOEAIFHL L,

AMRIS FEEEORFEIOLRDLHIC.7A—XRE—
IWR(FR/AZRER) ZAWEEFEARTM(LP-RTM: Low
Pressure Resin Transfer Molding) 15 L7z, CZT. ¥ i
Vo ZREIZ. T VILRIRIGERM T BEE A (Arkematt
Elium®) 2 @A L. ELium®[3, ERET100mPa-sBEDE
HMETENBNL . ERHNLH40 CREDEERTELITETH
B2ENDLP-RTMOEEICERATH D EE A feo £/ Elium®
(F. TRFVEREICHART ORI Y Y FEREL,

BRELIZLP-RTMD B SME(E EEEAGEAE0.4MPa,
B40 C/MERTH 2. HTICHRERIEOMEART Wi
FEEEE (V) I3W30%E45% TH . K2 (2B EEEARDOR
RECHBZRTH2&0. (a) Vf=30% &(b) Vf=45%IC
BWT0.3MPa;A TOEE THEEMNDRBERNTT LT
WBZENDN B, ZITIEAREL (a) 25g/%. (b) 2g/®
THolo Fl BEMIE. WINERIFERFENE SN U
J:J:V)\77'))L%iﬁ%§éiﬁ&7£l§ﬁﬁﬂa(El|um®)’&7I~')7
AL LELP-RTMIZ TRERBEDY A 7ILY 1 LTHEH
BTHDEERIAL,

BIE. Arkematt £ ICCTIR ISHDEEDY A VLY A LHVATEE
mWCM (Wet Compression Molding) 7AtEZXADT7 2 UL
RRGEARAFBEMEE (Eium®) DERAEEEDH TN D,

Resin Injection

In-mold pressure Sensor '

\\ /,'

4-axis GF NCF x 3plies

Figure 1. Molding dimensions and position of in-mold pressure sensor
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The typical HP-RTM (High Pressure Resin Transfer Molding)
process uses a fast-curing, low-viscosity epoxy as the matrix
resin, which is mixed by high pressure impingement and
injected into the mold, to enable a high-cycle process in less
than five minutes. Specifically, the process uses a high
pressure impingement mix-head and pump system, which
requires heating of the resin to reduce viscosity, and
generates high in-mold pressure (5—10 MPa). In addition to the
cost of installing equipment such as mix-head, pump system,
high-capacity clamping presses, and high-rigidity molds, there
are maintenance costs for these equipment to be incurred. It
is, therefore, difficult to employ HP-RTM for small to medium
production volumes.

In this study, low pressure injection RTM (LP-RTM) using a
closed mold (male/female molds) was studied for a
medium-volume production. The matrix resin used was an
acrylic in-situ polymerized thermoplastic resin (Arkema Elium®).
Elium® was considered useful in this study of LP-RTM, owing
to its low viscosity of around 100 mPa-s at room temperature,
and its ability to be cured at low temperatures (between room
temperature and 40 °C). Elium® also offers a cost advantage
over epoxy resins.

The molding trial of LP-RTM is a constant pressure injection
process (0.4 MPa) and curing at 40 °C for 1 hour. Figure 1
shows an overview of the molding trial. The fiber volume
content (Vf) is approximately 30% and 45%. Figure 2 shows
the in-mold pressure during resin injection. It can be seen that
flow and impregnation of the fiber reinforcement is completed
at low pressures below 0.3 MPa for (a) Vf = 30% and (b) Vf =
45%; the injection rates were (a) 25 g/s and (b) 2 g/s. Good
molding surfaces were obtained for all molded laminates.
These results indicate that LP-RTM with acrylic in-situ
polymerization thermoplastic resin (Elium®) as the matrix resin
can be molded with a cycle time of about 1 hour.

At present, Arkema and ICC are studying the utility of Elium®
for the Wet Compression Molding (WCM) process, which has
a cycle time of about 15 minutes.
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Figure 2. In-mold pressure during resin injection
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Evaluation of Vibration Behavior of Carbon Fiber Reinforced Thermoplastic during

Ultrasonic Welding
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Figure 1. Vibration measurement during ultrasonic welding

Amplitude [m/s]

0.0 02 04 06 08 10
Time [s]

Nl MK aH B#
Shouta Kavasaki Ousuke Shida

At the ICC, we investigated ultrasonic welding of carbon
fiber-reinforced thermoplastics (CFRTPs). In ultrasonic
welding, an ultrasonic vibrating horn is pressed against the
surface of a material to generate frictional heat at the material
interface. This joining technique has an excellent joining
speed.

Joining technology is attracting much attention in the
automotive and aircraft industries and requires more efficient
joining because it is the fastest and most energy-efficient
technology. In this study, the vibration behavior of horns during
ultrasonic welding was measured and evaluated to elucidate
the mechanism of heat generation in CFRTPs during
ultrasonic welding.

A laser Doppler vibrometer was used to measure the vibration
behavior of the horn during welding. As shown in Figure 1,
vibration measurement was performed by attaching a 90°
reflecting mirror to the tip of the laser Doppler vibrometer and
measuring the horn from below.

Figure 2 shows the measurement results of the vibration
velocity of the horn when not in contact with anything and
when it was pressed against the adherend. Although the
velocity remained constant, the amplitude varied stepwise
according to the welding conditions. This study aims to
elucidate the heat generation and joining mechanism by
analyzing the amount of material deformation from the change
in vibration behavior during welding and calculating the
amount of heat generated from the deformation.
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Figure 2. Vibration behavior of horns measured by laser Doppler vibrometer
(a)Before contact with adherend,(b)After contact with adherend
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Development of resin technology that brings innovation to composites FEH X T E TgiE 21
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Fiber-reinforced plastics (FRP) has finally started to be used
world-wide, owing to great efforts by many researchers and
engineers. However, their efforts were predominantly focused
on mechanics, including simulations, process engineering or
evaluating methods. Although resin constitutes around half the
volume of FRP and greatly affects its properties, chemistry of
the matrix resin itself has not been well-researched. ICC has
been conducting studies with daring and radical approaches
through not only process engineering, sometimes using mass
production machineries, but also chemical designing of matrix
resins. In this paper, we will introduce our several works where
an approach aimed at the chemical design and synthesis of
matrix resins drastically improved the FRP manufacturing
process and properties.

1. High-rate production of high-pressure vessels for hydrogen
by RTM using divided preform

In this manufacturing process of high-pressure vessels meant
for hydrogen shown in Figure 1, CF tow is impregnated with
liquid resin A and then polymerized to manufacture
thermoplastic tow prepreg. Dome and cylinder preforms are
then manufactured using the tow prepreg. The preforms are
combined into a tank shape, and the tank is integrally molded
by injecting RTM resin B at low pressure. Both resins A and B
are radically polymerizable and respectively become
thermoplastic resin and cross-linked polymer after
polymerization. In this method, since resin A constituting the
preform is dissolved in the surface of resin B upon contact,
seamless integral molding with the firmly bonded interface is
realized, even though it is a split manufacturing process.

Thermoplastic
prepreg

Cylinder-part
preform

Dome-part
preform

Integral molding by
low-pressure RTM
with REDOX-curable
resin system

Figure 1. Diagram of High-rate production process of high-pressure vessel for hydrogen by RTM using divided preform
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Mode: Dual Cantilever, Temperature range: 30-320°C
Heating rate: 2°C / min, Frequency: 1Hz
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Figure 2. Dynamic viscoelastic behavior of CFRP
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2. Low-temperature-curable Tg-less acrylic resin

An acrylic resin formulation which can be completely cured at as
low as 80 °C to become Tg-less cured resin was established.
Figure 2 shows a typical result of dynamic mechanical analysis
(DMA) for GFRP using this Tg-less acrylic resin as the matrix.
The rapid propagation ability of radical polymerization, initiated
by the combination of an organic peroxide with a reductant in
the system of poly-functional acrylic resins, was exploited to
realize the low-temperature-curable Tg-less resin. This resin
system serves as a very promising matrix for fireproof FRP
panels shown in Figure 3, used for high-rise buildings. Since the
panel material has a fire-proof and thermally insulating coating,
the FRP itself is not required to be incombustible, but be able to
support loads around 200 °C.

3. Silsesquioxane, a semi-organic polymer highly resistant to
thermal decomposition

Our laboratory is also developing an essentially incombustible
FRP that could withstand up to 500 °C, using cross-linked
silsesquioxane, a semi-organic matrix resin, assuming that the
fireproof coating material is made as thin as possible. This
resin does not have an organic functional group, instead has
only a siloxane bond present in its molecular skeleton. A
crosslink is formed only by the siloxane bond generated by the
ring-opening polymerization of the siloxane oligomer shown in
Figure 4. The FRP using this resin system exhibited unique
thermal properties, such as near consistent strength in the
temperature range from room temperature to 200 °C.

_/\ Fire-proof

coating material

FRP skin

Foam core FRP rib

Figure 3. Fire-proof sandwiched panel for construction

Ring-opening
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Silsesquioxane (SQ)

Figure 4. Curing mechanism via ring-opening
polymerization of silsesquioxane oligomer
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Figure 1. EASYPARM

Figure 2. DMA

Kimihiko Uemura Masaki Inagaki Kaow Hashimoto

In order to support product development, ICC has installed not
only analytical instruments for research purposes, but also
measuring instruments related to design and manufacturing.
These devices recently introduced to ICC are introduced below.
Following are the devices recently installed in ICC and ICC can
offer measurement services using these devices via ICEM.

EASYPARM

In liquid moldings such as VaRTM and HP-RTM, resin flow
during molding is dominated by the Permeability K of the
Preform. The K varies greatly with weave, thickness, stitching,
and even slight differences in Vf, and varies by more than two
orders of magnitude depending on the in-plane/out-of-plane
flow direction. Therefore, it is necessary to input the correct K
for each material and each laminate for molding simulation and
flow analysis. EASYPARM (Figure 1) is a standard K
measuring device of PAM-RTM (ESI), and can measure K in 2
in-plane directions and out-of-plane K for each Vf set of various
preforms.

ICC is currently working on building a database of K for various
materials.

DMA

ICC’s largest-scale DMA instruments in Japan (Figure2,
installed in 2021) can measure static test-level specimens with
a maximum load of 2 k N and a width of 25 mm and a span of
110 mm for 3-point bending. With this device, it is possible to
evaluate realistic laminated materials, which was difficult in the
past. For example, it is possible to correctly evaluate even
materials that contain geometric effects of reinforcing fibers,
such as discontinuous materials SMC and CTT, and rod
materials.

3-D measurement device

ICC has installed two types of laser measuring instruments
(Figure 3), and can easily measure 3D shapes from small items
(measurement range W580xD300xH200mm) to large items
(arm type, measurement range 2.7m). For example, it can
evaluate the residual strain of the molded parts in time
sequence by measuring immediately after molding by Press or
Autoclave in ICC.

Figure 3. 3-D measurement device
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Figure 1. Relationship between Vf and permeability
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In the manufacturing process of fiber reinforced plastics, it is
necessary to understand the characteristics of the molding
product, such as the fluidity of various base materials and the
interface characteristics between the fiber and resin. The ICC
has equipment for measuring various parameters required for
flow analysis and the interfacial shear strength (IFSS) between
fibers and resins. ICEM undertakes various measurement
requests. We are accumulating measurement data for various
materials.

1. Measurement of permeability using EASYPERM
Permeability (impregnation coefficient, K value) is a unique
parameter of the base material when impregnating the dry base
material with resin. The K value is an indispensable parameter
in flow analysis of processes such as HP-RTM (High Pressure
Resin Transfer Molding) and Va-RTM (Vacuum Assisted Resin
Transfer Molding).

The permeability of the substrate is measured using an
equipment called EASYPERM. Figure 1 shows the relationship
between the permeability of plain weave carbon fiber (CF),
which is a commonly used base material, and Vf. The inside of
the base material is defined using three directions: the in-plane
directions (Kx, Ky) and the out-plane direction (Kz). The three
orders of magnitude difference in K values in the in-plane and
out-plane directions complicates the impregnation behavior.
Therefore, the influence of Vf on the impregnation coefficient
could be large, depending on the properties of the base
material. It is important to clarify the impregnation factor, as this
greatly influences the quality and productivity of the composite
molding.

2. Evaluation of interface characteristics by microdroplet test
The interfacial adhesion between the fiber and resin can affect
the mechanical properties of the composite material, making
its evaluation important. The microdroplet test (MD) test is a
method of extracting a resin droplet formed on a monofilament
and measuring the IFSS. Figure 2 shows the results of the
measurement using CF (desized) and basalt fiber (BF) as the
fiber, and PP and compatibilizer-added PP as the resin. In the
case of CF, by adding 5 wt% of the compatibilizer (iPP-PAA),
we observed an improvement of about 4 times.
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Figure 2. IFSS measurement results of CF, GF for each resin
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Outcomes from Industry-Academia collaboration activities among ICC membership program
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Members can engage in collaborative activities with the industry and academia using ICC as a platform by participating
as a temporary researcher at our university. This section introduces research activities conducted by members and
their achievements.

This year, activities continued to be restricted due to COVID-19. However, this activity originally leads to collaboration
between companies from different industries and fields, and by utilizing the experience of COVID-19, ICC promote to
create a new type of open laboratory and easy access to provide an open innovation environment.

CFRTP @ UD 7V 7LV S5EICRT 55T .
LA
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=4 3INL%RE”L  Mitsubishi Chemical Corporation BT
Development of production process for CFRTP UD prepreg Aichi R&D Center s Shiga R&D Center
Takeshi Ishikaa i Kezuki Faujkawa AVL

=ZZ53IAJ/L(#) TIE.Auto Tape Placementicf{E=n In collaboration with ICC, Mitsubishi Chemical Corporation is
2In-SituFEEMEBIEA T IEIRNCRETAEACFRTP developing CFRTP UD Tape, which can be manufactured at
DUDTF—F%ICCEHRATHHL TVWET  BEREERIZE low costs, targeting the in-situ molding technology represented
TRRAMEER oOTH) SREY CRRBITAC L e, W o on ack
te.ER ﬁffﬁm'f kDU DT_‘?% Q&@;ﬁ@i@g’mﬁ? to produce thick, low-void UD tape at the target production rate
NBERERELIE AVSMHORKIESERICERT.C by optimizing the impregnation section and the die. The
NETRERRMHEICLZFRUEOA L BMIEMEDORR. K2 characteristics of the materials used are very important, and
YAV TROEEREDT —9EEBLTEVNE L 224F we have accumulated data on the improvement of
ElX SELT0RKEE L. EREEGY RERTTEHEDTF impregnation by using thicker carbon fibers, the limitations of

i £ REREE TR vy A EDEAEhE R % resin viscosity, the effects of sizing agents, etc. In FY2022, as

BLTUWET, the final stage of facility design, we are evaluating long-term
operations, quality stabilization, and trying new carbon fibers
and matrix resins.

Spreading

pams

Cross seclion (SEM)
Thick diameter CF Large tow (TRW40-50L)
r

Chill roll

Melt extrusion process for CFRTP UD tape

Thick diameter and large tow CF used in this work
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Development of Direct Consolidation (DC) and Direct Inspection (DI) b i .
Process using Carbon Fiber Reinforced Thermoplastic Unidirectional EEEE IR #— SR SRR BT &R

Tape for Aeronautical Applications
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ATL system in Maru Hachi

Toshihide Sugahara  Vuichi Kobagashi  Funitake Kobagashi  Mioaki Zushi

The demand for medium-sized aircraft is expected to grow in
the future, and one of their main concerns is reducing
manufacturing costs. Therefore, it is important to achieve
both low-cost manufacturing and high productivity of aircraft
structural components. In this study, to establish the
technology for DC/DI process, the ATL (Automated Tape
Laying) molding method was adopted to achieve "in-situ
consolidation with sufficient impregnation,” "quality control by
cooling process,” and "in-line molding" of aircraft structural
components. The developed technology uses unidirectional
carbon fiber reinforced thermoplastic tape to achieve lower
costs and higher productivity due to a reduction in human
labor.

Especially, DC processing speed of 18 m/min was achieved
by ATL while the performance is equivalent to the thermal
press formed CF/PEEK materials. In addition to developing
the first intermediates using ATL in the country, we also
succeeded in developing perfect-quality curved UD
intermediates suitable for reinforcing the ring frame shapes in
aircraft components by applying the developed technology.
On the other hand, in the development of the DI process, a
novel non-contact direct inspection technique was
established that realizes the simultaneous online inspection
of temperature distribution and error detection in the material
during the DC process, which can be combined with infrared
thermography and ultrasonic inspection to analyze the
molding quality in the product. This technology was
implemented in the ATL system, demonstrating its
applicability to online inspection. In the future, we will utilize
these results to brush up materials, manufacturing methods,
and quality control in the DC process using ATL to improve
the process efficiency and reduce costs. By optimizing the
acquired technology, we hope to disseminate the technology
of DC/DI and expand its application to the aerospace and
industrial fields.

Curved UD intermediate

Direct inspection technique for temperature distribution and error

detection during laying up CF/PEEK UD tape by ATL combined with
ultrasonic inspection of laminate. (a) sampling image of infrared
thermography and image of C-scan on laminate quality, (b) poor, (c) superior
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IMATF—L ¥R KOMATSU MATERE Co. Ltd.

Development of Carbon Rope for Elevating Platform Fence

HHTEBRIBRFCHRRA U RRMME S DS XM
ERBBEL L ATEETRFUBEEZERIEL AR
AFSYRAYRZEEHUCE . ZDEMELBLTHRELL

il ®E
Taketoshi Nakayama

We have launched a CABKOMA strand rod, jointly developed
with the Kanazawa Institute of Technology, which has a
core-sheath structure of carbon fiber and glass fiber and is

impregnated with thermoplastic epoxy resin. In February
2017, the first elevating platform fence using carbon ropes
(trade name of NIPPON SIGNAL CO., LTD.), which were

HA—Rya—7 (BERESOERE) ZAV-EBIDR— LR
2017 2BICHISH TREBERICHELINIERDRATY L AT A
VoL BULT A—RY A—TRECEIENE W fobHht developed by applying this technology, were installed at JR
PR RBECINEXZDR—LEBRLERT 2R EN RS Rokkomichi Station. Compared to conventional
ol stainless-steel wire, carbon rope is lighter and more rigid,
BEIIKRERCPHEEERZEH.8DDERICKBINSELIER resulting in less deflection and eliminating the need to
B2 TWFETH D, reinforce the elevator and the platform itself that supports it.
Currently, elevating platform fence using carbon ropes are
installed at eight stations, including Osaka and Kyoto

stations, with more to be added in the future.

JR Rokkomichi Station Deflection Testing

End fitting for mounting on elevators

RETENUIHRARIZIE ICCEDHERMEL T TRMD AV N—2y FigEE £ B U TRHRRESNBRENELE
FENTVETICCAVN=2 Y I TOTSAIZICCEAVRI Y MREDY T 54 hSREL T REDESFICAALTE
HOBEZEMICLTENFEIH. ZNIEAKIC. REREINZTNHEBRLET IEBECMIZICCIHLIAATEZ2ETLH
NFET . ZTNOHE L DIEHEAM I B ICHRMAREEDD LD ENICCOMRRERREEAVN=2y IOV S LB LT
XY NT—VEFRTHET. INBETCILICERANBREMANEED D ENBHERDET,

V4 XAOF - F7F—AAFDBRBETE ZTABRRENOZZICCOF O Ty b7+ — LHEREENE I F D% - HEIE
BEXETEDLLEBRVET,

SHREAVN=I Y TOEIENOILIZELDBENEHEINEZEAELAILTENET,

The research results introduced in this section include not only joint research with ICC but also many results
developed in collaboration with other membership companies. The membership program of ICC aims to make
ICC a satellite lab for composite research so that its members can use it, but at the same time, it is also an
opportunity for member companies to bring their own equipment and materials into ICC. For many of these advanced
technologies, it is easier to proceed to more advanced and practical technologies by utilizing the network through the
ICC R&D environment and membership system, rather than promoting individual R&D. Even in the environment of the
New Normal after the pandemic,the platform function of ICC is effective in supporting your collaborative and co-creation
activities. We look forward to more results from our membership in the future. (52 2,/ Kiyoshi Uzawa)
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