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Overview of the Innovative Composite Materials Research and Development Center and the COl STREAM Program
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Kanazawa Institute of Technology (KIT) has set up the “Innovative
Composite Materials Research and Development Center,”
hereinafter referred to as the ICC. At present, ICC has entered its
fifth year as an international innovation hub to solve the social
infrastructure issues facing not only Japan but also the world, At
ICC, R&D system is built by integrating research institutes of other
universities and companies of different industries and fields.
Through close collaboration, characterized by the “under one roof”
theme, about 3,000 researchers from other companies and
universities across the world have visited the ICC in the last fiscal
year and accepted one graduate student as an internship.

In the COl STREAM Program, fiscal 2018 was the sixth year of a
total of nine years. It was also the final year in Phase 2 of the
program’s three-year division. The program received a
comprehensive “A+" rating in the second interim evaluation from
the Japan Science and Technology Agency (JST). In particular, the
program has succeeded in realizing the establishment of a system
for achieving technological improvement in collaboration with other
companies and initiating efforts for industry-industry-academia
collaboration. The program is highly regarded for the
"establishment of an independent innovation platform." However,
despite promoting activities of diverse human resources focusing
on young people, there are still issues regarding the creation of an
environment for promoting the participation of female researchers.
In the next three years of Phase 3, the COl STREAM will have to
define the required specifications and the path ahead for the
realization of social implementation with a technical basis. Even
after the implementation period of the program, it is still a
challenge to connect with public funds and joint research funds
with companies for ICC independence.

The outreach activities including to the presentation of the results
of research and social implementation initiatives were actively
promoted at home and abroad in FY2018. At the “KIT-COI
Symposium " the activities and results of our center were
presented, and many samples and prototypes were exhibited. In
preparation for joint research with German carbon fiber clusters in
Europe, where CFRP application is faster than in Japan, efforts
have been launched to accelerate not only development and
commercialization of Japanese companies but also social
implementation,

In response to the adoption of the “Regional science and technical
demonstration center development project " in the supplementary
budget of fiscal year 2016, a demonstration hub in an area
adjacent to the ICC was opened with the aim of accelerating R&D
for the commercialization of innovative composite materials.

I FE30(2018)EEDEEEE) Operating Activities in Fiscal Year 2018
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1 Amendments to ICC management regulation

The regulations for the operations of ICC were framed
for the fiscal year 2015, In July 2018, the Innovative
Demonstration Development Center was opened at ICC
by Regional science and technical demonstration center
development project. Therefore, the purpose of setting up
this hab was added to the ICC regulations. In addition, the
charge for the use of facilities and equipment was added as
a revision of the ICC usage regulations.

2 Acceptance of researchers

ICC accepts researchers who are enrolled in various
companies. In FY 2018, 61 researchers from 47
organizations were accepted.

3 Implementation of ICC users’ initial training and
safety activities

ICC utilization initial training is provided for those who had
accepted as collaborative researchers. This training is
conducted as researchers need to learn usage conditions
and procedures that are to be observed while conducting
research activities at ICC. The important contents of the
training module included (i) safety, (ii) intellectual property,
(i) confidentiality and results announcements, (iv) fraud
prevention, and (v) ICC usage procedures.

4 Budget execution

By utilizing the “Budget Execution Management System” ,
which can centrally manage budget in a timely manner for
business activities related to COl STREAM, and due to the
improvements made in the system last year, it has been
connected to the Internet. This has enabled improvement
in processing speed and responsiveness from outside the
university.

5 Patents

Although the number of patent applications received this
year decreased slightly compared to the number last fiscal
year, many research results were received; and one was
also registered as a patent. Moreover, the number of the
patents related to manufacturing equipment and technology
saw a rise compared to last year.
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6 Public relations and outreach activities

For research and development of carbon fiber composite
materials, we actively conduct external dissemination
activities and information gathering activities both in
Japan and overseas. This fiscal year also we were very
active in this aspect. We participated in the JST fair that
was conducted in August 2018. In October, we held
the "KIT-COI Symposium" at The National Museum of
Emerging Science and Innovation in Tokyo to announce
the results of the COIl project. As an organizer, ICC
held the “Composite Highway Convention, 2018” at
Nagoya University in December, where about 250 people
participated. In March 2019, we exhibited at the CFK valley
joint booth of JEC World 2019 in France.

A video introducing the contribution of the COI to
Sustainable Development Goals (SDGs) was produced
from the JST budget, and it has been disseminated
overseas (including to the UN Conference). Also, videos are
uploaded to the ICC / COl website and "JST Channel".

LI

¥
THE INTERNATIONAL CAKBON COMPOSITES NETWORA

Ne "

JEC World 2019 @ CFK Valley 7=2IZT
7 Acaquisition of external funding

In this fiscal year, the number of joint research projects with
companies doubled, and the joint research funds increased
by more than 50%. This shows a positive trend toward joint
research activities of ICC.

8 Membership program

The number of the participants in membership programs
at ICC was 58 researchers from 47 organizations. In
addition, a member of foreign nationality (from France) also
participated during this fiscal year.

9 Users and visitors

The number of researchers using ICC (excluding ICC
full-time staff) in FY 2018 was 2,978, which is almost similar
to the number in the previous fiscal year. The number
of visitors at ICC in FY 2018 was 1,157, which was 10%
higher compared to the number the previous year. The
rise in the visitors’ number has led to an increased interest
in the contents of the research and development at ICC
and in the formation of new industries, industry-academia
collaborations, and regional creation,
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10 Specifying resident classification

To maintain safety and confidentiality within the ICC facility,
a display system was introduced to check who is on duty,
and clear visual classification has been established.

11 Collaboration with foreign countries

We signed a memorandum of understanding with Korea
Institute of Carbon Convergence Technology (KCTECH),
which is the only government-funded research institute in
Korea for carbon fiber reinforced polymer (CFRP). We also
signed a memorandum of understanding with Universiti
Putra Malaysia (UPM).

KCTECH £® MOU ##

12 Security export trade control

Starting from this fiscal year, with the acceptance of the
advisor of the Ministry of Economy, Trade, and Industry
in the advisory dispatch project, we held a seminar on
security trade control practices for the concerned staff at
our university, and received the advice of the university
operation system.

13 Regional science and technical demonstration
center development project

The work on setting up of the “Innovative Demonstration
Development Center through High-Speed, Continuous
Manufacturing Process of Composite Material
Development” was completed in March 2018 and the center
was opened in July 2018. The center will carry out activities
for providing a consistent development environment starting
from basic research to product development, accelerating
commercialization, and achieving regional creation through
industrial collaboration.
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14 Management of the organization for
advancement of COl research

ICC continuously carried out the management of the
organization for advancement of COIl research based at
Kanazawa Institute of Technology. The important theme
of the organization is “Construction of next-generation
infrastructure systems using innovative materials—
Realization of a safe and secure society that can coexist
with the earth for centuries.”

The overall evaluation rating “A+” was obtained at the
second interim evaluation from JST. In particular, the
concept of the platform received an evaluation rating of
“S8” , and it was highly appreciated that it could be done
“Under one roof” system. While it was rated “A” in terms
of base design and research and development/society
implementation, it received “B” in human resource
development/promotion of activity promotion, and the
promotion of the activity of young researchers—especially
female researchers.

1 As 2018 is the final year of Phase 2, the themes
a) “When and who,” b) “What kind of services will be
created” , and c) “The scale of effect and realization time”
were reorganized on at the end. In Phase 3, the project
focused on six themes such as social infrastructure
and housing construction, it was showed that marine
infrastructure should use external funds as a collaborative
project.

2 Among the companies and organizations that
participated in the COI project, there were three withdrawals
and one new participant.
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1 Project planning for industry creation

In addition to joint research involving companies with
specific projects and ICC, projects have been planned
in 2018 in collaboration with multiple companies and
institutions, including the Ministry of Economy, Trade
and Industry Supporting Industry (Strategic Foundational
Technology Improvement Support Operation) project, and
two projects related to Ishikawa Prefecture’ s Ishikawa Next
Generation Industry Creation Fund, and other new programs
have been launched.

Furthermore, taking advantage of the MOU (Memorandum
of Understanding) with ICC, Germany' s carbon fiber
composite cluster, CFK Valley, adopted an international
joint research proposal with Japan as a partner country
as part of the German Federal Ministry of Education’ s
Internationalisation of Leading-Edge Clusters,
Future-Oriented Projects, and Networks program. CFK
Valley collaborated with ICC from the inception of the
project to the matching of project themes and participating
institutions. An agreement regarding the participation
of German and Japanese companies and institutions
in the project was reached in December. This project
is not only significant as joint research undertaken in
international industry-academia partnership, but is also
important because the participating German companies
and institutions are potential outlets for the research and
development, which is aimed at concrete applications.

2 Outreach activity

ICC is the core center in the Kanazawa Institute of
Technology (KIT) COI program (November 2013 = March
2022) in the COlI STREAM program of Japan’ s Ministry
of Education, Culture, Sports, Science and Technology,
active in running joint industry-academia R&D and projects
A KIT-COI Symposium held in October 2018 at the Miraikan
(National Museum of Emerging Science and Innovation),
to publish the COIl program outcomes such that they can
be useful for the promotion of their application in society.
Alongside keynote speeches, progress reports, and panel
discussions, deliverables were displayed and presented,
and information sessions were held. During these
presentations and the subsequent socials, COI researchers
engaged in lively discussions with large numbers of visitors.
Furthermore, in continuation of the previous year, we
remained involved in the Regional Industry Tie=-Up (RIT)
program of the Japan External Trade Organization
(JETRO), which engages in business exchange and
commercialization with overseas regions and regional
industry revitalization of specific regions. Making use of this
program and receiving support from Ishikawa Prefecture,
ICC and seven companies (from Ishikawa, Fukui, Gifu, and
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Aichi Prefectures) collaborated to exhibit in a joint booth
at ITHEC 2018 (international conference and exhibition
regarding thermoplastic composite materials) at the end
of October in Bremen, Germany. We subsequently visited
CFK Valley headquarters in Stade, holding an international
exchange event for German-Japanese companies.

3 Activities aimed at industry creation

In addition to planning projects and various
industry-academia partnership activities, we are also
involved in a range of network building activities. One of
the objectives of this is to contribute to building markets to
create industries.

In Japan, ICC has formed consortiums, since November
2014, with public research institutions, mainly in the
Hokuriku and Tokai regions, including NCC at Nagoya
University and GCC at Gifu University, and continues to
support commercialization and the formation of networks
for companies in each region as the Composites Highway
Consortium.

As part of the consortium program, ICC organized its 2018
Convention in December. Talks and reports about the
consortium’ s annual activities were conducted in a hall at
Nagoya University, with panel exhibits taking place in an
adjacent hall. Keynote speeches were delivered by Arnt
Offringa of Fokker Aerostructures BV in the Netherlands and
Kyusoon Park of KCTECH in Korea. Presentations were
given by the finalists for the Composite Highway Award
(4 categories) which was set up in 2017, and one-minute
presentations (pitches) were given by the panel exhibitors.
Moreover, at the SAMPE Japan Exhibition 2018 held from
17-19 October, ICC, NCC, and GCC of the consortium
jointly set up a booth. Thirty-five companies took part in a
joint exhibition and a Business Matching Event was held .

4 Expanding collaborations

In 2018, ICC researcher networks were linked to form new
networks and international exchange agreements were
reached for the promotion of organizational cooperation
such as R&D and personal exchange between Kanazawa
institute of Technology and Universiti Putra Malaysia
(UPM), one of the key universities in Malaysia. Since the
agreement was reached, we have contributed to students
gaining doctoral degrees at UPM and within the same year,
two joint papers were published (including IF = 5.651) and
two papers were presented at international conferences.
The ICC director visited KCTECH in Korea to give an
address and the interaction is continuing. To promote
future international exchange and collaboration in the field
of industry-academia partnerships, KCTECH and ICC
concluded a cooperative agreement in March.

IV #BEE) ICC Educational Activities
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As part of our philosophy to be a center that fosters human
resources for industry, combining theory and practice,
as well as an interdisciplinary center connecting various
related fields, ICC works to realize consistent training
programs for students and working members of the society.

1 International interns

For a period of four months (from June to September),
ICC welcomed Master’ s course student from Bremen
University in Germany as an intern. During his internship, he
engaged in a wide range of activities under the guidance of
an ICC researcher including R&D and took part in research
meetings. The student included these activities in his
Master’ s thesis.

2 High-reliability manufacturing of composite
materials Special lectures | & Il (Advanced
composite materials course | & Il)

Special adult lectures were delivered by our graduate school
personnel. In 2018, we invited KIT/ICC staff members as
well as other researchers investigating the cutting-edge
areas in their fields as external lecturers, for classroom
learning as well as practical training. These sessions were
held on Saturdays to allow easy attendance and consisted
of 8 classroom sessions in the first half and 8 practical
training sessions in the second hal.

The advanced composite materials course | (mainly
classroom teaching) covered a wide range of subjects
including molding composite materials, reinforced fibers,
matrix resins, composite material interfaces, design,
evaluation, and application. The advanced composite
materials course Il (mainly practical training) included
an introduction to the latest application technologies,
technologies for the development of composite material
parts, composite molding, and evaluation tests. During the
last session, a contest was held involving molded products
created by participants and the design, manufacturing,
and evaluation of the composite components was
comprehensively discussed.

In addition, ICC organized the Ishikawa Prefecture Next
Generation Industry Creation lectures/New Technology
seminars (Ishikawa Sunrise Industries Creation
Organization), a seminar on using high-function new
materials (Chubukeizaisangyo Bureau, Hokuriku Bureau),
and the Hokuriku Industry Revitalization forum (Hokuriku
Industry Revitalization Center). Furthermore, we delivered
lectures and practical training in response to requests from
external institutions.
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2018 £ED COl HARFEV IR
COl research topics for FY2018
BIF $%8 / #4% . Sekido Senior Advisory Engineer / Professor
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2018 Cellulose Nanofiber Performance Evaluation Work Outsource Project

Proving, Evaluation, and Verification for Introduction of CNF Materials for Social Implementation ~ Automotive Field ~
#% PR /%42 : Uzawa Director / Professor, BiA #f% & : Tsukegi Researcher

AR - 8 - 2500 %A : Sakuma, Inui, Noguchi Engineer

COl #|% COl EFEBHRIFVF
KB 3D VYT 12712&% CFRP XLy MERWEEFHNEEY 1 —LOREHEICEYT SHR

COl business COI young research collaboration fund "Study on innovative wall module design method using CFRP pellets by large 3D printing"

FHE - IUFT #fEE : Ueda, Yamashita Researcher

LEXREN DR Tg M ETRFMIEDOMRE
Thermoplastic epoxy resin with high glass transition temperature made from solid precursors
PEHE - #BEE H%E : Nishida, Inagaki Researcher

PP RIAVARIy MIHF 25 MBE{LH (iPP-PAA) DFIF
Development of new compatibilizer (iPP-PAA) in PP composite
HiAR - ILF WFFEE : Tsukegi, Yamashita Researcher

FTIRILNTLRICK BT AL RBH
Continuous process for impregnating a carbon fiber with thermoplastic resin using double belt press
JbE - 5H - LB fH%E : Kitada, Ishida, Ueda Researcher, { /Al #:Ef : Sakuma Engineer

FRP R+ 5> FAY RHEIO35 1R
Pultruding of FRP strand rod material
EH - IIT #F%A : Ueda, Yamashita Researcher, % - #A4< #%47 : Inui, Matsumoto Engineer

CFRTP #8070t A KM%
CFRTP bonding process technology
I - fiR - FIE %S : Kyomoto, Uemura, Wada Researcher

Al ZF\W = CFRP O7 L A& HDRE(L

Optimization of press forming conditions of CFRP using Al
B# - EH #% 8 : Shirai, Ueda Researcher

X #& CT ZF\\/= CFRP OIFMIBRE
Nondestructive inspection of CFRP using X-ray CT
B3 %A : Shirai Researcher

RS @2 BURAICEYT 2R
Research on dry fiber impregnation measurement
#IL ZB#HU% : Urushiyama Visiting Professor, #i74~ #zfh : Matsumoto Engineer

ICC [2&11% HP-RTM MBS ICE (1 7-EX D #H
Approach to application development using high-pressure resin transfer molding process by the Innovative Composite Center
%4 A : Nunotani Researcher, # - £AM #%8 : Inui, Sakuma Engnieer

K - BERRICEIF=RB/NRILOMFE

Development of large panels for civil constructions
FE - @5 WRE : Nakajima, Takaiwa Researcher

FR(C K BRI TR
Molding processing technology using actual machine

& - EAM - 3E - 2500 - #A - #§AK  $26D © Inui, Sakuma, Hori, Noguchi, Matsumoto, Hashimoto Engineer

Ek 30 (2018) 4B B3R : Achievement in FY2018
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COl research topics for FY2018

COlI has been promoting research and development for six
years in collaboration with related research institutes and
companies, having Innovative composite center (ICC) as its
reference center. Three phase are involved in this period, with
FY2018 being the final year of the second phase. Given that
ICC has developed various elemental technologies in the first
and second phase, we will introduce a summary of the overall
development topics as well as a few points of this year’s
development that should be highlighted.

First, based on the development of thermoplastic CFRP,
innovative elemental technologies have been integrated into
the fields of "impregnation molding technology, press molding
technology, and secondary processing technology" related to
raw material development and manufacturing/production. We
have also considered infrastructure items for development and
implementation. Elemental technology development is a task
for achieving a prescribed goal back casted based on the
assumed items.

We introduce the main topics of the above "common element
technology" promoting by ICC.

of Japanese companies and to accelerate social
implementation.

1.Impregnation molding technology mainly comprises double
belt press (DBP) technology that continuously molds the
intermediate material of carbon-fiber-reinforced thermoplastic
and preheats CF and resin film before DBP insertion installed
in 2017. The equipment and preheating device of the metal
circulating belt are activated. The aim is establishing
high-speed forming technology of a thick (6 mmt) plate
targeted by COIl after a simulation experiment with a
laboratory-scale testing device. (This high-speed technology is
the first of its kind ever developed).

2.Commercialization of FRP rod into aseismatic reinforcement
members was promoted. In FY2018, we aimed at obtaining
JIS and proceeded to draft a standard. Besides, we have been
working on a new manufacturing technology to reduce the
manufacturing cost of FRP rods, which are the substitutes for
reinforcing bars in concrete. The rod forming speed is 6 km
from the conventional 10-30 m/h. Ultra-high-speed molding
(about 20 times speedup) of at least / h was achieved. This
FRP rod has been implemented as a seismic reinforcement
member since last year. In particular, it has been adopted this
year for the seismic reinforcement of Tomioka Silk Mill, which
has become a World Heritage Site. Moreover, it recently
started to be applied for the fall prevention fence.

3.Bonding technology, which is an important issue in
secondary processing technology, began to be operative from
the second phase. In addition to joining thick members such
as drilling and melting with laser light, from FY2018, which is a
technique commonly used for thick iron sheet. We have
evaluated butt welding technology from the viewpoint of both
processes and joint strength, obtaining good results. These
are novel and innovative joining technologies that have never
been implemented before. Their prospects for practical use
are notable.

BIOT Wag, [Us1 - 01 STV YA0asaR)
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2018 Cellulose Nanofiber Performance Evaluation Work
Qutsource Project

(Proving, Evaluation, and Verification for Intreduction of CNF
Materials for Social Implementation-Automotive Field)

.88
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Figure1. CNF engine hood
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1. Aim of the project

In the automotive industry, applications (materials and parts)
were proposed for utilizing the properties of cellulose
nanofiber (CNF); hence, a thorough evaluation was
conducted of the entire process from the use of resin
composites with CNF to the final automotive product stage.
The aim was to reduce carbon dioxide emissions by
improving energy efficiency by reducing the weights of parts
and products.,

2. Development and evaluation of large parts made with CNF
Since last year, | have been in charge of development and
evaluation of large parts made with CNF such as outer
panels of engine hood of Toyota 86 using resin transfer
molding (RTM) (Toyota Customizing & Development and
Kanazawa Institute of Technology). In the initial stage of
molding, the impregnation of epoxy resin was a challenge;
hence, to improve the resin impregnation property, the base
material and foam material were processed. An engine hood
prototype of Toyota 86 (Figure 1: Eco product exhibition) was
made using the RTM method in which CNF sheets were
impregnated with epoxy resin. An approximate 40% reduction
in weight % was achieved in comparison with the weight of
conventional products. Furthermore, the rigidity of this
composite was 1.7 times higher than that of aluminum parts.
We aim to achieve further reduction in weight.

This NCV project was by Ministry of the Environment
Government of Japan.

We thank everyone who participated in this consortium.
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COl business COI young research collaboration fund

*Study on an innovative wall module design method using CFRP Hisai el

pellets in large-scale 3D printing"
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Figure1. CFRP pellet Figure2. Gyroid structure wall model
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The project was adopted by the COIl Young Researcher
Collaboration Fund in 2018. To accelerate research and
development performed by JST toward social implementation,
this fund aimed to stimulate collaborative research across
visions or bases among young researchers. As a support system
there are the names of the three universities, it was implemented
within the COIl program (JST webpage excerpt). We collaborated
with the Keio University COl Center (hereinafter referred to as
Keio University), and the collaboration was titled as “Study on an
innovative wall module design method using CFRP pellets in
large-scale 3D printing,” Keio University, Kanazawa University.
Young researchers at each of the three universities including
Kanazawa Institute of Technology acted as task representatives.
A total of ¥13,520,000 was provided as funds for research and
development (including overhead costs). The purpose of this
research was to use the CFRP pellet of cellulose base material,
which was being researched upon by Kanazawa Institute of
Technology and Kanazawa University, in a large-scale 3D
printer developed at Keio University for architectural applications
as well as to construct a complex and heterogeneous internal
structure, design an innovative building wall module, verify its
basic performance, and develop new materials for use in 3D
printing.

Primarily, Kanazawa University and Kanazawa Institute of
Technology melt-kneaded carbon fiber (CF) into CFRP pellets
(Figure 1) via the melt-kneading method and prepared a test
body with a complex shape (gyroid structure) by employing 3D
printing technology of Keio University (Figure 2). Kanazawa
Institute of Technology evaluated and provided feedback on
each of the physical properties. Specifically, Kanazawa
University measured the molecular weight and fluidity of CFRP
pellets at varied GF amounts, and Keio University examined the
optimum forming conditions in 3D printing for each pellet.
Kanazawa Institute of Technology was in charge of measuring
mechanical properties, impact properties, and rheological
properties, While conducting research, the greatest challenges
were the high molecular weight of commercially available
cellulose and its heat resistance.

Because of a high molecular weight and melt viscosity, the
discharge was not stable at the time of 3D printing;
consequently, the molding became difficult. It was found that
thermal degradation and thermal decomposition of cellulose
occurred when the forming temperature was increased for
lowering the viscosity. Our investigation revealed that in addition
to improving the mechanical strength and thermal stability,
addition of a heat stabilizer to cellulose resin as the base
material helped reduce the odor peculiar to cellulose resin.
Although the widening of the forming temperature range enabled
forming with low viscosity during 3D printing and improved
formability, it did not accomplish stable forming of a complex
shape such as the gyroid structure. Although the collaborative
research system has ended currently, in the future, we plan to
improve the resin and provide advice to realize a highly
functional building module based on the findings from this
research.

SHOT W7 03~ 1 SAED YAzt
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Thermoplastic epoxy resin with high glass transition
temperature made from solid precursors
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Table 1. Preparation ratio of compatibilizer

Addition rate (wt%)

PP (;i:;;:o) (PI::: 12230) ik
Entry1 100
Entry2 | 100 5
Entry3 100 10
Entry4 100 5
Entry5 100 10
Entry6 | 100 5
Entry7 | 100 10
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Figure 1. Interfacial shear strength in Figure 2. Supprecssion of strchgth dctcrioration of
PP/CF/iPP-PAA composites by beam onthe p or ab of el beam irradi

fragmentation test
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We have been working on novel thermoplastic composites at
ICC, with a focus on utilizing thermoplastic epoxy resins that
exhibit excellent toughness and adhesion properties after
polymerization. This investigation is part of our research
toward highly impregnated thermoplastic composites with
matrix material of in situ-polymerizing thermoplastic resins.
Recently, we developed a new type of thermoplastic epoxy
resin with a higher glass transition temperature (Tg) than the
standard type.The standard thermoplastic epoxy consists of
only the bisphenol A structure and has a Tg at approximately
100 °C.

Therefore, this material can be used in only a few industrial
applications, except civil engineering uses. Our previous
study showed that Tg can be raised easily only by introducing
a rigid and bulky substituent into the linking groups of the
aromatic rings of bisphenols. However, this method yields a
relatively brittle final product; thus, researchers are seeking
strategies for increasing Tg while maintaining high toughness
of the material. Thermoplastic epoxies with
higher-than-normal Tg could be made from a wide variety of
raw materials with high melting points. These materials are
not usually used, however, because they are relatively
difficult to mold using simple injection processes, so
twin-screw extruders would be used at FRP molding sites. In
such scenes, if liquid component is included in the raw
materials, melt integration of the resin at the supply port of
the twin-screw extruder will cause blockages and prevent
smooth feeding. A thermoplastic epoxy made from only solid
raw materials could avoid this problem altogether.
Addressing these concerns, we finally developed a novel
thermoplastic epoxy that is very tough and has a Tg of 135
°C, as measured by differential scanning calorimetry (DSC).
The material has these properties because of its subtle
branch structure and the addition of rigid monomers.

120
110
100 L

90

Change ratio of Elastic modulus/%

80

*Calculated by converting the elastic modulus and tensile
strength of a sample molded in the first irradiation to 100%

Figure 3. Changes in elastic modulus at reshaping depending
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Development of new compatibilizer (iPP-PAA)
in PP composite

PPRTZAA/I—DTAYIIFyvoRITIAELY—RIT Y
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PP-based ionomer isotactic polypropylene=-polyacrylic acid
triblock copolymer (isotactic polypropylene polyacrylic acid:
iPP-PAA) iPP-PAA is a triblock copolymer in which a reactive
polar polymer is fixed at both ends of PP. The reactive polar
polymer at both ends intercalates in the PP crystal structure
and adheres as a surface. Thus, cohesive failure occurs,
thereby leading to improvements in physical properties.

1.Interfacial shear strength and acid block chain of novel
compatibilizer (iPP-PAA)

The effect of molecular weight of acid block chain polyacrylic
acid (PAA) on interfacial adhesion was examined. The
iPP-PAA triblock copolymer was a copolymer in which iPP
(molecular weight: 23000) was used for the center block
chain and PAA (molecular weight: 2300 or 12900) was
introduced at both ends. Maleic acid modified PP (MAPP) is
a common compatibilizer and is used as a comparison of
iPP-PAA. Table1 shows the preparation ratio of the
compatibilizer. The interfacial adhesion between resin and
fiber was evaluated via a fragmentation test (Figure 1).
Entries 2 and 4 with 5 wt% iPP-PAA indicated an
improvement of approximately 2.4 times or more in terms of
interfacial shear strength when compared to entry 1 without
the compatibilizer. Specifically, entry 4 with a high molecular
weight of PAA exhibited better adhesion when compared to
that of MAPP,

2.Improvement in material recyclability of CF / PP composite
by irradiation

In the study, compatibilizers including MAPP and iPP-PAA
improve the mechanical strength of PP / CF composites
although they do not prevent strength deterioration due to
thermal melting of re=-forming. In the present study, we
propose a method to suppress degradation at the time of
heat melting.(Figure 2)

When added with compatibilizer iPP-PAA or MAPP, electron
beam irradiation improved the elastic modulus (MAPP: 107%
iPP-PAA: 112%) in both cases, and the decrease in the
elastic modulus due to re-forming was suppressed We were
able to (Figure 3). Specifically, in the case of iPP-PAA,
despite performing repeated molding thrice, elastic modulus
was maintained at 107% and tensile strength was maintained
at 95%. The PP / CF composite material treated via the
proposed method retained high mechanical strength after
re-forming, and thus material life was significantly improved.
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Continuous process for impregnating a carbon fiber
with thermoplastic resin using double belt press

F7ILNILN T LA (DBP) % BN T, R SRARAME (23 7T 28 M4 A
AERIUERE TEIRMIEACFRTPIR % 4 E i 4540 8
TOCARELEEDHTWS (B1) LEMELH LS EIHREHR
ARORGHICEELAVWEENRAREAVERFRI/OE
ARAERRE. BEO—>—RDBPTOERAHZALDOEHIC
BT HMRRRERRD,

CEKTRIOCAHEHE
ARECBEWTEEIC2DDORENH 5,
MEOEMAFEHOBMERIKFEDRRTH D,20174(C

BELIMBARE TIE. BEOMMA R LHEMAA R

Moo —ADBP7OCRIEE RMEIHISHE D ZEALEELL,

2018 E (L, MMM ICKEE T ITEA M ICH +10°CLLADM

RO BELRRMAREEREL(K2),
REQILERCICHERWMAIREBRICTIZETHD. R

BRICEANDDELREFRLLL.REOICHNTIRREEDETE

BPREETON A TOBEEER LT,

BHEEBEFRCRIERE CTERMBALLEADFETAT 7

1ILTH 5,

@E&FR 7O ADEHN
BEO—5—%BAW7LAARIE ETNLNORE 4§49

HUBFEARTHD ., HEHES X TIERTHR SV R

ICEXGH RS REME (22) FBHEEE 5. 2018FF (S

ERANZZALEHEATREERNBRIEPLPAM-RTM™ 2L

-A—5—&RETILEER U (H4),

Q O
J
s >

Figure 1. High speed process model
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The authors are developing a continuous process capable of
impregnating a carbon fiber with thermoplastic resin by
employing a double belt press (DBP) for producing
high-quality, low=cost, and thick CFRTP sheets. Herein, the
results of a continuous pre-heating process, which is
independent of the thermal conductivity in the direction of
material thickness for improving the production efficiency, are
described. Furthermore, the impregnation mechanism
incorporating a fixed roller system is also analyzed.
1.Continuous pre=heating process

There are two primary tasks associated with this process:
“Task 1" includes addressing the heating behavior dependent
on fiber orientation. The heating system developed in the year
2017 cannot heat up a material uniformly, except in the
specified orientation. However, the DBP process needs to be
applied to a variety of materials. Hence, the authors
developed a novel modified heating system that does not
depend on fiber orientation, and less than +10 °C temperature
distribution was achieved, as depicted in Figure 1.

“Task 2" includes examining the required continuous process
and mechanical specification. The required specification was
designed, and a prototype was established on the basis of
“Task 1” results, The continuous heating temperature profile
generated by a trial machine is illustrated in Figure 2.
2.Analysis of impregnation mechanism

A fixed roller press aids in position control and sets the gap
between two steel belts, and it is applied to materials that
cannot be molded by the pressure control method. However,
such a pressure (impregnation) behavior is generally
complex. Impregnation behavior was experimentally
examined, and an impregnation model was developed by
employing the PAM-RTM™ software tool for analyzing the
impregnation system mechanism, as shown in Figure 3.

BGRN
resin
fiber &me — |ow

belt

resin  fiber

Figure 3. Pressure analysis under roller
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Pultrusion of FRP strand rod material
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Molding speed : 0.8 m/min
\' Length of mold: 0.5m  Polymerization time :
1 min or more

v mold
Resin bath

In-situ polymerization resin (Conventional process)

Roving heater

Molding speed :
1m/sec (target)
<SSNNNNRNY]
7 Water bath  Impregnation head ~ Extruder

Thermoplastic (New process)

Figure 1, Pultruding model
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In order to produce FRP reinforcement bars for concrete by
pultrusion, which will be used as substitutes for rebar, we aim
to achieve high-speed molding of FRP rod material that does
not corrode with a long service life, is light weight and
inexpensive, and introduce a pultrusion apparatus (made by
Kobe Steel). We promote the formation of FRP strand rod
materials, Figure 1 shows the conventional pultrusion
process using a thermosetting resin and an in=situ
polymerization resin, and the proposed pultrusion model
using a thermoplastic resin, In the prior art, a monomer is
used as the main agent and considerable amount of time is
required for the curing reaction and polymerization reaction;
hence, the molding speed is determined by the reaction
speed of the resin and the size of the mold, and the molding
speed ranges from 3 m/h to 48 m/h,

On the other hand, our method does not involve a reaction
because it uses a melt impregnation method in which resin
pellets are melted in an extruder and the resin is continuously
impregnated into roving fibers. Moreover, by pulling out the
roving fibers while applying a twist, it is possible to suppress
fuzzing of the fibers and obtain high convergence. Therefore,
high-speed molding is possible, and the targeted molding
speed is 1 m/s (3600 m/h), The material is polypropylene
(PP), which is inexpensive and has excellent alkali resistance
as a base material, and alkali resistant glass fiber (Glass
Fiber: GF) and basalt fiber (Basalt Fiber: BF) are used as the
fibers.

In FY 2018, we acquired basic data such as the rheological
properties of PP alone and made prototypes with GF / PP
and BF / PP with a rod diameter of 4 mm and a low Vf of 25%
in fiber volume content (Vf). Thus, the relationship between
formability and drawing speed and the relationship between
formability and twist angle were clarified. It has a fiber layer
with a two-layer structure at the center and a resin layer at
the outside, and many voids exist in the resin layer. It was
found that the faster the drawing speed, the better the fiber
convergence; however, the occurrence of thread breakage
was also observed, The mechanism of void generation is
clarified, and based on it, device improvement and material
modification are performed to reduce voids and increase Vf.
We also investigated the thickening of FRP strand rods, With
the cooperation of Komatsu Matere Co., Ltd., we performed
warping by strand processing. (Figure 2)

Figure 2. FRP strand rod material and concrete reinforcement model
made thick by twisting
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CFRTP bonding process technology
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Figure 1, Method of interfacial heating of overlay bonding

Figure 2. Butt bonding of CFRTP by laser irradiation
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Laser welding process for CFRTP bonding

As an innovative laser continuous welding system for CFRTP
molding, we developed an overlapping bonding technology
for thick plates via a two-steps process (Figure 1). The
method heats and welds the bonding interface by forming
through holes in the upper material and directly laser
irradiating the lower material through the through holes.
However, in the case of general Gaussian mode laser, the
resin in the vicinity is excessively heated at the time of
formation of the through holes, and high bonding strength
cannot be obtained. Therefore, the heat distribution at the
bonding interface was improved by converting the laser beam
mode to the top hat mode. Since there is no energy
concentration at the center of the beam, laser can be
irradiated at a higher peak power than in the Gaussian mode,
and it becomes possible to supply the energy necessary to
melt the resin in a short time. As a result, it is possible to
irradiate a laser with high peak power as compared to the
Gaussian mode and this enables one to supply the energy
necessary for welding of the resin over a short time. The
processing time was 30 s (33% shorter) and a tensile shear
strength of 22 MPa (an approximately 40% improvement)
was obtained at a thickness of 5 mm,

Also, we confirmed that butt bonding is possible at thickness
of 2mm CFRTP by laser irradiating the butt joint and heating
the bonding interface by heat transfer (Figure 2). Similarly, it
was possible to bonding a thickness of 5mm CFRTP with
high bonding strength (the tensile strength was 40 MPa) by
laser irradiation from both sides.

Research on plasma bonding technology

In this bonding technology, CFRPs can be bonded directly to
each other without melting the materials and without using an
adhesive, by chemically reacting a hydroxy group and a
carboxy group generated on the surface by plasma irradiation
(Figure 3, left). In our previous study, it became possible to
obtain strength comparable to welding in bonding CFRPs, In
addition, we have worked on prolonging the plasma
irradiation effect, which is an important problem of plasma
surface modification technology. As a result, with optimizing
the irradiation conditions, we could obtain strong bonding
even of CFRP that has passed for 2 months after plasma
irradiation (Figure 3, right).
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Heating and pressure
-OH(s)+-COOH(s)—-COO0-(s)+H20(g)

Figure 3. Bonding mechanism and prolonging of plasma effect
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Jointing process research by ultrasonic welding

In CFRTP lap shear joints by ultrasonic welding, generally the
joint strength increases with the pressure applied to the joint
surface by the vibrating horn. However, the temperature rising
speed of the jointing interface is too fast, and it is difficult to
control the process by the vibration time. In addition, even
under the same process conditions, the generation of
frictional heat is largely different due to the influence of the
surface roughness and the flatness of the bonding surface, so
that the variation among the specimens is large.

So, by evaluating the relationship between pressure and
vibration time, interface melting state and welding strength,
and controlling the pressure between melting process and
cooling process separately, it was possible to achieve both
high welding strength and reduced variation.

Figure 4 shows the temperature change of the bonding
interface during the welding process. It can be seen that, at
high pressure, the temperature rising rate at five points in the
jointing interface is largely different, and there are places
where the resin deterioration temperature is exceeded. As
the pressure decreases, uniform heating and melting can be
seen throughout the jointing interface, but the welding
strength is significantly reduced (Figure 5).

And so, by applying a high pressing force in the cooling
process after the melting process, a more stable high welding
strength could be obtained (Figure 6).
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Figure 4. Influence of pressure suppression on interface temperature
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Figure 5. Influence of pressure on welding strength
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Figure 6. Influence of pressure
on welding strength during cooling process
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Optimization of press forming conditions of CFRP using Al
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Figure 1, Schematic of NN designed in this study
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We studied the applicability of data science technology to the
optimization method of CFRP press-forming conditions. In
the conventional method, trial production and evaluation were
repeated to optimize manufacturing conditions. However, the
characteristics of the molded product can change under
certain manufacturing conditions, which can cause problems.
The research method involved the building of artificial
intelligence from the installed sensor, using press-mold
information at the time of molding. It aims to perform
manufacturing condition control and quality estimation during
the molding process. We examine the applicability of neural
networks (hereinafter referred to as NN), a machine learning
method, to the method of analyzing data from the installed
sensors in a press mold. NN is a learning and decision model
that simulates human cranial nerves, and is a method of
constructing artificial intelligence that makes decisions on
new data by optimizing weighting coefficients using learning
data. Figure 1 shows the NN schematic designed in this
study. The items used for learning included the CFRTP
preheating temperature of the press-forming conditions,
press load, mold temperature, and bending test strength to
verify the molded product quality determination. As a result,
we were able to achieve good learning and judgment for
almost all items, It was determined that mold sensor data are
effective for constructing artificial intelligence by determining
the press-molding conditions and the mechanical properties
of the molded articles, using advanced analysis technology.
The optimization of press-molding conditions was analyzed
for the relationship between the crystallinity of the
thermoplastic resin and the mechanical properties of the
press-molded article. Resin is crystallized in the cooling
process at the time of press molding; the degree of
crystallization depends on the cooling rate, cooling time, and
molding conditions such as annealing, affecting its
mechanical and thermal characteristics. In this study, the
relationship between the crystallinity degree of CF/PAS,
manufactured by changing the cooling rate at the time of
stamping press molding and the bending property, was
evaluated. Figure 2 shows the results of the degree of
crystallization, flexural strength, and modulus of elasticity of
the press molded sample. It was found that CF/PA6, molded
at a low cooling rate, had a high degree of crystallinity and
improved mechanical properties.
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Nondestructive inspection of CFRP using X-ray CT
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Figure 1. Image of the result of fiber orientation analysis
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This study analyzes press-formed products of a random
sheet. In random sheet press molding, resin and carbon
fibers flow into a press mold and are processed into the
desired part shape; the carbon fiber orientation and material
state changes before press molding, and the molded part
changes in shape due to mechanical property changes. In
order to confirm the tendency of this change, a molding
experiment was performed with a range of 8 MPa to 24 MPa
as a press molding load by stamping using a flat mold. After
press molding, the molded articles were subjected to X-ray
CT imaging and a tensile test. Fig. 1 shows the result of a
fiber orientation analysis, Fig. 2 shows the result of a fiber
orientation angle histogram in the out-of-plane direction, and
Fig. 3 shows the result of tensile strength against each press
load. The fiber orientation results of Fig. 1 indicates the
orientation angle (8) in the out-of-plane direction (z-axis) in
the color map; red indicates the in-plane orientation angle of
90 degrees. The fiber orientation distribution results in the
out-of=plane direction in Fig. 2, which shows that the angular
distribution in the out-of-plane direction increases as the
press load increases. This result is a good representation of
the tendency of press load and fiber orientation to change.
The tensile strength results in Fig. 3, which shows that the
larger the fiber distribution in Fig. 2, the smaller the value of
tensile strength. For both results, there is a relationship
between the change in fiber orientation distribution in the
random sheet and tensile strength. It was found that fiber
orientation greatly affects the quality of molded articles.
Because the analysis technology of fiber orientation in this
research is essential for the design of CFRP molded products
and the verification of manufacturing conditions and
mechanical properties, we will promote the development of
advanced structural analysis technology using structural
analysis simulation.
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Figure 3. Result of tensile strength against each press load
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Research on dry fiber impregnation measurement
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Figure 1. EASYPERM Figure 2. Pressurized injection machine
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As the application of fiber-reinforced resin (FRP) has
expanded, many molding techniques have been
commercialized. FRP has a considerable influence on the
mechanical properties of the molding process, and resin flow
process is one of the factors. In particular, vacuum-assisted
resin transfer molding (RTM), high-pressure RTM, gap RTM,
liquid molding, and spray-up molding, in which a dry-fiber
base material is preformed and then impregnated with resin,
are required for comprehensive design techniques at the
initial design stage.

The comprehensive design issues are molding, considering
strength, and, cupping effects of mechanical performance
and manufacturing process. Moreover, the importance of
accumulating knowledge is recognized for a technology to
consider these effects. This study aims to obtain
comprehensive information on impregnation, without actually
forming, by performing and analyzing permeability
measurements. As a results of the textile measurements,
Darcy’s Law was extended. Purpose of this trial is expressing
for dynamic pressure dependency of the permeability. This
measurements were conducted with four types of fiber base
material, including carbon fiber and glass fiber. In the
experiment, measurements were carried out in the pressure
range of 0.01 to 10 MPa, concentrically spread or parallel
flow for horizontal plane flows , and also the vertical ones
were applied. EASYPERM (Figure.1) and the special
machine which is designed by ICC (Figure.2) was used for
this measurements.  Figure.3 shows qualitative data which
were results of pressure dependency permeability for fiber
textiles.

FRP is composed of multiscale technology, and if mold
design define as macro, various lamination design are
applicable in meso , and effort of improvement the
impregnation performance at the filament is micro. In
addition, there are many requirements for its maturity as
industrial products, such as the directionality of expanding
the range by flow velocity and pressure as well as the
methodology for determining and controlling the
manufacturing influence of strength and rigidity at the time of
design. Further research on this will be conducted in the
future.

Figure 3.Dynamic pressure changes due to the influence of the fiber substrate
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Figure 1.The HP-RTM system

Figure 2,The compar
pressure between HP

High=pressure resin transfer molding (HP-RTM) and its
advanced processes are mainly being applied to composite
molding of automobile parts in the European Union. For the
next several years, it is expected that HP-RTM-based
molding techniques will be applied to the production of
mass-produced composite parts, which are considered to
constitute a large category of composites. However, the
HP-RTM system has not been used in public research
institutes and universities in Japan, Therefore, the Innovative
Composites Center (ICC) installed an HP-RTM molding
system (KraussMaffei, 6000 kN, W 3000 x D 2000 mm)
multiaxis robot for wet molding, a resin flow simulation
system (ESI PAM-RTM), and a permeability measurement
device (EASYPERM) in 2016. A practical R&D environment
for the HP-RTM process was established. The ICC is
promoting the application of HP-RTM through workshops and
seminars and by conducting joint research with companies in
Japan using these environments, The ICC aims to construct
a network of various manufacturers of molds, matrix resins,
reinforcement fabrics/fibers, and molders for HP-RTM. Now,
the ICC is achieving this goal.

HP-RTM is a consecutive process of flowing a liquid
thermoset resin into a fiber base preform followed by
impregnation, consolidation, and curing in molds. Therefore,
it is important to clarify the resin flow phenomenon in the
preform. Research has been conducted by the ICC to
elucidate the mechanisms of resin flow/impregnation in
reinforcement fabrics/fibers by approaches such as

1) flow analysis by flow=front detection in actual molding
using a mold mounted with a pressure sensor,

2) flow analysis using computer simulation, and

3) permeability measurement of reinforcement fabrics/fibers.
Furthermore, through collaboration with companies, the ICC
intends to promote both application development using
HP=RTM and new process development in technological
fields in which Japan specializes.
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Development of large panels for civil constructions
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Continuous molding process of large sandwich panels
Materials selection and concept for continuous forming of
sandwich panels were studied for low-cost manufacturing of
structures used in —a) civil engineering and constructions
such as floor slabs for footbridges and wall and floor panels
and b) sizeable hard wing sail panels of wind propulsion
vessels, etc, Further, we plan to achieve a forming speed of
30 m/h for 1 m wide and 20 m long sandwich panels in the
future. The goal is to reduce the cost by 30% and increase
productivity to 20 times or more as compared to batch
manufacturing.

Materials selection

In our study, a) the fiber substrate is glass fiber non=-crimp
fabric (NCF), b) the matrix resin is a thermoplastic epoxy
resin developed by using in situ polymerization, which has
low viscosity when impregnated with resin, and c) the core
material is a polylactic acid foam.

+Concept of continuous forming technology

We studied the concept and issues with the forming process
and equipment used for the continuous forming of sandwich
panels. Fig. 1 shows the outline of the concept of continuous
forming equipment. The resin impregnating equipment does
not dip the glass fiber substrate (NCF) into a resin bath, but it
continuously impregnates a resin into the NCF material in the
shape of a line by utilizing the low viscosity characteristics of
the resin. The continuous forming equipment of the sandwich
panel is a double belt system having —a) a heating
mechanism for polymerizing the resin, b) a cooling
mechanism for the shape retention, and c) a pressure control
mechanism.

In the COI project, we plan to accelerate the development of
equipment that uses high glass transition temperature (Tg)
thermoplastic epoxy resin while considering the heat
resistance temperatures of the structural materials for the
target floor slabs (for example, for footbridges).

Concept of sandwich panel continuous forming device using double belt system |

Resin impregnated
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Figure 1. Concept of continuous forming of sandwich panel

I
1
|
T
i
1
1
|
1
1
1
|
1
'
1
1
.

28

Roller
(Pressure control)

BESBAOIVRY Y MEM

HEOHFABET . BETLEMRULZLBNEEAVIRE
LT ERDSAVRIS Y hERB U TELEE AR H 5. LD LR
ROBEHFNOIAVRS Y NERIEHATICHRTGENTWS, £
DERD—DICT XML H DD BERAIVRY Y NEH
D KRR EFRICHT I2HRIRROBETH S,

ICCTI.BEREHDOMAMEREEZBRTIEEMIAVRI Y b
HOWR-BAFKICRDBATED  REE L, T AEECET 55
MAES LU XEEEFHT 200K AR EZDOEE (T
H)&2RELT. ZDRER SOBEDN—F—RBEN S 1KEEZ B
ZBKKEMALRRET. ZOERFE FHEHEEEZRTH
BIEERBLUL GO TERESFICHITHM AL REH
#(Scale) » EEBICAIE L, SERE (Heating temp.) (XEEH
ICE-STWA . £ . HBRREICODWIEHBNRRKHE LS
MHGEXICR DM AMEDRE LN EGERICKDTAIERED M
SEREETCHAZENAEICKNBELhER > ZNOEBEZ
TOERMEESGILUIZFRPY Y RSy F/ARILOTE - BIFE I
NHEA TS,

Composite adaptation by building sector

The architectural field has a long history of composite
adaptation, Since ancient times, large-scale structures have
been constructed, e.g., temples having earth=painted walls in
Japan. However, in the field of modern architectures (mainly
plastic based architectures), the composite adaptation is
lagging as compared to the other fields. Although many
factors contribute to that, fire resistance is a noteworthy one.
In that context, researchers at Innovative Composite Center
(ICC) are currently developing fiber reinforced plastics
(FRP)-based sandwich panels that meet the domestic
standards for the fire resistance. In the construction field, the
sizes of the targeted structures and the ranges of heating
temperature are large. Therefore, stringent criteria have been
specified for flame shielding and heat shielding. In addition, it
is clear from the investigation that owing to long test time, it is
crucial to use the heat shielding for fire resistance.
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Molding processing technology using actual machine
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Figure 1.Cutting of CFRP using water jet cutting machine
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Operations conducted by researchers using molding and
laboratory equipment are supported by ICC engineers, who
have great expertise in molding machine operation. These
engineers receive a commission to reduce the burden on
researchers,

Different molding and processing machines
ICC engineers, using various technologies corresponding to
different molding methods, are working on the optimization of
molding by taking advantage of the respective features of the
different molding processes. Each molding technology is
introduced below.

VaRTM : The substrate is set and depressurized with a
vacuum bag. In that state, the resin is poured to impregnate
the substrate. Furthermore, the injection amount of the resin
can be controlled via the pressurization and depressurization
of the injection resin. There is a technique that corresponds
to the resin filling and reduction of the pressure in the bag.

HP-RTM : For a high-pressure press (6 to 600 ton), injected
at high temperature (100 °C) into a mold at a resin
temperature of 80 °C and high pressure (collision pressure:
13 MPa), curing is possible in approximately 5 min. Molding
is completed within 10 min of the cycle time. The inside of the
mold is decompressed until the base material is injected with
epoxy resin and urethane resin, In addition, it is possible to
form a slight gap (approximately 0.5 mm) at the beginning of
the molding and inject a resin. We are also working on
complex single-plate and sandwich-shaped molds.

Water jet cutting machine
FRP products, such as metal, wood, rubber, and plastic
plates, are automatically cut, using 2D CAD data. The size is
1000 mm (horizontal) x 700 mm (long), and, in the case of
CFRTP, it can be processed to a thickness of 50 mm, It is
more accurate and easier to perform than diamond-cutter
processing.
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Figure 2. Ishikawa prefecture next-generation industry
upbringing lecture/ New technology seminar
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Follow-up on research by ICC engineers

Utilizing the experience gained so far, we support research
by consulting and cooperating with researchers and
collaborators of companies. In molding machines, such as
HP=-RTM, lathes, milling machines, and water jets,
improvements in terms of work efficiency and the molding
process are carried out, The processing of the test piece from
molded parts as well as some auxiliary work for material
testing is performed. As a result, COI assists in improving
molding quality and mechanical properties, and the molding
of Figure 1 was obtained.

NCV Project
As a project of the Ministry of the Environment, NCV
performed sample molding with a C-RTM flat plate mold.
Moreover, it is possible to form an automotive bonnet, which
is a large-sized member, and the possibility of further
formation can be expected.

ICC workshop
+ Ishikawa prefecture next-generation industry upbringing
lecture/ New technology seminar
A VaRTM training session was conducted as an ICC on-site
training session. The participants were asked to observe
whether the impregnation speed of resin changes with the
presence or absence of media such as CF and GF, (In
charge: Uzawa, Nunotani, Sakuma, Inui, Matsumoto)
+ SAMPE Japan Student Composite Material Forming
Seminar
The goal was to learn how to handle and form materials
needed to make CFRP structures for university students and
graduate students. In this seminar, the practice of forming
flat-plate molds was conducted by hand lay-up and VaRTM,
(In charge: Kanesaki, Inui, Sakuma)
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X, W5 #B. Nov. 8, 2018.

WA BE.TPam-Formic B2/ \L—Yav AL RAEAWERERL T HEICEZZ5E ). PUCA 2018 -ESI Users’
Forum Japan. &)L R HHEX, "R#B.Nov. 16, 2018.

BE RS BE. &R EATRERSA 774/ —RIEHT —MBBLAN )V ORREEESHEZEEL T AR
RERTE RRE - FREM LIS — RRTHRAZ SHESHMRMRRRE L2 — AlH. AR Nov. 28, 2018.

A R HERCBHAEEMEOREAEDRESR BAREMBLIF— BAKZE £ELZE 2EET v\ EBE
i, FEIR. Dec. 14, 2018.

e BE. [FRPOBEMAHGLBNOMRMAEB G ) IRTEZERLOIUREMRRE Tl 3 0FEEHEDIC
DEHRREIS— (83 E8) ) RRBRREEFESME, LR A/IR Jan, 31.2019.

B BEAFRPRE RO BREZMOMREREEFOBN". k3 0FEHEO IVEMBRFRLIF—(E3E) .
SRTREFBESME. 2R AL, Jan. 31.2019.

BERFIETSAFvIOR( - BEERMIC LD EFNEREMBORI T O AL DRACDOMYEHL" HtREEEH
AE2019. HRE Y J 4 b LR, RREE. Feb. 1,2019.

HA BEBSHEAHMATRHR V2 -AREOBESFLEMEHFOBN AV RIV T FAICEWETI 2V —IbD
ERA)VECIKEBESHHARS. @REB KT IV &RE. AR Mar. 1, 2019.

B BAEHEEGHHARBRELY 2 -—FRAOBESFLREH OB (T L AMA LIFBIRRE)", 1E <Y ARESH
RERD.SREMAKT IV ERE AR Mar. 1,2019.

ARsER(#)

Masayuki Nakada, Yoko Morisawa, Yasushi Miyano and Kiyoshi Uzawa, “Prediction of Statistical Life Time for
Unidirectional Carbon Fiber Reinforced Thermoplastics Under Creep Loading”, 18th European Conference on Composite
Materials, Athens, Greece, Jun, 27, 2018,

Osuke Ishida, Junichi Kitada, Katsuhiko Nunotani and Kiyoshi Uzawa, “IMPREGNATION BEHAVIOR OF CARBON FIBER
FABRIC UNDERNEATH THE ROLLERS IN DOUBLE BELT PRESS", 18th European Conference on Composite Materials,
Athens, Greece, Jun, 26, 2018,

LA AR ER K LT B8RS B2 B8 BR B8 R VD -IABEET N VAICAVEERRICE I 2RAZMIE

NDRFFEDFMBDRBTERDFRRI V-V T ZAN) —AREV VY RI VL BB T AF v ) A7 IV LERRE
FRHNEE SREXR WA AZRERERZFRR A8 AHERS.ALET. SRR Jul, 27, 2018,

S Bz A2 TFOEE B8R RCORTLMEIEET M) v I AETBCFRTPOS|5RY ) — 7 HHOMEATE". BEERBR
FR1BFEFHIER . LHKF B+ /A BFH.LERIR Aug. 29, 2018.
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I

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

23.

EER AR L K ER KR CKBEIDTY T TICRKBCFRPAL Y bR AW ERNREET Y 21— ILORFHER" . C
OIEFEEMRI 7V FTLEY T —2aY RREY 74 FOIRE R Aug. 31,2018

A BEEN AR R A 817, CF/PPRESHE + BB LROBFREHICLZHFAMMEDOIE" B67RIZ S F5T
AR ACEE RS AEF v /AR ALRT . dL#5HE, Sep. 12, 2018.

HN AVEAR RBA BTCABRF IV ERVWERARUER TR/ (FTSAFvIORR". BOTEES FHRAE. It
HBEAT ARF v >/ NA AR JC#E, Sep. 12, 2018.

TFHER MA 817,58 BRI AAIABERD S //RA7A774RN—EBWETSAF v/ 8EHBOBEHRE{L" W67
ERSFHERE ACEEXE AURF v /NZ AR, dbi8E, Sep. 12, 2018.

REEN WA BT CE —E B8 BV REEHIRCTIAF v IO )T = AROBBLEORRE . BTER S
Frima. AciE AR AR+ v/ CA LR, db#il, Sep. 12, 2018.

T BEBE R FRTPT74+ -7 Y200 —Y3VIicAV2RHEAMSHOREF ZORE BBEREMBI Y RIY
L BLIERRES FE 75— 5L EWLH.EWLR Sep. 14, 2018.

LM EFER FA S8 BEAEE R 8% R SR BOBEENCF/PARUBIRICE B ERAIE CBIERSB OB AR
REICEAZEE" . BOEREEMEY Y RIVLBELERKES F 74— A BLUH.EWLR Sep. 14, 2018.

AT BARGHEK —2. B2 Bk RH BT SR A WA BT A2 BB S AAIABRRBIFERBV IV AAE
HEMOBIL RFER — /M4 —REORHENIV I EFRER—" BERBTXEE P R2018FEAFAAR. BEAY
BokF v NA fallm, BEIR, Sep. 12, 2018.

Hirofumi Nishida, Katsuhiko Nunotani, Kiyoshi Uzawa, “In Situ-polymerizing Thermoplastic Epoxy Resin Widely Applicable
to Various Molding Processes for Thermoplastic Composites”, ITHEC 2018, Messe Bremen, Germany, Oct. 30, 2018.

Manato KANESAKI, Shintaro TANIMOTO, Yusuke KAWAHARA, Taketoshi UEDA, Hiroshi SAITO, Kiyoshi Uzawa, Isao KIMPARA,
“Fundamental study on Repair of CFRTP Laminates from One Side Using Thermal Fusion Bonding”, 13th International
Symposium on Advanced Science and Technology in Experimental Mechanics, 85 Sky Tower Hotel, Taiwan, Oct. 31, 2018.

Taketoshi UEDA, Shingo Ol, Keita KUSABIRAKI, Manato KANESAKI, Hiroshi SAITO, Kiyoshi Uzawa, Isao KIMPARA,
“Mechanism of Repairing of Delamination via Thermal Fusion Bonding in CF/PA6 Laminates”, 13th International
Symposium on Advanced Science and Technology in Experimental Mechanics, 85 Sky Tower Hotel, Taiwan, Oct. 31, 2018.

AR AR G E B AR #217. EB AR BN fl RES B2 K ANEE RV IV TRIBNELNCFRTPESME O
HHASEICRIETHE " FAREE BMPRUFTHRERR BHAT XRF v /A MHH. BHR Nov. 1,2018.

WTF . LA AR MR B7.8F ROFHRBBLCAZMV LRI TOEL Y ERFBEOROESEOFE". F1028EE
BMHAE AEXE RIS+ + /R 27—X05 FRERK. "R Mar. 6, 2019,

B85 RL, LB AR BZE R ERRNRET =20V FIC LRI ERCFRP Y L AR &SRB ORBMRE(2)". £10E
BXEAMELE. BEXE BT+ vV /R 247—A05, FREBRX. R, Mar. 7, 2019.

LA AR OHF BIE 62 R CBRIEECFRPRZ Y EV T TV ARBACE W DR EAEDN RRCELMIFIIEICRIETRE"
HEI0EAAEAMESHE. BEAKE BAS+ v\ X 2725, FHBX, R Mar. 7, 2019.

BH G AEA M— A8 BEBE R ATV LABKICS T 2N—5—ETORITBHEEORBHI/AH=X
LOBRE" " BI0EEAEEMESHE, OAKE BABFvV/\Z 27-225  FTRAX . KR Mar. 7, 2019,

Mk #1708 B FH BOLT B8 R COONF/CFENST )y FEEMBELEDFMMEOTE". B0 EFESHE
R BERZ BTEF v /X 247205, FREBX. KRR Mar. 8, 2019.

flE B S BE 8% REIFZAVMEAICSSDFRTPOBB AR S AR LR FROFHZEORI" . B10EA A
HEMERE. AAKE BAS+ v /R 27—-225  FHRARX. KA. Mar. 8, 2019.

HARP"SRIAKETSATEHSIERERVEERNEST —ERX" VWO DRE— Yy TRRBER21cITT TR
HAX., RR4B. Mar. 15, 2019

RRAY—FHK (W)

1.

Yoshiro Yasaka, Rina Hoshino, Osuke Ishida, Jyunichi Kitada, Kiyoshi Uzawa, Kenji Takahashi, “CFRP composites made
from thermoplastic resin derived from cellulose: Chemical design targeting enhanced fiber-resin adhesion”, 18th European
Conference on Composite Materials, Megaron Athens International Conference Center, Greece, Jun. 24-28, 2018.

Hirofumi Nishida, Katsuhiko Nunotani, Kiyoshi Uzawa, “In Situ=polymerizing Thermoplastic Epoxy Resin Which Enables

Molding Processes Corresponding to Various Forms of Thermoplastic Composites”, 18th European Conference on
Composite Materials, Megaron Athens International Conference Center, Greece, Jun, 26, 2018,
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BE BEGEE B AL NB. SN A HE R A BT RESEORBREICLDEZ VI T IVEERSTRORMRE"
BIEBRFERI V-V TIAN-RAREBYVRIVL-B2IBTSAF v VYAV IVEREARKMRFRE SRARRA.
WEAF AR RRFERZHRN KE AFBRFAEH.ZHR. Jul. 27, 2018.

FH XRORE AER. WA BT, 86 B (FIXAERDT /- RA/0774 -2 RELIBIERESHHOBBREL".
BIEBRFERI V-V TIAN-RAREBYVRIVL-B2IBTSAF v VYAV IVEREARKMRFRE SRARRA.
WEAF AR RRFERZHRN KE AFBRFAEH.ZHR. Jul. 27, 2018.

B ROERE KER MR B17.858 Bo wVO-AREEERVCRREVY FTSAFv/BEMHEORE  BTEES
FERIV=VTIAN—MRRXYVRIVL-BUNETSAFYIIG AV IVEERRRMARNRE SRAERR.RILKXP
AFRRANPHARR A8 AHBRE LEHERHR Il 27, 2018.

WA BEEN BER R A BITCF/PPRESHE HEBERI OB FRRFICEIZHFNMEDFM . W67RIBS 757
RRALEKRT AR+ v NZ AR, J6i#8E, Sep. 12, 2018.

RAHN B2 BN A HF AN 2R HEBEE B AR 817 LB AR AR R REREOMDEHCFRTPOMANEE
ICRIET & RAEMIY Y RI 718,75 FRT JVEHA RS 3 ER, Nov. 26, 2018.

Takayuki Tsukegi, Yuji Kageyama, Kiyoshi Uzawa, Tadashi Sakuma, Shiro Noguchi, Yuzo Okudaira, Yukihiro Suzuki,
Kiyonori Takeyasu, Ryohei Takayama and Toshio Kon, “Fabrication of engine hood with resin transfer molding (RTM)
of CNF composite material”, The 12th SPSJ International Polymer Conference, International Conference Center,
Naka-ku, Hiroshima, Dec. 5, 2018.

Ryui Umetani, Yasuyuki Okumura, Osamu Yoshimura, Kiyoshi Uzawa, Takayuki Tsukegi, “Evaluation of mechanical
properties of CF / PP composite material + crosslinking agent by electron beam irradiation”, The 12th SPSJ
International Polymer Conference, International Conference Center, Naka-ku, Hiroshima, Dec. 5, 2018.

HE XEEN B ALK XM BN E K B5."CF/PPEAMBICE T BHRIEB(LAIPP-PAADFMMHR". BELER
BIEFFER PEARE MEFr /A @FAH, ZEE Mar. 16, 2019,

BAEL. SN B ABRAR AKX —R2. K2 AR FREB. WA BT (A ABRBHFEBVFESLOEL:
ARATICYT 2R AR EELBIIEFFR BEAF MEF v\ MFH, Z/R Mar. 16, 2019.

LSl

1.

w

b $i—RA S AE BH. RS BE AT IV T LAREBES LUSEENSART LA EY 21—V 55576334795, 2018.5.11,
BRE

2N Rz MR JITEF REER R RERRAIC LY RERER(CAEOMIER L FF12018-066438

MR BT AR KRS H EB S SEAAEE R RERIL R T0EL Y EEMRORE S ER TR ToEL Y
HEHMH K5M2018-183161

BT RO E—RA BE ST BN LY - BEAERUL— T - BERE" F$§2019-36767
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