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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
seventh year as an international scientific innovation center. In
2018, the demonstration base was expanded by the Ministry of
Education, Culture, Sports, Science and Technology as part of
its “Regional Science and Technology Demonstration Center
Development Project”. By linking the open R&D area and the
highly secure demonstration area, it became possible to
progress seamlessly from R&D to the social implementation

In this fiscal year, the number of ICC research users decreased
to approximately 1,400 per year, which is less than half of the
average per year, owing to the ICC lockdown and visitor
restrictions (as infection prevention measure) caused by the
spread of COVID-19 (Coronavirus disease). In harsh
environments that corporate researchers could not visit, the
ICC has expanded the use of digital transformation tools,
improved convenience and content by converting from real to
web and published a new technical information bulletin limited
to member companies. Consequently, it was fortunate that the
number of companies that sent corporate researchers to the
ICC hardly decreased.

Furthermore, in April 2020, the ICC was selected as one of the
first nine centers to be selected under the newly launched
"J-Innovation HUB Regional Open Innovation Center Selection
System" by the Ministry of Economy, Trade and Industry, as
the base "International Expansion Type" aiming for further
overseas expansion in the future.

To establish an "innovative platform" that can continue to
develop independently and contribute to the expansion of
composite material applications after the COIl program ends,
the following three main objectives concerning composite
materials have been established: (1) research on advanced
application technologies, (2) function as an educational center,
and (3) support for engineering. In terms of education,
interdisciplinary collaboration with our research institutes is
considered. In terms of collaboration with companies, the
creation of a system to provide "engineering services," (i.e.,
services ranging from testing and evaluation to prototype and
close to product development) is being considered within the
university. Concrete realization of an innovation ecosystem in
which technology, human resources, and funds circulate
around the ICC is an urgent issue.
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Infection prevention measures for COVID-19 in the ICC
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In January 2020, the WHO declared an international
emergency due to COVID-19. Ahead of the university's
response, the ICC began acting in February by encouraging its
own staff to telework. Thereafter, considering the types of work
arrangements desirable to prevent a lockdown in the ICC,
research activities were carried out in two shifts.

From April 15, emergency measures were implemented all
over Japan; to ensure compliance with the measures, outsiders
— including membership program members — were not able to
access the ICC campus till June 19.

Support for the new normal (after June)

1.Improving the environment for working from home: Attach of
cameras and microphones on necessary-staff PCs, purchase
of WiFi routers

2.Social distancing, Three Cs (to avoid “Confined spaces”,
“Crowded places”, and “Close contact”): Changed the seating
arrangement to avoid facing and installing acrylic partitions.

3.Hand sanitizing: Placed hand sanitizers and/or hand washes
at the entrance, second floor reception, each meeting room,
toilets, facility area, each living area, etc. Tables, stair railings,
doorknobs, etc. are sanitized twice a day.

Uninterrupted joint research activities with companies
Research activities with companies are the lifeline of the ICC;
therefore, research should not be delayed even if corporate
researchers cannot visit the campus. Robust infection
prevention measures have been implemented to prevent the
spread of virus among clusters, in case even if a single person
from the company is infected.

1.WEB Online: The state of the experiment was relayed online
from the three prepared surface hubs (50-inch display). It is
also possible to share information with each other, as
explained on the whiteboard, and it was found that this method
is sustainable and can also be used for future research
activities.

2.Zoning within the ICC: The ICC has ample space and an
open environment; accordingly, the areas for outsiders and
staff were separated so that pedestrian traffics do not overlap,
and the staff would not come into close contact with anyone
other than the attendants. In individual rooms, the attendants
were separated from each other, and they were given red
stickers to put on their masks so that they could be identified
immediately.

3.0ther infection prevention equipment: a non-contact
thermometer, automatic sanitizer dispenser, and regular
monitoring of ventilation in a conference room using a CO2
meter.

Although there were restrictions on the gathering of people
owing to the highly contagious coronavirus, the effect of being
able to carry out research activities without being restricted by
distance and time, compared with the past experiences,
through WEB and online distribution, is also workable and
favorable.
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1 Amendment to ICC management regulations

There was no revision in FY 2020.

2 Acceptance of researchers

This fiscal year, 59 researchers from 48 institutions were
accepted. However, few researchers were newly registered
owing to the spread of COVID-19, and most of them were
continuous members. The monthly "Members’ Forum" for
ICC members was not held until July owing to the spread of
COVID-19 and was switched to “Web distribution” since August.

3 Implementation of ICC users’ initial training and
safety activities

Owing to the influence of COVID-19, the number of people
using the ICC had decreased sharply, so the number of
initial trainings had also decreased. Similarly, ICC staff also
avoided the "three Cs,” so "4S activities for all staff " could
finally be implemented at the end of the fiscal year.

4 Patents

The number of registered Japanese patents and overseas
applications both increased. It is expected to proceed to the
implementation phase by utilizing patents.

5 Acquisition of external funding

The COl project budget of public funds increased by a little
less than 20%, and the joint research funding increased
significantly due to the start of a large-scale project.
Consequently, the external funds in 2020 increased by
approximately 10% from the previous year. However, the
number of joint researches decreased significantly because
of COVID-19.

On the other hand, the funding of the membership program
was maintained almost as it was last year. This was owing
to the switch from face-to-face to web-based ICC
“Members' Forum” — a service offered to members that
allowed them to participate without having to travel to the
ICC and to invite a wider range of fields of speakers and
enrich the content. In addition, impactful and timely articles
from the ICC Innovative Edge (technical bulletin), which
was created to compensate for the difficulties in organizing
the Forum, were provided.
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6 Users and visitors

The number of external research visitors fell to half of
last year's figure, while the number of general visitors fell
sharply to one tenth. In accordance with the "Kanazawa
Institute of Technology Activity Restriction Guidelines for
Preventing the Spread of Coronavirus Infection" established
by the University, business trips outside the prefecture and
visits from companies to the ICC were restricted in research
activities with external companies.

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 technical demonstration
center development project

Regarding the use of facilities and equipment developed
by the Ministry of Education, Culture, Sports, Science
and Technology's "Regional Science and Technology
Demonstration Base Improvement Project" (corrected in FY
2016), one company (Maruhachi Corporation, Fukui-Pref.,
Japan) entered the rental laboratory in FY 2019 to
accelerate product development for implementation.

9 Management of the organization for advancement
COl research

FY 2020 was the eighth year of the COIl program for a total of
nine years. For social implementation, the project has been
reorganized into two research themes: "Research Theme
1" with FRP rods development in the civil engineering field,
and "Research Theme 2" as a fundamental technology
development that includes the development of fireproof panels
and innovative materials in the construction.

Securing financial resources to enable sustainable activities
after the end of the COI program is a top priority. Based on
the results and technologies cultivated thus far, and based
on the construction of a platform that can win in the world, it
has been discussing management policies with the university
headquarters during Phase 3.

To establish an "innovative platform" that can continue to
develop independently and contribute to the expansion
of composite material applications, the following three
main objectives concerning composite materials have
been established: (1) research on advanced application
technologies, (2) function as an educational center, and (3)
support for engineering. In terms of education and research,
the ICC is establishing "Cluster Laboratory (tentative)", across
disciplines such as mechanics, chemistry, civil engineering and
architecture, university research institute. It is also accepting
overseas internships and collaborating with overseas research
institutes to increase its presence as an international hub.
For companies, the ICC is providing "engineering services,”
i.e. testing, evaluation and even prototyping close to product
development. Concrete realization of an innovation ecosystem
in which technology, human resources, and funds circulate
around the ICC is urgent.
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Innovative Composite Materials Research and
Development Center(ICC) has built up a track record as an
open access platform for industry-academia-government
collaboration under the Under One Roof as an
"International Science Innovation Center". This is mainly
due to the fact that it has been used as the implementation
site for COI project, but in 2020, which is two years until
the end of COlI, ICC will contribute to the expansion of the
application of composite materials and promote efforts for
innovation creation independently and sustainably.

ICC has enhanced and strengthened the functions of the
bases with the aim of establishing an "innovation platform"
for this purpose. In 2020 FY, as a result, despite the
restrictions on business trips and face-to-face meetings
due to Covid-19, it has become possible to carry out as
fulfilling activities as in 2019, including the creation of new
projects, by utilizing web conferences and online exhibition
exhibitions.

1 ICC industry-academia-government collaboration
topics

1) Progress of Japan-Germany International Joint
Research Project
Concerning application of ultra-high-speed continuous
production technology, ICC has signed a contract with CU
Nord (formerly CFK Valley) in 2020. The themes are
"ThermoPros" for aircraft parts and "HiPeR “ for production
of high-performance recycled carbon fiber. This
international joint research started by forming a team of
Japanese and German companies and institutes.
Specifically, monthly web conferences with leaders from
both Japan and Germany for each theme were held as well
as web conferences with participating companies in Japan
and participating companies in both countries.
Please refer to p.17 for the outline of “ThermoPros” .

2) Publication of "ICC Innovative Edge “ an information
bulletin for membership members

The ICC Members Forum was held a total of 8 times in
2020 FY as a web event. As in 2019 FY, the number of
meetings was less than the 10 times in 2018 FY.

As a supplementary purpose, the information bulletin "ICC
Innovative Edge" was started to be distributed to
membership members. The content is composed of
domestic and overseas technology, market, product trends
by Mr. Izuka, who has been educating companies in
Ishikawa prefecture before the establishment of ICC, and of
technical information commentary by ICC Researchers.

3)J-Innovation Hub
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3) J-Innovation Hub In 2020

ICC applied for the Ministry of Economy, Trade and
Industry's regional open innovation base selection system
(J-Innovation HUB) and was selected as one of the first
selection bases (9 bases nationwide). This J-Innovation HUB
looks beyond the purpose of COIl to change people, change
society, and change university. As shown in the figure below,
we plan a more complete ICC platform system and put it in
the framework of the conventional university's affiliated
research institute. The application was made with the goal of
building a system that actively offers engineering services
(design / analysis work, evaluation analysis work,
development consignment, etc.), which are required by
industry. One of the merits of being selected for this is that
preferential treatment for businesses such as support in
industry-academia-industry collaboration is supported.
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2 Outreach in the ICC industrial-academia collaboration

Upon the declaration of a state of emergency, owing to the
novel Coronavirus disease (COVID-19), exhibitions and
conferences were forced to be canceled or postponed at
the beginning of the 2020 fiscal year. Many of these events
were subsequently converted to virtual online events.

In October, ITHEC, which is a biennial international
conference and exhibition on thermoplastic composites,
was scheduled to take place in Bremen, Germany. The
conference was finally held online as the ITHEC 2020
Virtual Edition. Thus, ICC joined the online event with three

Intellectual Properties
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other Japanese companies for a virtual exhibition and a
joint presentation in the conference.

The Composites Highway Consortium, which primarily
consists of three composites centers in Japan (ICC, NCC at
Nagoya University, and GCC at Gifu University), has
secured booths for joint exhibitions by related companies at
the SAMPE Japan Exhibition since 2017. In 2020, the
exhibition was switched to an online event in October and
November, and there were 29 exhibitors in the
joint-exhibition booths.

In addition, IPF Japan, which is one of Japan's largest
triennial manufacturing exhibitions, was held as an online
virtual exhibition in November. We approached related
companies, and jointly exhibited with ten companies.

In each case, the ICC and the jointly-exhibiting companies
sought opportunities to appeal and network through trial
and error in such online events, owing to a lack of
experience and know-how.

3 Educational activities of the ICC in 2020

The ICC has organized seminars, workshops, and lectures
for industry personnel. Its large manufacturing facilities, test
and evaluation equipment, and laboratory space were used
to enable practical classes and conference rooms.

In 2020, the effects of the Coronavirus disaster forced us to
stop accepting applications from working people for the
special course "Special Lecture on Composite Materials" in
the Master's Course, which is typically open to working
people.

However, the ICC resumed its educational activities, using
online resources when possible.

In August, the ICC used an online environment to host the
fifth joint forum by the "HOKURIKU Advanced Composite
Materials Association,” the "Kansai FRP Forum," which is
mainly composed of FRP-related companies in the Kansai
region, as well as the ICC Members' Forum. In addition, the
ICC facilitated one of the three lectures in SAMPE Japan's
series of introductory lectures on composite materials. To
make the online lecture as practical as possible, ICC
researchers made special efforts, such as preparing a video
of the equipment in operation for the explanation of molding
technology.

Educational activities in cooperation with foreign institutions
were also conducted online in 2020. In 2017, the ICC
signed a cooperation agreement with Taiwan's Plastics
Industry Development Center (PIDC) on technology
exchange and information sharing in the field of
composites. The PIDC organizes dozens of seminars for
Taiwanese companies annually, and as part of the
agreement, the ICC hosted a seminar for the Taiwanese
companies. The seminar took place at the end of October,
from 10.30 a.m. to 5.30 p.m., and it was very well attended.
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20205E D ICC ITH T BHFEFAFDBEZE Overview of ICC research activities in FY2020
Hik EFEEI—FT 1 R—%— : Y. Saito Coordinator of Industry-Universituy Collaboration

20204 % COl fAR 7RSS LD RE Y R Status of Promotion of COI Research Program in FY2020
BIF $ B / #U% : T. Sekido Senior Advisery Engineer / Professor. #5% Fif& / % : K. Uzawa Director / Professor

Composites United (IH CFK Valley) RAVi&#([C2OWT : Thermo Pros 7Rz 7 k
Germany collaboration with Composites United (formerly CFK Valley) : Thermo Pros Project
B W78 : M. Nakajima Researcher

IN—3ZT7EY T 1A EEN Group activities for permeability research
AL BEH#F ¢ Y. Urushiyama Visiting Professor, #2:2 P& / #3% : K. Uzawa Director / Professor,
4 W78 : K Nunotani Researcher/ #A7Z £ : H. Matsumoto Engineer

B3k Fz% A= FRP O RDBAF Development of FRP rod using by pultrusion
EM - LR #f%E 8 : H. Ueda, H. Yamashita Researcher. &z - #AZS £ : N. Inui, H. Matsumoto Engineer

av9)— k& FRP Ov RO EREIZEI S S5 Evaluation of adhesion strength between concrete and FRP rods
RE - 212 #1%EE : A. Hokura, E. Sugimata Researcher

RARMHR(CATTEERIER Y VN TILY — FDERRERMOMZ Continuous production technology of carbon fiber reinforced thermoplastic laminate
A - LA #fFE 8 : O.Ishida, J.Kitada Researcher

EEEmIF FRP /SRIL (i AEEBIFE 7012 ) FRP panel for construction (Development of the evaluation process for fireproof structure)
FE ffZZE : M. Nakajima Researcher

MK HEER FRP ¥ kYo ZFEDFAFE Development of matrix resins for fire-proof structure
PEH fff%2E : H. Nishida Researcher

TL AR IR DM RIREN TR CED K RERELFEDIRST Examination of condition optimization by predicting material flow during press molding process
HFF - EH #f%EE : T. Shirai, H. Ueda Researcher

TLABRHEOERANRESEHRRES I 2L —aVADIGE Observation of material flow behavior in dies during press molding and application to simulation
B3 #fFEE : T. Shirai Researcher

CFRTP @# L\ AFP 7Ot ZAD7=80 PES/ EFELIERIES 2T LDFIH Development of PES / electro-curable resin system for CFRTP's new AFP process
PaH - fi81E - IUF fff3EE  H. Nishida, M. Inagaki, H. Yamashita Researcher

YRy RABEREEAR—IAME T REEL AR T7O—AT 1 7DRF Development of waste-free flow media that can be melt-integrated with matrix resin
THIB 72 E : M. Inagaki Researcher/ ¥ « ¥z « £/ « #AZ « 250 - 87 £250 : M. Hori, N. Inui, T. Sakuma, H. Matsumoto, S. Noguchi, K. Hashimoto Engineer

HABITINTICE T B IHEEE Z DIRIEZEE Wrinkle configurations and its fracture behavior through the partial bend-forming
& i3 & © K. Nunotani Researcher
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Study of the use of CFRTP for stranded wire and winding grips of electric power distribution equipment
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Figure 1. Thermoplastic resin impregnation system
for UD Tape using ultrasonic wave

F B #&3h

Yoshihiro Saito

ICC’s research and development this year faced a difficult
situation due to the Covid-19 pandemic, which restricted the
movement of people and forced companies to reduce their
R&D budgets. However, the pandemic also brought new style
of activities such as web meetings, online seminars and virtual
exhibitions that took root in society during the year, making it
easier for us to communicate not only domestically but also
internationally without the constraints of travel time.

In terms of research content, we were able to engage in
various R&D, mainly through COI activities, this fiscal year as
well.

First of all, the COI program has two years remaining and this
is the final year for R&D because the main activities in the final
year will be to summarize the results and disseminate them to
the outside world. In this context, the development of FRP
rebar has reached the point of alkali resistance and the main
technical issues have been resolved, and we are now in the
process of transferring the technology to companies and
considering mass production facilities. With regard to FRP
panels for construction, another pillar of our R&D, we have
designed, manufactured and installed in ICC a large-scale
high-temperature testing equipment that enables evaluation of
FRP in high temperature range, which has not been tackled in
the past. It will be a great boost to promote the application of
FRP in the field of construction in the future. In addition, to
improve the heat resistance of the resin itself, we have a clear
prospect for the development of matrix resin with Tg above
250°C that can be cured at 80°C, and semi-organic resin with
loading performance even at 500°C. We are now moving on to
the stage of molding technology for compositing and
performance evaluation.

There was also a lot of progress in COl collaborative projects.
The random sheet "Flexcarbon®" commercialized by Sun
Corona Oda Co., Ltd. has been widely evaluated and applied
in many ways, including winning the JEC World Innovation
Awards and the Senken Synthetic Fiber Award in the New
Frontier Category for its application to ASICS spikeless track
shoe. In parallel with the application, efforts are underway to
clarify the forming mechanism and to put the digital twin into
practical use, by sensing the material flow in the mold during
press forming, analyzing the flow based on the data, and
controlling the feedback to the press motion.

In the development of molding technology for long structural
members, the Japan-Germany international joint research
project in collaboration with Composites United e.V. (formerly
CFK-Valley) is now in full swing. In addition to high-speed
molding technology for aircraft structural members and the
world's first application of recycled CF to aircraft, we are also
in full-scale development to reduce the weight of medium-duty
trucks, for which demand is growing through e-commerce.
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Figure 2. Flax, Natural Fiber FRP

Besides COI, ICC conducted more R&D than in previous
years, including various funded programs and joint research
with companies.

Looking at the global technology trends particularly in Europe
in promoting ICC R&D, the 2010s was a decade of progress in
the development of high-cycle thermoplastic FRP press
molding for applying composites to automotive components.
Furthermore, overmolding that combines press molding and
injection molding, application of tailored blanks using UD
tapes, in-situ molding by tape lamination using robots, etc. are
hot developments.

Based on these technological trends, ICC is also focusing on
the use of UD tapes and in-situ molding (thermoplastic
consolidation, in-situ polymerization, etc.). In a joint project
with Maruhachi Corporation, we are working on the
development of online inspection technology that enables to
shorten the inspection process as well as in-situ automated
lamination of PAEK/UD tapes for aircraft applications. As for
thermoplastic UD tapes, it's necessary to manufacture the UD
tape itself from roving with good quality, as many materials are
not yet available in the market. The thermoplastic resin
impregnation system using ultrasonic wave by Adwelds Co.,
Ltd. was introduced this year and made it possible to
manufacture tapes in many variations, and we plan to use this
system to make composites using various thermoplastic resins
such as high heat resistant PA.

For in-situ molding, we are working with the Japan Aerospace
Exploration Agency (JAXA) to mold a tank for LH2 (liquefied
hydrogen) using the AFP process, which uses super
engineering plastics with a low melting point and low melt
viscosity as a matrix by mixing electron beam polymerizable
monomers. At the same time, by electron beam irradiation, the
original characteristics of the super engineering plastic are
restored, which is a novel process, and we are working on
research to achieve high quality and high efficiency in the
molding process.

In this way, ICC promotes industry-academia collaboration in
many R&D. Lightweight, high-strength and long-lasting
composites are playing an increasingly important role in
achieving the SDGs and promoting renewable energy through
Green Growth Strategy in recent years. On the other hand,
even for composites that make a significant contribution in
terms of LCA, the demands of the times require that the
materials themselves have a low environmental impact, and
we have started and will continue to focus our efforts on not
only carbon fibers, which consume a considerable amount of
energy during production phase, but also bio-derived materials
and recycled materials.
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Status of Promotion of COI Research Program in FY2020
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Toshihide Sekido Kiyoshi Uzawa

1.Current position and development strategy of this year's COI
research program

It has been eight years since this program started, and it is the
second year of Phase 3 (final stage), where we have mainly
focused on the development of social implementation of our
technology. From Phase 3, the themes will be narrowed down,
and the development of FRP reinforcing bars has been
designated as priority issue "Research Theme 1”. This is
required to be concretely implemented, that is the application to
railroad slab floorboards. For the core technology development
regarded as "Research Theme 2,” we focused on fire-resistant
FRP panels targeting building materials, digitization technology
in press molding, and innovative materials. Development was
promoted with full-scale test facilities for each installed ICC.

2. Remarkable results this year and future directions

There was an improvement in alkali resistance in FRP reinforcing
bars-reinforced concrete and an improvement in the concrete
physical characteristics. These had been two issues in the
research in "Research Theme 1". By improving the outer resin
layer and the interfacial adhesiveness between the reinforcing
fibers and the matrix, it was possible to improve the alkali
resistance and suppress the decrease in the concrete strength.

In addition, the biggest achievement was that the prospect for
practical application was clarified because we could verify that
there was no problem based on various full-scale load tests
and combustion tests assuming a fire. Regarding the social
implementation of FRP reinforcing bars for railway slab
floorboards, we plan to start the design and manufacture of
specific equipment for mass production with the companies
responsible for manufacturing the next year, and accelerate
their practical use.

In the basic technologies of "Research Theme 2,” in order to
promote the development of FRP refractory panels for
construction, a test furnace was designed and installed into the
facility for a loading performance evaluation in a high
temperature. In the development of refractory resin for the
panel, it was verified that the strength and rigidity could be
maintained even at a high temperature of 200 °C. We will
advance the technology further for practical use.

In press molding technology, the subject was "the mechanism
of resin flow inside the mold during press molding" which has
not been investigated worldwide so far. By clarifying the
relationship between the measurement data and the actual
molding process, we obtained the necessary data for
digitalization, which is a great achievement for basic
technology.

Regarding the development of cellulose resin, we promoted the
manufacturing process of cellulose mixed ester resin by a
one-step process that can be expected to have high
productivity, and we were able to demonstrate an annual resin
productivity of 2 tons/unit. In this theme, it was decided to
expand the utilization of biomass in collaboration with major
material manufacturers.

Composites United (IHCFK Valley) R1"V&E#(ZDWT:ThermoPros7/AY =7

Germany collaboration with Composites United (formerly CFK Valley) : ThermoProsProject FE EE
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Reference

1) PEEK vs. PEKK vs. PAEK and Continuous Compression Moldinghttps://www.-
compositesworld.com/articles/peek-vs-pekk-vs-paek-and-continuous-
compression-molding

2) Out of Autoclave Consolidation of Fiber Placed Thermoplastic Composite
Structures J.N. Swamy, ThermoPlastic composites Research Center (TPRC)
et al, ITHEC 2020 International Conference

Stringer

Frame

Figure 1. Composite Stringers and frames of Airbus A350 fuselage

Masanori Nakajima

In the ThermoPros project in collaboration with Germany, 13
groups of upstream and downstream companies, universities,
and research institutes in Japan and Germany are working on a
continuous process of carbon fiber-reinforced thermoplastic
composite materials as structural members for transporters.
The target of this project is focused on the low-cost,
high-productivity process of straight and curved thermoplastic
composite structural members for the aerospace and
automotive industries. On the Japanese side, roll forming and
continuous compression molding (CCM) technology that ICC
and companies have been working on is applied. We are also
studying automatic laminating technology for partial structural
reinforcement. For the aerospace industry, the German CTC,
as a downstream company, will develop fuselage stringer and
frame members (Figure 1) of a future medium-sized passenger
aircraft. The German Carbon TT, as a downstream company,
will develop truck frame members for the automotive industry.
In this project, 13 partners cooperate in the manufacturing of
parts as a process chain, such as the selection of materials,
manufacturing of the required semi-finished products by
various processes, application of partial reinforcement patches
to continuous molding technology, and secondary processing.
Details will be reported once the project is completed.The
thermoplastic resin matrices selected in the ThermoPros
project for the aerospace industry and automotive industry are
PAEK (polyaryletherketone) and PA6 (polyamide 6),
respectively. In the development of a continuous process, the
facility is equipped with heating devices to achieve
temperatures above the melting point of the resin. Cooling
devices are even more important to ensure the consolidation
quality of parts, which may affect the physical properties.
Furthermore, the cooling rate must be controlled with respect to
the crystallinity of the resin.Regarding the development trend of
the process of thermoplastic composite materials for the aircraft
industry, there are articles and reports on the comparison of
matrix resins, development of CCM 1), and automatic
lamination and VBO (vacuum bag only) consolidation 2). We
have also started the demonstration of vacuum consolidation of
PAEK CF UD laminates (Figure 2). Because the melting point
temperature of the thermoplastic resin is high, the process aid
material developed for thermosetting resin cannot be used;
therefore, the development of a new process aid material is
also important.

Example: Copper foil is used as the vacuum bag material

Consolidated laminate (12 plies)

Figure 2. Trial of vacuum bag only consolidation
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Group activities for permeability research
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Resin impregnation is an important technical subject used in
understanding the product performance of composite materials
in molding fiber-reinforced resin composite materials. In
modern product development, quantification methods as a
performance specification and prediction technology by
simulation are indispensable for design and product
management.
This study group has conducted basic research on the
comprehensive measurement and evaluation of the
permeability of fiber substrates. Resin impregnation is an
essential molding process for molding fiber-reinforced plastic
composites. In this study group, we focused on the range of
resin flow velocity and pressure from 1 atm of Vacuum-RTM to
the considerably higher pressures in high-pressure resin
transfer molding (HP-RTM) and discussed how the permeability
value should be determined in each case. The main
achievements made by 2020 since the beginning of the
workshop include the following:

1. Experimental grasp of permeability change due to resin flow
pressure; about the in-plain direction of the textile flow and
the horizontal direction flow.

2. Experimental observation and consideration of the temporal
dependence of the change in the permeability value along
the vertical direction of the textile.

3. Examination and proposal of a test procedure to obtain
permeability values with resin flow pressure dependency.

4. Improved permeability (darcy) flow simulation accuracy using
values obtained.

In the original concept, the research was started based on the
assumption that special measurement test devices would be
used. However, as a result of the research activities, it became
possible to rationally utilize a commercially available testing
machine to improve the accuracy of the simulation. It will be
possible to utilize the data measured by research institutes and
other sources and reduce dependence on the special skills of
the person in charge.
The permeability values of textiles change depending on the
pressure of the resin flow during molding. In this study, this
change was defined as the response surface of the
permeability value. The content is briefly explained below. As
shown in Equation (1), the basic mechanism of impregnation
follows Darcy's law:

Here, kis the permeability value peculiar to the textile, and p is
the viscosity of the resin. In this study, kis determined not only
by the textile-specific value, but also by the pressure of the resin
flow. The results of our experimental analysis show that the
value of permeability can be determined using the fiber content,
which can be determined using the pressure of the flowing
resin. Thus, the permeability value kfin the flow is(Eq.(2))

— AT HREBEOBERBICEVTI. YI7ERT—ILHIC
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Multiple measurements were performed on the textile to obtain
the response surface of the permeability value. Here, Vfis the
fiber ratio, and p is the resin flow pressure.

On the other hand, in the resin flow during the molding process,
it can be considered that the Vfof the textile is determined by
the deformation of the textile owing to the pressure during the
flow on a macroscopic scale. Therefore, the relationship shown
in Eq. (3) can be obtained from the mechanical characteristics
of the textiles.

The F7and Fzresponse phases were created by textile testing.
In the simulation, the FEM was performed according to Darcy's
law. This result reflects the change in textile permeability owing
to the pressure flow. Therefore, realistic calculation results
were obtained.

A simulation and an experimental comparison are shown in
Figure 1. The data show the pressure during molding in the die
of the HP-RTM. Permeability values established by this
research knowledge were applied for this simulation. The
pressure differences between the upper and lower sides,
pressure increase, injection time, and other parameters match
well.

In addition, the results show the possibility that permeability
can be used as a performance specification for textiles. Future
problems also became clear through such studies.
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Figure 1. Comparison between Simulation and Experimental
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Development of FRP rod using by pultrusion
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Molding speed : 0.8 m/min
\ Length of mold : 0.5 m  Polymerization time :
1 min or more

/ mold

In-situ polymerization resin
(Conventional process)

Resin bath

Roving heater
Molding speed :
1m/sec (target)

N\

<SSXNNTNRY]
/‘ Water bath  Impregnation head ~ Extruder

Thermoplastic (New process)

Figure 1. Pultruding model
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1.Modification of pultrusion machine and examined the method
of winder
This study focused on the development of FRP reinforcement
bars for concrete using pultrusion as a substitute for rebars.
The goal was to achieve efficient molding of FRP material that
is long-lasting, corrosion-resistant, lightweight, and
inexpensive. Figure 1 shows the conventional pultrusion
process using thermosetting resin with in situ polymerization
resin and the proposed pultrusion model using thermoplastic
resin. In the conventional method, a monomer was used as
the main agent. Since this requires a long period for the curing
and polymerization processes, it is difficult to increase the
molding speed. By removing the roving fibers when applying
the twist, it is possible to suppress the fuzzing of the fibers and
obtain a high convergence. This makes high-speed molding
possible, with a targeted molding speed of 1 m/s. The material
used was polypropylene (PP) — an inexpensive material with
excellent alkali resistance — as a matrix polymer. Glass fiber
(GF) and basalt fiber (BF) were used as the fibers.

In FY 2020, we examined the alkali resistance test of FRP
rods and the improvement of the interface characteristics
between the PP and the fibers. In addition, we modified the
device to improve the molding speed and examined the
method of winding the rod. Figure 2 shows a photograph of the
FRP rod. As a result of device modification, the molding speed
was 45 m/min in the molding of FRP rods with a Vf of
approximately 40 %. The FRP rebar must not deteriorate in a
strongly alkaline concrete environment. Therefore, we
evaluated the alkali resistance of FRP rods in accordance with
the JIS standards. As a result, we demonstrated that it can be
used sufficiently without deterioration, even in a strongly
alkaline environment. The FRP rod has a twist. When winding
the manufactured FRP rods, it is necessary to perform winding
and untwisting simultaneously. We examined outline of a
winder with a mechanism that winds the FRP rod by rotating it
in two axes:, (1) the twisting direction and (2) the winding
direction.

Figure 2. FRP rod
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Figure 3. IFSS of treated with silane coupling agent.

2.Improvement of interfacial adhesiveness by modifying fiber
and resin

PP is a lightweight, inexpensive, and highly chemically
resistant plastic. However, PP has no polar group in its
molecular structure; consequently, its adhesiveness to various
materials is substantially low. FRP rods are produced by
pultrusion and used as reinforcement bars for concrete;
however, the interior of concrete is a strongly alkaline
environment, which is problematic. Since BF is corroded by
alkalis, it is necessary to improve its adhesion with PP such
that it does not contact the alkalis. In addition, improvements
in mechanical properties, such as tensile strength, can be
expected by improving the interfacial adhesiveness between
BF and the resin. In this study, we investigated the effect of
modification with a compatibilizer and silane coupling agent on
the interfacial adhesiveness between PP and BF.

The compatibilizers (No. 1-4) were kneaded with PP at ratios
of 3, 5, and 7 wt% to modify the resin. For the silane coupling
treatment, a 1% aqueous solution of silane coupling agent (A,
B) was prepared and immersed BF in the solution.
Subsequently, it was removed and dried by heating.

Figure 3 shows the results of the microdroplet tests of
untreated BF, silane coupling treated BF, and PP with 5%
compatibilizer. Silane coupling agent B has a lower interfacial
shear strength (IFSS) than untreated BF, whereas silane
coupling agent A exhibited an improved IFSS under all
conditions.

Figure 4 shows the results of the microdroplet tests of
untreated BF, BF treated with silane coupling agent A, and PP
to which compatibilizers were added at each ratio. In both BFs,
the IFSS improved as the amount of compatibilizer added
increased, and the effect was greater when BF was treated
with silane coupling agent A.

From these results, it was found that the compatibilizer and
silane coupling treatments are effective in improving the
interfacial adhesiveness between the resin and the fiber.

Untreated BF Treated with agent A

IFSS, MPa
o

3 5 7 3 5 7 383 5 7 38 5 7
Ratio of compatibilizer, wt%

Figure 4. Relationship between the addition ratio of compatibilizer and IFSS
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Evaluation of adhesion strength between concrete and FRP rods
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Figure 2. Strain of rod and temperature under nonstationary condition
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Concrete has a strong resistance to compression and a weak
resistance to tension. Reinforcement bars, such as rebars, are
embedded in concrete to compensate for this shortcoming and
enable concrete to withstand external forces. Therefore, it is
important that concrete and reinforcement bars are well
integrated, and the adhesiveness between them is evaluated
using the pull-out test, as shown in Figure 1. Many studies
have been conducted on the node interval, the influence of the
diameter, and the cross-sectional shape of commonly used
rebars. However, if a reinforcement bar is corroded, the
performance of the corresponding member deteriorates.
Therefore, Fiber-reinforced plastic (FRP) rods, which exhibit
high corrosion resistance, have been implemented as
substitutes for rebars buried in concrete. Although studies
have focused on thermosetting FRP rods (hereinafter referred
to as FRTS rods), there are almost no thermoplastic FRP rods
(hereinafter referred to as FRTP rods). Therefore, to
understand the bond strength between a FRTP rod and
concrete, the variation in the bond strength of the FRTP rod
compared to that of a rebar was determined. The effects of
water absorption and temperature fluctuations on the adhesive
strength between the concrete and the FRP rods were also
evaluated.

The results show that the coefficient of variation of the bond
strengths corresponding to the rebar and the FRTP rod was
approximately the same. The results also confirm that the
presence or absence of water in the exposed environment
affected the bond strength between the FRP rod and the
concrete. However, as shown in Figure 2, it was confirmed
that in an environment subjected to temperature fluctuations,
there is a difference in strain between the FRP rod and the
concrete due to the temperature fluctuations, and this affects
the bond strength; further, this difference in strain is believed
to be due to the difference in the coefficients of thermal
expansion between the concrete and the FRP.

In the future, non-destructive monitoring of the deterioration of
reinforcement bars buried in concrete will be important.
Therefore, such monitoring of the deterioration of FRTP rods is
also being promoted, such as via electrochemical
measurements used to determine the corrosion rate and
corrosion status of steel materials.

Reinforcement bar
Concrete
)

Helical bar
100 100
(p6@40)
[

100 (mm)
(a) Front view

(b) Cross-sectional view

Figure 1. Pull out test specimen
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Continuous production technology of carbon fiber reinforced thermoplastic laminate aH G bl #—
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Process simulation tool for DBP

Heat roller press Cool press
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An efficient resin impregnation mechanism and continuous
manufacturing process of organo-sheets (an intermediate for
thermoplastic composites) has been investigated (Doctoral
thesis, Ishida), and the results are presented as follows and
shown in Figure 1.

(1) Two impregnation methods were investigated. One was a
solvent-based method using MeOH/CaCl2 for the PA6 resin,
which showed a good impregnation effect. The other was a
film-stacking method, and the impregnation process was
explained using Darcy’s law.

(2) A fixed-roller double-belt press (DBP) system was selected
for this study because it enables continuous compression
molding and good thickness control for organo-sheet
production. The temperature and pressure profiles during the
process varied depending on the process conditions and
consequently affected the resulting impregnation.

(3) A resin impregnation model for the DBP process was
developed in collaboration with IPCO K.K. and validated by
experimental results.

(4) Model experiments and simulation analysis revealed that
the deflection of the steel belt under a roller could
simultaneously cause resin impregnation and in-plane flow,
thereby affecting the resin pressure distribution. The
relationship between the process parameters and these
phenomena is clarified.

(5) Organo-sheets were fabricated via a DBP system based on
optimized process conditions using CF/PA6 and GF/PA66.
Good impregnation quality (void content: approximately 1 %)
and flexural properties (equivalent to those of the composites
produced by normal compression molding) were achieved. A
novel high-rate manufacturing process (process velocity: 1
m/min) using Induction Heating technology was proposed in
collaboration with IPCO K.K..

Consequently, the basis for a continuous organo-sheet
manufacturing process using a fixed-roller DBP system has
been established.
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Figure 1. Summary of the investigation for manufacturing organo-sheet using double-belt press
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FRP panel for construction (Development of the evaluation
process for fireproof structure)
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Masanori Nakajima

When applying FRP panels to buildings, long-time fire resistance
requirements are specified by the Building Standards Law to
ensure human life safety and structural safety from the time a fire
breaks out to the time it is extinguished. There is a difference
between the requirements of transport aircraft, etc., and when
applying new materials to buildings. It is necessary to be certified
by the Ministry of Land, Infrastructure, Transport, and Tourism by
undergoing a full-scale demonstration test. Figure 1 shows the
fireproof structure development process for the FRP panel under
consideration in this COIl project and the traditional method. The
major feature of the evaluation of FRP panels is that the fire
resistance and structural tests are evaluated separately. In the
fire resistance test, in a small- or medium-scale furnace, the
evaluation of the fire resistance material and the temperature rise
curve of the FRP floor (structure) panel were obtained under
heating according to ISO 834 (2-hour fire resistance standard,
etc.). On the other hand, in the structural test, various strength
tests at the coupon level were carried out under the upper-limit
temperature obtained in the fire resistance test and the
temperature rise at the initial stage of the fire. In addition, a
full-scale structure or half-size level FRP floor panel was loaded
in an environment that simulates the maximum temperature of
the FRP floor panel obtained in the fire resistance test. The
maximum deflection and maximum deflection rates were
evaluated using Deadweight. In FY 2020, we conducted
coupon-level characteristic tests and introduced a developed
large-scale high-temperature structure test equipment. The plan
is to confirm the validity of the fireproof structure development
process approach for FRP panels for buildings in FY 2021. The
introduced large-scale high-temperature structure test equipment
had an FRP test panel with a standard size of 4000 mmx 600
mmx 350 mm, a support span of 3200 mm for the loading test,
and loading by Deadweight. Figure 2 shows the large-scale
high-temperature test equipment.

Figure 1. Approach to the development of fireproof structure for FRP panels for construction

Inside of main device

Deadweights

Figure 2. Large-scale high-temperature structure test equipment

24

MK BERFRPY k) o At BE DR F

Development of matrix resins for fire-proof structure
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Figure 1. Fire-proof sandwiched panel for construction

Figure 2. Conceptual diagram of chemical structure of the resin newly

developed for fire-proof structural FRP
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Mivofumi Nishida

ICC pursues the development of innovative composites and
manufacturing processes for infrastructure. Developing
construction panel materials used in floors or walls of buildings
is one of our most important pursuits. Materials are required to
comply with the fire resistance standards set by the Building
Law; however, this does not necessarily mean that all the
constituent materials have to be nonflammable. To make
panel materials conform to the fire resistance standard, we
have proposed a structure in which a foam core material is
sandwiched between FRP skin layers and fire-proof coating
materials cover the upper and lower surfaces, as shown in
Figure 1. When the panel is directly exposed to a flame, the
fire-proof coating material swells up without burning, thereby
forming a heat-insulating foamed layer. Since the FRP skin
layer is protected from direct exposure to flames, FRP should
be capable of maintaining loadability, rather than
non-flammability, even at high temperatures occurring during
fires. Thus, we first designed a matrix resin with good FRP
moldability and a glass transition temperature (Tg) of at least
250 °C by assuming that the fire-proof coating material is
sufficiently thick and the FRP temperature reaches 200 °C or
less.

Figure 2 shows a conceptual diagram of the chemical structure
of the resin. This resin is an acrylic thermosetting resin that
has a viscosity of 680 mPa-s at room temperature, is
compatible with VaRTM when heated to approximately 40 °C,
and can be cured even when heated to approximately 80 °C.
As shown in Figure 3, dynamic viscoelasticity measurements
clarified that the GFRP using this resin became Tg-less even
when the resin was cured at 80° C, and the target Tg of
greater than 250 °C was achieved. In addition, ICC is working
on the development of a semi-organic matrix resin for FRP
temperatures up to 500 °C that is essentially incombustible,
assuming that the fire-proof coating material is made as thin
as possible.
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Figure 3. Dynamic viscoelastic behavior of GFRP
using the new resin
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Examination of condition optimization by predicting material flow during press molding process ~ B# HIAx +TH XE&
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Figure 1. Relationship between compressive load strain rate and
apparent viscosity (calculation formula is below). CFRP material
master data (material: thermoplastic epoxy CTT-CFRP,

material temperature 200 °C)

Takehizo Shirai Hisai Ueda

The quality of thermoplastic CFRP press molding products
involves various manufacturing conditions as well as factors
such as the preheating temperature of the CFRP material, the
internal fiber resin structure, and the alignment to the press
molding die. We are developing a new manufacturing condition
optimization method to solve this problem using data science
technology. In FY 2020, we examined a technology to correctly
measure the material flow in press molding dies for the
management of quality. To form the product shape, the melted
CFRP material flowed in the mold by a press compression
load. This material flow was calculated from the compressive
load flow test data obtained using a universal testing machine;
the compressive stress and strain data were used to obtain the
apparent viscosity. This value was defined as the master data
(Figure 1). The apparent viscosity obtained from the material
pressure and strain of the material in the mold during press
molding from the pressure and displacement sensor (mounted
on the press molding die) showed good agreement with the
master data (Figure 2(a)). From these results, it can be seen
that the apparent viscosity obtained indicates the change in
material viscosity during press molding, that is, the behavior of
the material flow. Comparing the apparent viscosity values of
the four press-molded samples under the same manufacturing
conditions, we found that the apparent viscosity values were
different and that the actual manufacturing conditions varied
(Figure 2(b)). If this variation in apparent viscosity can be
predicted and judged at an early stage in the press molding
process, and the material viscosity can be controlled by
changing the die speed of the press machine to manufacture
under the condition that the apparent viscosity is constant, the
products will always be manufactured under the same
manufacturing conditions.
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Figure 2(a) 4 Sample press molding die position and resin pressure,
change in strain rate (solid line: resin pressure, dotted line: strain
rate, material used: thermoplastic epoxy, press speed: 10 mm/sec,
mold temperature 200 °C). (b) Change in mold position and
apparent viscosity
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Observation of material flow behavior in dies during press molding and application to simulation BHF ®IA

AFBECFRPIL AR MBI O R ERKRMMgET — TS5
S LBRRABEEMH (BH:S5Y5 LY — b CTT: Chopped
carbon fiber Tape reinforced Thermoplastics) (&, ik =il
N RERE THI-OMEBREEORBMENFEEICKE VT
FRREEMLIDRNMTBIO T L AR THMI A H RS 55H
EHEUEMHTHZ, LHO L . AERRRBEABEEEADLS Y
THRRGEBAFRANMBNRE T 2RDOFEEIBESHNITH >
TRELT MPRE I aL—Ya VORI EESTTEDD
NTW2,2020FEF . MRRB VI 2L —Ya v E BRI %
T3 VTEREELEERSEAZAVWT) JRROERE
BOBEEZT 2.1 (CERRICAVWVY IRREEROEESE
R EBOAEE L REAMBHEICED TEREINE LA
ANEBRMBCHIESETCILABREETVEERO) 7EE
AEEIT T R2ICHBRERE R ) T ORRIEH N ST
ICEULEERDNOHREN . SEMBOTRICESTYTEINK
ELARD . TRAICEETZLNDFHOMBE T JIFER/E I
ETDRIEN DN > REROEREEET,10mm/secD 254
THRELEZVTESSEMOBERALRT 2. 10mm/secldE
BRI IS L TImm/secld 2B TELLTWS, ) 7
MEEEBET . Imm/secld 7)) 74— LBHNRABETIEHEL
D7EINSIERCEAASBICRKRE L Wb SBEEIC
FOTHMPMEEZZEZ 2L TREAOMBRE Z HIHEEHEX 2
ZEDNDD o SRIF. SOICHMRBITEED T L RBE
ZEORBUBRTCHERE > IaL—YavoRERLEE
EBLTWFETH 5,

Figure 1. Rib molded product used in the experiment
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Takehiro Shivai

Chopped carbon fiber tape-reinforced thermoplastic (CTT),
which is a thermoplastic CFRP press-molding material with
randomly oriented discontinuous carbon fiber tapes, has very
high fluidity because of the discontinuous carbon fibers. It is
therefore possible to mold complex 3-D shapes such as ribs
from CTTs using a single press molding process. However,
the material flow behavior in the out-of-plane direction from a
discontinuous carbon fiber laminate plane has not been
clarified, and the development of material flow simulation is
still under investigation. In FY 2020, the formation process of
the rib shape was observed using an experimental mold, with
a rib shape for comparison and the experiments were verified
with material flow simulation. Figure 1 shows the structure of
the rib-molded product used in the experiment. The press
machine was kept stationary at an arbitrary position above the
bottom dead center by position control, and the rib height of
the molded product was measured. Figure 2 shows the test
results. The rib formation started immediately after the material
came into contact with the mold surface, and the rib height
increased as the mold position went down. The ribs reached
the product height at a position before the bottom dead center
was reached. Comparing the results of rib height change
molded under two conditions of mold speeds 1 and 10 mm/sec
during molding, the change for 10 mm/sec was continuous,
while that for 1 mm/sec was in two stages. Observation of the
cross-section of the ribs showed that the preform layer flowed
out-of-plane from the rib side in the 1 mm/sec condition and
not simultaneously. In the future, we plan to conduct a more
detailed analysis to optimize the press-forming conditions and
improve the accuracy of the material flow simulation.
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Figure 2. Changes in mold position and rib height (mold
speed: 1,10 mm / sec, measurement position center:
central cross, other: average value of short and long sides)
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Development of PES /
electro-curable resin system for CFRTP's new AFP process

ICCIE. FEMEMFTHAEEE JAXA) D ED D BERTRE
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Super engineering plastics only

P #8X TRiE E1F W &
Hisofumi Nishida Masaki Inagaki Hioshi Yamashita

We attempted to develop an innovative manufacturing method
for high-pressure-liquified-fuel vessels made of
carbon-fiber-reinforced thermoplastic (CFRTP) by automated
fiber placement (AFP). In AFP for high-performance CFRTP,
the employment of a prepreg wherein the resin has already
been impregnated into fiber bundles would be considered
because the high values of the melting point and melt viscosity
of the matrix made of super-engineering plastics render in-situ
impregnation difficult. Nevertheless, heating using a laser has
certain limitations; for example, it causes temperature
unevenness, due to excessively high directionality, and locally
generated thermal stress, which occurs during cooling and
deteriorates the performance of the final product.

To solve these problems, we designed a new AFP process
using a highly functional resin (Figure 1). In this system, a
super-engineering plastic polymer is diluted with an
electron-beam-curable monomer to reduce the melting point
and melt viscosity of the polymer, although this deteriorates its
mechanical properties. Thus, in this AFP process, carbon
fibers are easily impregnated with the resin at a temperature
much lower than the original melting point of the polymer,
which makes in-situ impregnation possible. Moreover, this
resin enables the resin-impregnated carbon tape to be easily
melt-integrated with the lower layer to complete the lamination.
After lamination, the monomer is polymerized by electron
beam irradiation, and concurrently, the properties of the matrix
resin are restored. This resin system can be applied to
pressure vessel manufacturing. An example of such an
apparatus is shown in Figure 2.

Super engineering plastics + EB curable monomer

Melting point of the polymer is high. !N%ZIZ”WNN N‘%‘

‘N%%%WNN%% l Melting point is lowered by

mixing with monomer.

Polymer chain }N%%WW%Z ‘

.

Contact with the joint surface by mew
compression with the AFP roller NWMM%

‘ g ‘ EB curable monomer
-~
N%%L%WW %é Strong bond is formed not only by

diffusion of polymer chains across
the layers,but also by EB

Not so strong bond is formed only "’w WN%%
by diffusion of polymer chains N wa @ %

across the layers T iy e

polymerization of the monomer at
the interface to newly from polymer
chains penetrating the layers.

Figure 1. Difference of inter-layer joining mechanism in laminating process by AFP
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In this work, a feasibility study of the newly proposed system
was performed using polyethersulfone (PES) as a
super-engineering plastic polymer, and the mixture of triallyl
isocyanurate (TAIC) and polyamide 6 (PA6) was used as an
electron-beam-curable monomer. Here, TAIC functions as a
double-bond-containing monomer that undergoes radical
addition, and PA6 functions as a radical generator induced by
electron beam irradiation. We first confirmed that the addition
of the monomer drastically reduced the melt viscosity. Next,
the electron beam irradiation dose dependence on the tensile
strength of the PES films with various monomer ratios was
measured (Figure 3). As a result, it was found that the PES
originally had a tensile strength of 78 MPa. However, this
value was reduced to 28 MPa by mixing with a monomer such
as PES/TAIC/PAG (7/3/3), and the tensile strength recovered
to 60 MPa upon irradiation with an electron beam of 500 kGy.
This examination confirms the effectiveness of the proposed
resin system.

Figure 2. In-situ impregnation filament winding apparatus using electron beam irradiation for manufacturing high pressure vessel
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Figure 3. Relationship between electron beam dose and strength of PES containing EB curable monomer
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Development of waste-free flow media that can be
melt-integrated with matrix resin
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Figure 1. Flexural property of Phenoxy / Epoxy and Epoxy resin
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We have been developing waste-free flow media that can
improve the fluidity of resins by attaching to the tool surface in
vacuum-assisted resin transfer molding (VaRTM). Additionally,
the media can improve the surface texture by melt-integration
with the molded product. The flow media comprise a phenoxy
resin similar in molecular structure to an epoxy matrix resin,
thus, increasing the adhesion because of improved
compatibility. This year, we investigated the adhesion between
the phenoxy resin fiber and epoxy resin matrix.

Phenoxy resin has a glass transition temperature (Tg) in the
range of 80—90 °C and a weight average molecular weight of
about 41,000. The resin was melt-spun to obtain
unidirectionally (UD) aligned phenoxy fiber sheet with areal
weight of 136 g/m2. The UD phenoxy fiber sheet was
embedded in an epoxy resin with a volume content of 40% to
obtain cured resin plates. This study employed an acid
anhydride cure-type epoxy resin. The primary curing was
performed at 90 °C or 130°C, followed by post-curing at 140°C
for both samples.

The bending strength and flexural modulus of the obtained
cured plates were measured in the direction of 0 or 90° with
respect to phenoxy fiber orientation (Figure 1). The 90°-
bending strength and flexural modulus of the molded plate
primary-cured at 130°C did not show a significant decrease in
the 0°- direction and compared with the epoxy alone (without
phenoxy resin fiber). However, the plates primary-cured at
90°C exhibited significantly reduced 90°- bending strength and
flexural modulus for samples with phenoxy fibers. Further, field
emission scanning electron microscopy (FE-SEM) observation
of the fracture surface of the molded plate fractured in the fiber
direction in liquid nitrogen revealed the melt-integration of
phenoxy fiber and epoxy resin at the interface (Figure 2).

The aforedescribed results indicate that curing epoxy resins at
130°C, that is, at sufficiently higher temperature than Tg of
phenoxy resins, caused melt-integration at the interface
between the phenoxy fiber and the matrix resin, thereby
improving the interfacial adhesive strength.

In future, we aim to develop flow media with strong adhesion
for resins, even at lower temperatures.

Figure 2.
SEM image of Phenoxy /
Epoxy cured at 130°C
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Wrinkle configurations and its fracture behavior through the partial bend-forming wE BE
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Katsuhiko Nunotani

The purpose of this research is to develop a partial
bend-forming process that enables low-capacity heating and a
low processing load. The partial bend-forming process has
sufficient potential as a low cost and simple process for thick
plate CFRTP parts with a simple cross-sectional shape, such
as S-beams for stiffeners, flat plate edges, and blankets.
However, in the partial bend-forming process, wrinkles are
always formed in the bent portion, and some types of wrinkle
configurations cause a significant decrease in strength and
variation in stiffness. Therefore, we propose a multi-motion
partial bend-forming process (see ICC annual report 2019)
that enables the formation of the designed wrinkle
configuration by controlling the wrinkle formation process.

In the multi-motion partial bend-forming process,
formation-controllable wrinkles can be broadly classified into
three types. The wrinkle configurations described herein are
illustrated in Figure 1. The types are (a) a type with large
asymmetric wrinkles consisting of all layers laminated with
S-shaped folds; (b) a type with symmetrical wrinkles consisting
of some layers laminated with S-shaped folds; and (c) a type
with multiple small wrinkles consisting of several layers formed
in a dispersed manner. In (a) and (b), an overlapping wrinkle
surface forms, but not in (c). The characteristics of the
wrinkled fracture mode are explained by the curved beam
strength (CBS) test results. The failure of the wrinkles in (a)
and (b) occurs via the separation of the overlapping wrinkle
surface. The failure of wrinkles in (c) occurs by delamination,
but does not propagate at once. These dispersed numerous,
small wrinkles suppress the propagation of delamination. In
rare cases, a high CBS may arise in the wrinkles of type (a).
However, wrinkles in (a) exhibit large variations in mechanical
properties due to their unstable configuration and left-right
asymmetry. Therefore, it is concluded that the wrinkle
configuration applicable to structural parts is the dispersed
wrinkle configuration in (c).

The developed multi-motion partial bend-forming process can
control the wrinkling that occurs in partial bending. It was
confirmed that the dispersed wrinkle morphology suppressed
the deterioration and variation of the mechanical properties.
Currently, this process has been verified for various laminated
materials such as matrix resin, reinforced fiber, and textiles.

Figure 1. Types of wrinkle configurations and typical curves of the CBS tests
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Study of the use of CFRTP for stranded wire and winding grips
of electric power distribution equipment

AV ISRFEOMMEEEMHIREZAT I T BELICE
HEEHEOEEP MEREICKEZAYTFYRIZ MDHEIRAE
FCED AMATIL RBERPEEAXZIZXBROESHELE
BERNELT KDIREKLVBEMFI YUY TOCFRPIEARE LT,

HTICKIREGHEBICEE(FT TV y THEONTVD KT AR
To5EENREBERMIFIV Y FICIEFTL— R B INS
CFRIEBABE IR HIEIC L2 CABKOMA® (i< T —
L) & ERLIZBHESUy TOLEARRIZETEEEFA
LTMICEZ UL BERFI) Y FEBEEREFICKDIRICE
EFFTCEET 27O LNBREDEBFANFEL A>T (K2),

ZICUTOEBAEERT LT,
1. E5GETVyTRADTRD EDH —RY M EDERNES
2. ZEAIICK2EE
3. AV =LAV —HICLBBEFITT) T/ ENREO#E A
ICK2EE

BESABROBRERIICRT AN —X Y MIRKRDEM TIZE
WML TTEIED  FRPMTIEBODNECH — Ry MIEDBREED
BIoNTUES O TR REBNDBONED ST EBAHICEK
PEETIH EABEEBVEDODT ) Y TEIHEBADIGAEFH
S ENIREEDREBRTZBERER > o HRBOXE
KHEERIDHEEEFOABIRENTIEVN.ZZ T HEFT
VTV IZEDBREEBZHFT VY TOBICHEALTRELSE W
EOMOICHAESETBBZRERS LIS RIREEZRE
CEE2EABEEEDZENHRR,

L
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Figure 1.
Application location

\\/

Figure 2. Above: Stranded wire with CABKOMA®
Bottom: Winding grip made of CFRTP
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By replacing the steel in infrastructure facilities with composite
materials, it is anticipated improving workability due to weight
reduction and reducing maintenance costs due to corrosion
resistance. In this study, we investigated the use of CFRP for
stranded wires and winding grips for the purpose to make
composite materials for distribution lines and branch lines that
support utility poles.

Figure 1 shows the use of wires and winding grips at the end.
The wire and the grips, we used CABKOMA®(Komatsu
Matere), which was composed of CF tow covered with braided
fabric and thermoplastic epoxy resin. For the grip, the spiral
shape can be formed by thermoplasticity, but since it is
installed by wrapping it around the wire on-site, the fixing force
with the stranded wire becomes an issue (Figure 2).

Therefore, the following fixing methods were tried.

1. Friction fixing by garnet inside the grip

2. Adhesive bonding

3. Fitting by interlayer material between grip and wire

The results of the strength test are shown in Figure 3. Garnet
is an effective method for conventional steel materials.
However, in FRP materials, sufficient fixing force could not be
obtained because slippage occurred and the covering layer
was cut off by the garnet. In the case of adhesive bonding,
although the bonding strength is high, the stress concentration
on the end of the grip results in a decrease in the strength of
the wire itself. Moreover, depending on the weather conditions
at the time of construction, the adhesive cannot be
used.Therefore, the braided prepreg was inserted between the
wire and the grip and then cured. As a result, the fixing force
exceeding the standard value was obtained by the
intermediate layers fitted to each other's surfaces.

90
80
70
60  Standard value Standard Breaking strength
Soy  4HOKN 80kN
=
840
S 30
20
10
0
1.Fixation with 2.Fixation with 3.Fitting with
Garnet Adhesive Braid
specification

Figure 3. Results of strength test

CFRTPR 5 FORBILKICEIT /IR B EEBEDRRE

Development of end fixing structure for expanding the use of CFRTP strands SE=g i)

ICCIR . AABUEMEZRVIREMEEAMBLNE
(CFRTPRIASVYR)EVTYNERMAET DL T REREY
O ERBBHE L CHGIRERTEEEETIIRINELS &
EOPDCFRTPANS Y RDIGEBEHBEXRF L. CFRTP
FERICHEART BT BRE.HUORVW HEELITCLWEWLS
REREBLTED BICCFRTPRANS Y RO HEWE WS
BNEEMIRICET2HH IV ) - MEEDHFORE AR
ELTHBFSINTEN BRICAIT-BERE EREFAINKZ
KEET3.C2C.#%BHIAVI - MEEZSDMBEBEADE
IE&EZSE.CFRTPR RS Y ROKBRIN KD ONZ =8, 5
EUIHBEEBENCFRTPAN S Y REXRBRILLIZBEICE
BIECTERZHNAERIET DL T ARLANPERTEDIEER
T2l EDZEN B CFRTPR NS Y ROKFHIHEE BB E
DIEEURICEZAZFEASIRERR. RREBEOXIRCTICLD
MEBHERICK > THERLIL. ZDHR.CFRTPA NS Y ROKE
LIS CT.CFRTPY 7w hDEBAN DY T Y FRABETD
REEHEZRECELDZZET. RIGICEVWTER6PDZE LR
EDBEEREBSDIZENTEDRIELHELNER DT,

INOOMBEIZ. BE-TADBADOCFRTPEIGE W> 78]
BATHERREDTHIIRE. K2 3ICRTEET I AREEEY
DIHBRBANDEIG (2022FELTFE) P M4, 5ICRT %A
Vo) - EE(RCHEE). 7JLARNL ROV U — & (PC
BE)ANOERICE T -ERMRICEAINDIHRE BE- LK
AHFADCFRPESGICHEITTCERICHARABROBENE ZAb
nTwa,

Heat above CFRTP Socket Welding

melting point

CFRTP Rod

Lidiid

Tt
Heating Press—Cooling

Figure 1. Outline of end fixing structure

Figure 2. Adaptation to seismic
retrofitting cases of existing diameter of 6¢
wooden buildings

Figure 3. Molded strands with a

Yuga Takaiva

ICC developed the end-fixing structure of the carbon fiber
reinforced thermo plastics (CFRTP) strand (6), which is
suitable for the seismic retrofitting of wooden buildings, as
shown in Figure 1. Compared to steel, CFRTP is lighter,
stronger, less prone to rusting, and is less likely to condense.
The non-rusting property of CFRTP strands is expected to
allow their substitution in reinforcing bars in reinforced
concrete structures in salt-damaged areas. In this study, the
verification of CFRTP was performed by adapting reinforced
concrete (RC) and prestressed concrete (PC) structures with
CFRTP. The verification was carried out by determining the
effect of increasing the diameter of the CFRTP strands on the
structural performance of the end-fixing structure and by
observing the X-ray CT cross-sections after the test. The
results showed that a diameter of 9¢ can produce the same
structural performance as a diameter of 6¢ upon increasing
the shortest distance from the through-hole of the CFRTP
socket to the outermost edge of the socket.

These findings are useful in adapting CFRTP to the fields of
architecture and civil engineering. Currently, the use of CFRTP
for the seismic retrofitting of existing wooden buildings (Figure
2 and 3) and for experimental research (Figure 4 and 5) has
been planned in applications entailing RC structures and PC
structures.

Figure 4 .Experiment for application to
PC structure

Figure 5. Diameter 9¢ Dismantling
survey after experiment
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ICCAVYN=2 Yy TLBICEIT2EZBETHOMRE
Outcomes from Industry-Academia collaboration activities among ICC membership program

AVN=2y TRBIRIAZDEMEEE LTRIFANSZEIZEN TS5V b7+ —LELTRDICCEER U-ESEE 8 %
T2ENTEET , ZITIEIAVN =Dy TREDHFFBORFROZORRICELTBNALET,

SEEFFEIOFVMNIILAOEETRECEINFIRINE LA ARIOZHIEER - ZEHBFOREROISRL —
TIAVICEDENBEDTHN. ICCTIISHREA—TV IR A —I =T o EREBIEL T LWEEDA —T V1 /N—2 3y

REAREHELTVEEY,

Members can engage in collaborative activities with the industry and academia using ICC as a platform by accepting
invitations as a visiting researcher at our university. This section introduces research activities conducted by members

and their achievements.

This year, the research activities were severely restricted due to the influence of COVID-19; however, these activities
originally led to a collaboration between companies in different industries and fields, and the ICC will continue to
promote an open innovation environment for free access laboratories.

TXM SERERAARDFAFE
EHEMIZNRARE TSUDAKOMA Corp.

Development of TXM continuous molding machine

MEWELELINEBE BRICEEADBEMEL T A—
Ry 7O771ILDEHRRFEICRIBATNS EARFLRIZK
BNRNYFARTIH RE -KE-EODRENEELR/NIA—FE
BoTED MRICE S TRERNSA =Y ERIRTZIEN TR
BAEBODDIATEETHIZENHONT WD,

COITHMRERBICELEI >LBE BHEOILNZDOESE
BESNTREICEET LV BEINKRAL L. ZOREKE
LTCRB7T—X3DTERIZIU—ILICEBMEERADOH %
EBML. BFARREBIZUNTELBERELTRLIE.ZO
BEARIIEVWT £S5 —2DEBWR/ISA—FARDIITDIL
IZRETh L7z,

RTEF. K1Y Composites Unitede DERMAEICEWNT,
RERMEEICH T RREEMOBERKICIOBEATND,

TXM continuous molding machine in full

Example of molding profile
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We are working on continuously forming carbon profiles as
structural components that can be used not only in aircraft but
also in automobiles and construction. Important parameters in
the batch method using intermittent presses are temperature,
time, and feed rate, and it is known that selecting the most
appropriate parameters according to the material is important
to maintain quality. Toward the end of our research at the COI,
an issue surfaced in that the meandering of the fibers during
preforming could directly affect the strength of the material. As
a countermeasure, we controlled the tension of the material by
creels in the first year of Phase 3, and we were able to obtain
good results. In conclusion, we succeeded in finding another
important parameter for this molding method. Currently, we
are working on developing long structural materials for
next-generation aircraft in collaboration with Composites
United e.V., Germany.
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RPM B IC& B 5L RER CFRTP 7O 7 # B
ABEIE%KKXS4  Ishikawa Jyushi Co., Ltd.

Void-less thick CFRTP block material molding by RPM molding

AINBEIEHTE REZ IV YoYavlBeTLR
BE. . SENIOEMEAVICC.AIEIERBHEEEL
Reaction Press Molding GRBESE 7L . LUFRPMAL
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268 ORY DFEIHIBD/NY REZDERTL — MO OFER LE
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No Void!

Reaction Press Molding

AT = HA
Katsuaki Kawada

Ishikawa Jyushi Co., Ltd. has used the injection molding, press
molding, and mold processing technologies developed over
many years to collaborate with ICC and Industrial Research
Institute of Ishikawa to introduce a new technology for reaction
press molding (in-situ polymerization type press molding,
hereinafter referred to as RPM). We succeeded in achieving
void-less molding while reducing the establishment and
molding time. (Ishikawa Jyushi Co., Ltd. and Kanazawa
Institute of Technology, Ishikawa Prefecture have jointly
obtained a patent: Patent No. 6675666, registered on March
13, 2nd year of Reiwa.)

In addition to metal plate substitutes, the thick wall allows a
wide range of prototypes to be cut out. Our company
developed the hand at the tip of the six-axis robot used for
molding from this thick plate, and we were able to reduce the
weight and shorten the molding cycle.

Left: Processing example using CFRTP thick block material

Right: Lightweight robot hand: -30% by weight compared to aluminum hand

A-LFT \Lw bRz CFRTP ®R)L ~DORIH
Development of CFRTP bolts using A-LFT bullets

A-LFT&(FApplied (RBICEEINT) . Aligned (BFIL72).
Advanced (£#i#97). Long Fiber (F#i#). Thermo Plastic
(EARTEE MBS ) DB CHEMR BRI 2 A U VI AT (2 & 78 L 7=
REHORABUHEEATEONNL Y k(&) | & IS 2R
PEVaRTMEFES 2, R, ZNEE — h&I —ILTRITIRICT
L RBT . B TIRRB RGN > Rl CRAm S o/
YA 7L TA127)L180%) THBE (5I5RME700MPall L)
DOCFRTPRILMDREFEICENLE L BEIIBELRZ2BRET 12
ILBEDR EEBIELALY MEEEICCLE#E LRI TT,

A-LFT is the abbreviation for applied, aligned, advanced, long
fiber, thermo plastic, which uses braid technology and Vf. First,
VaRTM molding is used to impregnate the braid with resin to
form a rod-shaped molded product called a bullet, which is a
long-fiber thermoplastic composite material, with controlled
fiber orientation. Next, it is heated and cooled to form a screw
shape. We have succeeded in molding CFRTP bolts with high
strength (tensile strength of 700 MPa or more) and high cycles
(180s per cycle), oriented with long fibers, which could not be
achieved by injection molding. Currently, we are developing
bullet molding in collaboration with ICC with the aim of further
improving the molding cycle and strength.

VaRTM molded bullet

CFRTP M12 bolt
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Screw thread cross-section observation photograph
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