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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. Currently in its
fourth year, the ICC has established a research and
development program as an international innovation base. ICC
supports different industries and academic fields and solves
issues of research institutes and universities for interdisciplinary
studies in Japan and abroad. Through close cooperation “under
one roof,” researchers from other companies and universities
have participated. More than 3,000 researchers, both during
this year and the last, have used ICC in FY2017 and have
conducted active research and development activities.

In FY2017, the Center of Innovation (COIl) Science and
Technology-based Radical Innovation and Entrepreneurship
Program (STREAM) project has allowed us to achieve a
turning point in the middle of a nine-year period, which
culminated in FY2017. During a recent site visit, the Japan
Science and Technology Agency (JST) acknowledged that the
industry-university collaboration, including the mechanism of
enhancing technology with enterprise support, system has
been improved. Furthermore, an “under one roof” location was
constructed, and companies advising on research for the
purpose of social implementation have been expanded. After
the COI program implementation period, it was a challenge to
lead the ICC's independent operation by obtaining public funds
and receiving funds from companies through joint research with
companies, However, the aim has been ICC self-reliance.

Outreach activities, leading to the announcement of research
results and social implementation, have actively been promoted
both in Japan and abroad. Some of the ensuing products have
been commercialized, providing worldwide rewards of new
materials. Additionally, with new materials not on the market
some of the products are expected to be approved by the
Japanese Industrial Standard.

Additionally, with the adoption of the Regional Science and
Technology Demonstration Center Development Project in the
supplementary budget for FY2016, ICC aims to accelerate
research and development of innovative composite materials
for commercialization. A closed demonstration hub area
adjacent to the ICC was therefore established, aiming to
provide a seamless development environment from opened
stages to more closed (i.e., confidential) demonstration stages,
while synergistically creating a new exit strategy after FY2018.

I Fpi29(2017) EEDEEES  Operating Activities for FY2017
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1 Amendments to ICC management regulation

The ICC management regulation was established during
FY2015. It continues operating because of revisions to
regulations implemented last year.

2 Acceptance of researchers

Based on the KIT’ s fellowship regulations, ICC now
accepts researchers enrolled in companies that conduct
joint research. They are chosen by their resumes or
research experience by KIT' s personnel committee. 22
people were newly accepted during FY2017, totaling 69
researchers.

3 ICC users’ initial training and safety activities

As an original ICC act, the safety committee sets up an
annual safety activity plan and carries out a safety patrol,
both within and without ICC to pay adequate attention to
researchers’ and visitors’ physical safety. During this FY,
ICC undertook university audits and implemented chemical
substance risk assessments by revising the Occupational
Safety and Sanitation Law, enforced in June. Additionally,
it prepared activity bulletins board for the ICC Safety
Promotion Committee to promote visualization of safety
activities and educational activities.

4 Budget execution

The budget management system was officially introduced
last FY to ensure timely budget management for the COI
STREAM project. This FY, its processing speed was
improved, making it possible to respond from outside the
university via the internet.

5 Patents, etc.

Many research results have been provided this FY, and the
number of patent applications has more than doubled since
last year. Many are patents on biotechnology and resins.
Acceptance of global IP strategy producers by the National
Center for Industrial Property Information and Training
(INPIT) dispatch businesses of industrial property rights
information and training temporarily ended at the end of
September 2017.
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6 Public relations and outreach activities

For research and development of carbon fiber composite
materials, we actively conducted external dissemination
activities and information gathering activities both in Japan
and overseas. The ICC-COIl booth was exhibited at the
International Plastics Fair JAPAN 2017 and SAMPE Japan
Exhibition 2017. COIl deliverables were received at the
JEC Innovation Awards of the “Building and Infrastructure
Category” at the JEC World 2018, which was the world's
largest composite exhibition.

7 Acquisition of external funding

The number of collaborative studies with companies
decreased slightly, compared to the previous FY, but for
many of the projects under consideration, their activities
were actively conducted.

8 Membership program

The number of participants in a membership program
that dispatches researchers to ICC for sharing knowledge
concerning carbon fiber composite materials held by
KIT increased this FY. 58 people from 47 organizations
participated. A members forum was held every month,
beginning last FY, to nurture member companies’ human
resources and to introduce ICC research activities. We
invite external lecturers and co-organize with other research
groups to provide a wide range of cutting-edge information.

9 Users and visitors

User attendance for research at ICC (dedicated staff
excluded) was 3,043 people in FY2017, the same as the
previous FY. Additionally, there were more than 1,070
visitors and the establishment of new industry-university
cooperation mechanism, regional creation, new industries,
and research and development.

10 Specifying resident classification

To maintain safety and confidentiality within the ICC facility,
a monitoring system was introduced last year to check
who is on duty, and clear visual classification was provided
for ICC staff, external attendants, and students. The main
change this FY was the distribution of work clothes to ICC
staff.

11 Collaboration with foreign countries

This FY, for the Regional Industry Tie-up Program of
the Japan External Trade Organization, ICC invited five
companies from Germany to collaborate with CFK-Valley,
another German partner. We held a technical exchange
meeting at ICC. Additionally, we held a Matching Event at
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Composite Highway in Tokyo. A memorandum of
understanding was completed between ICC and Taiwan's
Plastic Industry Development Center, prepared for
internship abroad within ICC. On campus, a series of
confirmation works was prepared to support collaboration
with departments in charge and security trade

12 Security Export Trade Control

At ICC, export and import technologies offered transactions
that were strictly managed in accordance with the
Foreign Exchange and Foreign Trade Laws. Multiple
ICC staffs received an external seminar for universities
and educational institutions called “Export Control Day
for Academia” to enhance knowledge on security trade
management for carbon fiber composite materials.
Overseas trade cooperation was activated, and it was
decided that export control of technology/information
provision in collaborative research should be applied.
Furthermore, this FY, we plan to accept an advisor from
the Ministry of Economy, Trade, and Industry for advisory
dispatching projects.

13 Regional Science and Technology Demonstration
Center Development Project

ICC's extended development project, jointly proposed by
KIT and Ishikawa Prefecture (completion scheduled for
March, 2018; equipment cost: 300 million yen; facilities:
400 million yen), was adopted as the “Regional Science
and Technology Demonstration Center Development
Project,” targeting universities and local governments
(supplementary budget for FY2016 includes a total of 15
billion yen) by the Ministry of Education, Culture, Sports,
and Science and Technology.

Center Name: “Innovative Demonstration Development
Center through High-Speed, Continuous Manufacturing
Process Development of Composite Material.”
Improvement of facilities was conducted in this project this
year and completed in March 2018. It will be opened in July
2018 with the aim of providing a consistent development
environment from basic research to product development,
accelerating commercialization and realizing regional
creation through industrial concentration.
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14 Management of the Organization for
Advancement of COIl Research

ICC continuously carries out management of the
Organization for Advancement of COl Research based at
KIT.The important themes of the organization, “Construction
of next-generation infrastructure systems using innovative
materials - Realization of a safe and secure society that can
coexist with the Earth for centuries” is as follows.

1 Inthe COI STREAM project, we passed a turning point
in FY2017. With a site visit, the JST appreciated that the
“under one roof” was constructed. After implementing the
COlI program, it is aiming for ICC self-reliance to lead the
ICC's independent operation by obtaining public funds, and
receiving funds through joint research with companies.

2 With Phase 2, for the next 3 yrs, from FY2016 to
FY2019, research themes will be reorganized into two
major fields. ICC has conducted task-team research
for each product theme, but is required by JST to
indicate which application is needed to prioritize social
implementation. The COI 20.0 system, an active place for
young researchers, has been established, and the adoption
of young cooperation funds was also decided. This began
to support the development of young researchers.

3 One company participating in the COI project was
deleted, approved by the COIl organization steering
committee,
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1 Composite Highway Consortium *

Kanazawa Institute of Technology ICC formed a consortium
with Nagoya University NCC, Gifu University GCC, and
public organizations of the Tokai-Hokuriku regions in
November 2014. With the support of concerned regional
municipalities and the Chubu Bureau of Economy, Trade
and Industry, the consortium works to form a major
hub/industrial cluster for composite materials to take charge
of the research support, production, processing, and
assembly associated with CFRP through the development of
a domestic supply chain.

(*Initially, it was launched as the “Tohkai/Hokuriku
Cooperative Composite Consortium.” Its active areas
expanded as it aimed for nationwide efforts, and today, it is
called the “Composite Highway Consortium,” )

In 2017, there were various attempts to continually make
further progress in the achievement of past activities,
promotion of matching between user businesses and
businesses in many fields, etc. In October, there was a tour
of the advanced molding technology for CFRP at companies
in the Ishikawa Prefecture that actualized the practical
use of seismic resistant materials reinforced with fiber
composite materials. In late November, in conjunction with
an exhibition of composite materials, SAMPE JAPAN2017,
Convention 2017 was held in Tokyo. New awards (four
categories) that recognize the technology and products
of companies were set up, and five companies were
felicitated at the Convention. In addition, in a joint booth
prepared by the consortium, many participating companies,
including German companies, shared information, and
business-matching events were held.

2 JETRO RIT Program

To promote the international business development of
domestic companies that have been supported through
industry-university collaborative activities, ICC was selected
for the main project (three years at the most) starting in
2017 based on the results of the preliminary projects in
2016 of the Regional Industry Tie=Up (RIT) program of the
Japan External Trade Organization (JETRO). RIT programs
aim to conduct business exchanges between international
areas and regional units with regard to the efforts toward
international development, which are difficult for single
small- to mid-sized businesses with superior products and
technologies, and contribute to the stimulation of regional
industries through commercialization.

In 2017, ICC held a technological exchange meeting for Japanese
and German companies at its premises, and subsequently held
a matching event for businesses from both countries in Tokyo, in
late November. Following these events, the participants agreed to
further activities for business tie-ups in the next year.
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3 Development of Human Resources

(1) ICC Membership Program

It is a program that accepts researchers from companies
and has held a total of nine “Members Forums"—joint study
sessions with ICC researchers—in 2017.

(2) Regional human resource development project

The ICC dispatched lecturers to the seminar on new
high-performance material use held by the Hokuriku Branch
of Electricity and Gas Industry, Chubu Bureau of Economy,
Trade and Industry in September.

To the training program for next-generation technology
development and advanced new technology, etc., by
the Ishikawa Sunrise Industries Creation Organization in
June, the ISS dispatched lecturers in the field of innovative
materials such as carbon fiber. In October, ICC held lectures
and demonstrations of the latest technological trends.

(8) Collaboration of business and research groups

The Director of the ICC, Prof. Uzawa, took the role of
Chairman, and held a seminar in May with the cooperation
of the “Hokuriku Advanced Composite Material Association”
consisting of companies in the Hokuriku Region. In July, an
open training session was jointly held with the “Kansai FRP
Forum” consisting of businesses in the Kansai region, which
is in collaboration with the Hokuriku Advanced Composite
Material Association.

(4) Other collaborations

The Director of the ICC, Prof. Uzawa, was invited to “the
32nd Taiwan-Japan Process Technology Review Meeting”
in Taiwan as a member of a group of Japanese lecturers,
and participated in lectures and discussions over four
days from November 19th. This meeting was first held in
1980, and since then, over 1,200 Japanese lecturers have

4  Presentation of results at exhibitions

To show the progress of research and development on the
continuous production and high-speed molding technology
with the objective of mass production and applied
technology for composite materials, large products—
continuously molded products of several meters dimensions
for application in seismic resistance reinforcement with
carbon fiber composite materials, etc.—were introduced at
the exhibitions.
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In a practical research environment,research and accumulation of basic industrialization technologies through collaboration with different industries

ZIL #AX ZEB#I2 : Yuta Urushiyama Visiting Professor

FRP RRICHE I HLENT7 70— FDEEKRICOWT
Regarding the importance of the chemical approach in FRP development
FEH #3X %R : Hirofumi Nishida Researcher

ICCHETOI Ik

ICC Promotion Project

FBE #E3L\ EFEHI—T 1 x—4%— : Yoshihiro Saito Coordinator of Industry-University Collaboration
=H #E Z=ZE=ER: Yasuhiro Takata Director, Office of ICC

fiAR B|1T #F % 8 : Takayuki Tsukegi Researcher

TR AZ ® % 8 : Kimihiko Uemura Researcher

BERIC &SRz TEAM

Molding with mass production machines
EAM - % - A% - 184 - O £ & : Sakuma,Inui, Matsumoto, Hashimoto, Noguchi Engineer

ERAE ST IR Rl DRET - IS

Design and development of high=performance advanced materials
7EHE - £ #8338 - fiAK WFRA : Nishida, Kanesaki, Inagaki, Tsukegi Researcher

FRTPZ74—3vJ/vIal—2avICAVWSRHIMGHOREF EDRE
Estimation method of delamination stress for fiber=reinforced thermoplastics (FRTP) forming simulation
H#a #FERA : Nunotani Researcher

CFRTP #8077t ARKIMHR
CFRTP joining process technology

RA - WT - #EF - £BE BTRR : Sakamoto, Kyomoto, Uemura, Sato Researcher

FTNRIVEFLRZAW: CFRTP ¥— &R 7 At A0 - BRI

Development of high=speed and high-efficiency continuous CFRTP sheet-forming using a double belt press (DBP)
itH - HH - EH fARR : Kitada, Ishida, Ueda Researcher

EAR HkEH - Sakuma Engineer

CFRP ZLAREE=SY V7 &Kifi
Characteristic estimation technique during CFRP press=forming process
B# - EH %K : Shirai, Ueda Researcher

SR ERMTICET S |CC DEE:

ICC’ s research activities as for pultrusion molding technology
EH WFERA : Ueda Researcher
# - A% £ED : Inui, Matsumoto Engineer

RTM O Hr7SBEFMT
Various molding processing of resin-transfer molding (RTM)
AH - MK #HER : Ishida, Tsukegi Researcher

X 8 CT Bz A =i R R R AT B il
Fiber orientation analysis technique using X-ray CT images

B3 WA : Shirai Researcher

ERE 29 (2017) £ B2 : Achievement in FY2017
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SERMCLINROEBEHE>IMEHELT.2017FE KD R
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Evaluation Research on Permeability for Dry Fiber
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In a practical research environment, research and
accumulation of basic industrialization technologies through
collaboration with different industries

Expansion of composites as structural materials is
anticipated in many fields.

Thus, it is necessary to improve not only breakthrough
technologies, but also to increase competition with other
materials. Thus, we assume it will be necessary to enhance
fundamental technologies for productivity, design, support,
and manufacturing. It is also an important research topic to
organize the results of research constructed for each element
from a system viewpoint and to reconfigure it with a system
and engineering foundation.

Regarding research and development and practical
applications of composite products, the field of engineering
has diversified, and engineers engaged in non-diversified
businesses have begun collaborating to utilize their
knowledge and to exercise wiser choices. Therefore, as a
place where technicians gather, it is more practical and
necessary to develop a laboratory environment that enables
advanced shaping. Because ICC can form a fulfilling
research environment with great collaboration, it is essential
to make use of an engineering foundation.

One issue to be addressed is improving the static and
dynamic mechanical properties of composites and production
simulations. The key lies in the specific technical content of
the composite. Specifically, it is sometimes necessary to
evaluate the influence of manufacturing by ignoring its
influence. Thus, is necessary to consider many design
factors. Thus, productivity improvement, research, and
development by simulation is required. Additionally, for
simulation applications, there is a method that makes it very
effective for mutual understanding among engineers in
different fields: visualization and animation.

Therefore, as an effort to pursue technological collaboration
in different industries and fields and to aim for future
development with data accumulation, since FY2017, the
research group on dry fiber sheet impregnation evaluation
(Consortium for Evaluation Research on Permeability for Dry
Fiber Sheets) has engaged with ICC. Permeability is a
common theme and provides a place to discuss related
issues.

Fiber substrate, measurement, simulation, and manufacturing
related technologies all have end-user groups, but
academically they lead to stovepipes, suggesting that we
need a new direction of development, such as fiber forms.
Thus, we expect it and we promote it. For the ease of product
forming, which is qualitative, presence or absence of
reproducibility is represented for good or bad. The study
groups work on numbering experimental tasks and practical
molding simulations.

Al A
Hixofumi Vishida

Fiber-Reinforced Plastics (FRP) DR ELTEEN
YRV ZABEIZ. FRPOFEICHEREICKZLEEEEZ D,
NI BUEEREPTEIL7 7 AORTTBERIEICHWTIE,
FRPIZBBEDH S AGERBETgU T CIEB W EERERT M,
TgH ETRAMICHMRIET T 2. MENTEUL. D5
TAREOBE EHFMASNZEBEBENEBHICERL.
BHEBEANLEBAZZENTET  EIEPFRPELTO®RER
SRR BEOTgUTORETCULNFRPOYRIZRELT
BELRWIENS BIEDTgAFRPOERAMERED LR%E
REM T TWBEHIC, FRPOEAM LAY TMED S
DRUENZTENTH2N  B/NMEE HERE. MITHES KT
HAILEREDRHHEIFRARLELTRENXREN THD. 1.
BICHMEL TNV ABEOBEER@ICIEBATI IV AP
Wy ZIVVTABRNELTVWE  MELBIELDEBENR+HT
HHEEHBENRID MEICKHHETIMBEAONBRLL D=0,
EEERELTIFEEI/NTVWENMDIOLT IV THM
FRPOBHICEZZHBIIRLTERTCELRWV > T RER
FEFEEENTIO—FHARBLLE2BE CHD. BIC.HKE
7OCERAEFRPOBUERECEALBZ . MEADZBRLA
I RS RBRERLENELLEBIDNOTHI. HEOERE(L
AOY—SH BLEE. Ry S0 74E) ICAEERE /Ot
2EBRTIBDENHD.—H. LNDEAMICIF R IOERIC
BEEERELARZEOIMBRATIZENHEER>TL S,

ICCTOIENT /O—FE LT . RHMOMEBERPIOER
ANDIYFVIDBRNHLERSNZ{FUEDGSEEZBMNIC. T H
VI ARE/I— DR FREP. REREICAREANTHEEH
HKET>TW3,

Full Cross-linking
Density

All Linkages with
High Bond Energy
20-=curable

FRPRARICEITZ{LEN7ZIO—FD
EEMIIOWT

Regarding the importance of the chemical approach
in FRP development

The properties of matrix resin contained as a component of
fiber-reinforced plastics (FRP) have a great influence on their
characteristics. Especially in thermosetting resins or
amorphous thermoplastic resins, FRP shows a high elastic
modulus below the glass transition temperature (Tg) of the
resin. However, the elastic modulus sharply drops at Tg or
higher. When the resin is above Tg, namely, in the rubbery
state, when stress is applied, the resin is easily deformed,
and stress cannot be transmitted to the fiber. Thus, it does no
longer takes form of FRP. Because resin functions as a
matrix of FRP only below the resin Tg, it determines the
upper limit of usable FRP temperature.

Certainly, whereas the properties of fiber itself are dominant
in the basic mechanical performances of FRP, that of resin is
still dominant in performance, including thermal properties,
chemical resistances, processability, and recyclability.
Additionally, a sizing agent and a coupling agent are usually
interposed at the bonding interface between reinforcing fibers
and matrix resins. If the adhesion between fiber and resin is
insufficient, delamination occurs and stress cannot be
sufficiently transmitted to the fiber. Thus, the effect of the
sizing agent on FRP characteristics is never negligible,
despite its very small content.

Therefore, the interface design is also an aspect where a
chemical approach is required. Furthermore, the molding
process can also greatly influence FRP properties. The level
of impregnation into fibers, void remaining rate, etc., can be
changed. It is necessary to select a molding process suitable
for various properties of the material (rheological properties,
curing speed, pot life, etc.). However, from a more practical
viewpoint, it is essential to design materials to have
characteristics that molding processes require.

As a chemical approach for ICC, we have been struggling
with molecular design of monomers for matrices and material
development stepping into interface designs, aiming to
pursue material performance and process matching.

Zero Cross-linking
Density

Aromatic Ring
Incorporation
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Figure2. Application to platform
fall prevention measures

Figure1. Commercialized
Random sheet
(SUNCORONA ODA Co., Ltd.
Flexcarbon™)

Yoshihivo Saito
Yasuhiro Takata ICC#ﬁngIa I'“
Takayuki Tsukegi ICC Promotion Project
,/((‘IYIJU:LO Uemu!a

[1] Action of the COl program

The KIT COI collaborates with 27 organizations and
companies with the aim of “Construction of next-generation
infrastructure systems using innovative materials -
Realization of a safe and secure society that can coexist with
the Earth for centuries” with ICC as the base. This year is the
5th year, and during phase 2, we are working on realizing
social implementation of innovative materials, through two
WGs, working group 1 (WG-1) common-member molding
technologies, WG-2 base technologies, and application
development by six “application task teams.”

Topics of research and development results

WG-1 invented a novel method for high-speed heating inside
materials, which can be a problem when forming thick plates.
During molding of the double-belt press (DBP), progress has
been made on the high-speed forming method. In the
manufacturing technology of intermediate base materials, we
developed continuous molding technologies for random sheets
having good shape-retention and excellent mechanical
strength using carbon fiber-chopped tape and thermoplastic
epoxy polymers. It was commercialized by the participating
company, SUNCORONA ODA Co., Ltd. (Figure 1) .

WG-2 can design and synthesize cellulose derivatives with low
moisture and high compatibility with carbon fibers, compared
to existing nylon. Evaluation technology demonstrated lifetime
prediction via a tensile creep test of strand rods using
thermoplastic epoxy polymers, obtaining prediction result
validity and technology evaluation new material.

Progress towards society implementation

In the field of construction, the adoption of CABKOMA Strand
Rod with practical application of seismic retrofitting via joint
development with KOMATSU SEIREN Co., Ltd. has expanded,
and with the “New Market Creating Standardization System’s,”
the Ministry of Economy, Trade, and Industry’s has adopted
the platform as a fall prevention fence; new use is expanding.
(Figure 2) In the field of civil engineering, a ground anchor
system for prevention of slope-collapse is being planned by
NEXCO-West and Kyoto University. A verification test (July,
2018) is scheduled to be implemented and is progressing
toward practical application. Additionally, tension material and
reinforcement for prestressed concrete requires conversion into
FRP as a countermeasure against salt damage of concrete
structures. Consideration is also being made for social
implementation of task teams, including making progress of
examining with bridge specialized manufacturers.

[2]RTMERF B ICBE 3 2 BN &

RTMICRT 2 ARRARK S RAEELEEDOHARHRESHE
BUIEN 7RICIEMEICHRESE2E7 - 3y T2REL
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DBABITOVWTERE A ZRHE LT,
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YEEBRLYIAL—YavELUREETOSE{LERS,

RTM workshop (July 2017)
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[2] Efforts on resin-transfer molding (RTM) technology

In RTM research and development, we conducted five joint
studies with companies this year. In July, we held the second
workshop. We also launched the “Study Group on Dry Fiber
Sheet Impregnation Evaluation Method” to evaluate
impregnation properties. We also began accumulating basic
data and applying simulation technologies.

The Strategic Basic Technology Advancement Support
Project joint development of preform, teamed with TEC ONE
Co., Ltd. For the “Supporting Industry project’s,” by using
chopped tape and high shape. We established the basic
technology of a new preform that realizes productivity and
high strength.

The study group on impregnation evaluation began activities
by participating with companies in a wide range of technical
fields, including materials, molding processing, and
simulation. Utilizing impregnation property evaluation
devices, they accumulated permeability data and aimed for
sophistication of simulation and molding technology.

[3] Cellulose Nanofiber Performance Evaluation Work
Outsource Project (Proving, Evaluation, and Verification
for Introduction of cellulose nanofiber (CNF) Materials for
Social Implementation—-Automotive Field)

In the automotive field, applications (e.g., materials and
parts) were proposed for utilizing the properties of CNF and a
thorough evaluation was conducted of the full process from
material to automotive final product for resin materials using
CNFs. The aim was to reduce carbon dioxide emissions by
improving energy efficiency by reducing the weights of parts
and products. In ICC, under close cooperation with project
partners to clarify formability of CNF materials that contribute
to the introduction of CNF parts for the automotive field and
similar products, adhesive-bonding via RTM molding was
introduced.

[4] Adaptable and Seamless Technology transfer Program
(A-Step)

We participated in the A-Step's seed development FS and
conducted research to apply the COI results to the blade of
the vertical axis wind turbine during development of the next
generation floating offshore wind power.

We made it possible to reduce weight by applying CFRP and
contributed to cost reduction as a wind power system.

[5] The Innovative Structural Materials Association
(ISMA) project

For the drastic reduction of transportation equipment weight,
primarily for automobiles, ISMA promotes the development of
innovative materials for in the right applications. With the
development of technologies involved in enhancement of the
strength of major structural materials, such as iron and steel,
non-ferrous, carbon-fiber-reinforced plastic materials, for
transport equipment, this can be achieved.

ICC is in charge of research related to mechanical joining as
a method other than adhesion. Thus, we found that using a
grip shape is effective for dissimilar material bonding.
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Molding with mass production

machines Tadashi Sakuma
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Figure 1. Sandwitch constraction by HP-RTM
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The operations of researchers using molding and laboratory
equipment are supported by ICC engineers, who have high
expertise in molding machine operation,

Different molding and processing machines

ICC engineers for the various technologies corresponding to
different molding methods are working on the optimization of
molding by taking advantage of their respective features of
the different molding processes. Each molding technology is
introduced below.

Wet molding: Orthodox lamination method typified by hand
lay-up. It is the basis of all molding methods.

Wet vacuum forming: Increase fiber content (Vf) by sucking
the extra resin of the laminated substrate by hand lay-up. The
sandwiched structural material is molded by vacuum bonding
with the core material.

Infusion molding: After setting the base material, pour in
and infiltrate the resin so that the resin is sucked in a
vacuumed state. Further, the injected resin is pressurized
and depressurized to control the amount injected.

RTM molding: Mold by injecting pressurized resin into a
sealed mold.

HP-RTM: Inject a high temperature-high pressure resin into
a high-temperature mold pressed under high pressure and
harden for 1-2 min to enable processing within a few minutes
(Figure 1).

Autoclave molding: Place a mold in a prepreg, enclose with
a vacuum bag, place in a pressure cooker (autoclave),
pressurize, and heat to harden it.

Hot press molding: Set a prepreg in a metal mold, press,
and heat, and harden by pressing.

Figure 2. Ultrasonic automatic cutting machine
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Figure 4, Water jet cutting machine
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Elongate structural materials due to
intermittent processes and roll forming technology

Figure 6. The main large moldings in COI project

CABKOMA Strand Rod
KOMATSU SEIREN Co., Ltd.

Molding equipment introduced this fiscal year

Ultrasonic automatic cutting machine (manufactured by
Takatori Corporation; Figure 2)From 2D CAD data prepreg
and automatic cutting of raw cloth by using ultrasonic waves.

TAL automatic laminating machine (manufactured by
Tsudakoma Industry Co., Ltd.; Figure 3)
Automatic lamination based on laminate formulation
designed using thermoset, thermoplastic prepreg tapes.

Water jet cutting machine (Figure 4)
FRP products, metal, wood, etc. are automatically cut from
the 2D CAD data (Figure 5).

Follow up on research by ICC engineers

Utilizing the experience that we have gained so far, we
supported research by consulting and cooperating with
researchers and collaborators of companies. In molding
machines such as HP-RTM, automatic cutting machine,
automatic lamination machine, autoclave, and water jet,
improvements in terms of work efficiency and molding
process are carried out. Perform the processing of test piece
from molded parts and sometimes auxiliary work for material
testing.

As a result, COI provided assistance in improving the
molding quality and mechanical properties, and the following
molded products were obtained.

Figure 6 shows intermittent press-molded products and
roll-molded products as the main products of elongated
molding, and a ground anchor plate as a strand rod and
press-molded product is formed.

Figure 5. Waterjet cutting test piece

Ground anchor plate
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Design and development of high-performance
advanced materials
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Conventional Pultrusion

thermosetting polymer V=LA
Cure Time : t  Molkd length : L( Max 0.5m) Max 3m/hr
(10min)
e
Epoxi,UP, VinilEstr

Innovative Pultrusion I

Polymerization time : t Oven Length : L ( 10 ~20m ) =
(20min)

N .

Ultra Fast Impregnation Hot-Air Oven

Cocling & Compaction

Figure 1. Innovative Pultrusion
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We studied resin and fiber surface modifications and
compatibilizers for controlling resin, compatibilizing agents
(sizing agents), and for composing the composite material,
mechanical properties, functionality of the fiber. We introduce
examples that ICC is working on from this viewpoint.

Modification of Thermoplastic Suitable for FRP Molding
Processes

Whereas FRP can be a material with high specific strength
and specific elastic modulus, owing to the actions of fiber,
other properties largely depend on the characteristics of the
matrix polymer. For example, when manufacturing a certain
structure, it is necessary to consider not only mechanical
properties but also chemical characteristics, such as weather
resistance and heat resistance. Whereas the matrix polymer
satisfies the required resistance and properties, it may be
impossible to use it for real structures because of the
difficulty of polymer in impregnating fiber, or its low speed
and quality in the molding process. Thus, in FRP products, it
is necessary to select materials and design the process,
based on understanding the relationship between material
properties, each manufacturing process, and the final
product.

(1) For applications requiring high performance (e.g.,
toughness, heat resistance, strength, reparability) FRP and
thermoplastic polymer categorized as super engineering
plastics were selected as general matrices. However, the
melt viscosity of the polymer is very high and fiber
impregnation becomes extremely difficult. To solve this
problem, ICC examined a method to make impregnation
easier by lowering the melt viscosity by adding specially
designed reactive plasticizer to super engineering plastics. In
the state containing the reactive plasticizer, the physical
properties of super engineering plastics was drastically
deteriorated. However, after molding, a certain stimulus as
added to polymerize the reactive plasticizer and recover the
super engineering plasticity to its original physical properties.

(2) For thermoplastic FRPs with complicated shapes and
thick-plate shapes to be manufactured at a high cycle,
high-speed impregnation could not be performed with
ordinary thermoplastic polymers, because of their high-melt
viscosity. Thus, we can use a method using an “in situ
polymerization type thermoplastic polymer” , which is a
low-viscosity and low molecular weight compound at the
beginning. It can also be applied to high-speed impregnation
to rapidly polymerize the thermoplastic polymer after
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Mechanism of destruction on interfacial shear strength of iPP-PAA and MAPP
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Figure 3.Ratio of various composites and molding conditions of an extruder
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impregnation. ICC is working on CFRP molding using in situ
polymerized thermoplastic epoxy, manufactured by Nagase
ChemteX Corp., and has already developed a strand rod
“CABKOMA" for earthquake-resistant reinforcement by
collaborating with KOMATSU SEIREN Co.,Ltd. and works
towards Japanese industrial standards (Figure. 1).

Development of novel compatibilizer (iPP-PAA) in the
PP-based composites

In this research, using polypropylene (PP) as the base
material and PP type ionomer as a compatibilizer for
composites with CF (short fibers) and BF (microfiber and
nanofibers). For existing maleic anhydride, we developed an
interface adhesion mechanism differing from polypropylene
(MAPP). By adding CFRP and a compatibilizer synthesized
to Telechelix polyacrylamide (PAA), having reactive double
bonds at both ends, the interfacial adhesion of CFRP was
improved by about 50 % compared with MAPP confirmed.
Additionally, for functionality, we will create a product that can
maintain its physical properties as a composite material
without losing its antistatic function.

Mechanism of compatibilizer and interfacial shear strength
in CF
iPP-PAA of a PP-Based lonomer reactive polar polymer was
immobilized on both ends of the PP, Tri-block copolymer
(made by Sanei Kogyo Co., Ltd.). Because the reactive polar
polymer at both ends enters the PP crystal structure and
adheres to a surface, cohesive failure occurs and leads to
improvements in physical properties (Figure 2). The molding
conditions and compounding ratio of the extruder are shown
in Figure 3.

Fragmentation (FT) test
A film of entry 1-5 was prepared using a hot-press machine
(IMC-180C type manufactured by Imoto Machinery Co., Ltd.).
The molding conditions and interfacial shear strength results
(films) are shown in Figure 4.

Compared to PP, Entry 3, with compatibilizer, improved IFSS
by 367 %. A value exceeding the target value (sizing agent
removal: 82 %) of the fragmentation test, 22 MPa (1.5 times
MAPP) can be obtained. Thus, the purpose of developing a
new compatibilizer has been achieved.
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~
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Figure 4. Film-forming conditions and interfacial shear strength results
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Estimation method of delamination stress for fiber-
reinforced thermoplastics (FRTP) forming simulation
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Nowadays, forming simulation is applied to optimize the
molding process, including mold-shape design, blank shapes,
and draping of fiber laminate. Figure 1 shows the material
properties required for modeling in fiber laminate material.
The material properties (in-plane shear characteristics,
tensile modulus, flexural modulus) of a single layer can be
measured via material test under a molding temperature.
However, general material testing has difficulty measuring
interlayer delamination stress, because measuring molding
temperature under stress is difficult. Thus, there is no clear
testing method. So, this report proposes a new method of
determining interlayer delamination stress.

As shown in Figure 2, the partially heated FRTP laminate is
partially bent, and wrinkles were purposefully formed by
free=bending. Then, for comparison of simulation and
free=bending test, wrinkle shapes and values of interlayer
delamination stress were determined. Assuming extremely
small friction between molds and layers and the lack of
in-plane shear occurrence, the shapes are greatly affected by
flexural moduli of a single layer, the bending range, and the
interlayer delamination stress, because the wrinkling of
free-bending is not pressurized or restrained by molds.
Figure 3 and 4 show wrinkle shapes formed by free bending
test and by simulation. Here, it can be seen that these
wrinkles have good conformity.

Therefore, the results of this study reveal that this method
can determine the value of interlayer delamination stress.
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Figure 1, Characteristics required for modeling simulation
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Figure 2, Schematic of experiment

Figure 3, Wrinkles for experiment  Figure 4. Wrinkles for simulation
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CFRTP joining process technology
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Figure 1, Method of interfacial heating of overlay bonding
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Development of a continuous laser welding system for
CFRTP molding

Continuous welding of CFRTP has not yet been established.
In this research, we developed a heating technology for
bonding interfaces using lasers and developed a continuous
welding system for CFRTP-molded products. In this fiscal, we
studied the heating of the bonding interface that renders the
through hole as one having an infinitely small diameter and
developed the bonding technology shown in Figure 1.

Laser irradiation was carried out in two steps. Laser irradiation
for through hole processing was the first process, and laser
irradiation for heating the bonding interface was set as the
second process; resin disappearance and deterioration in the
vicinity of the through hole at the bonding interface was
attempted.

As a result, it was confirmed that the interfacial shear strength
was improved by 13% compared to single-step laser
irradiation and that the dual-process laser irradiation heating
method can suppress the resin decomposition near the
through hole on the bonding surface.

In addition, it was confirmed that even for 2.5mm thick plates
joining strength obtained was comparable to that for thinner
plates of 1mm. This result encouraged us to proceed further
steps for seeking higher joining strength minimizing resin
deterioration.

Research on ultrasonic welding process management for
CFRTP joining

It has been reported on several occasions that ultrasonic
welding of existing CFRTP can result in high bonding
strengths upon applying high holding pressures during the
process. However, during the measurement of interfacial
temperature as part of the process, the temperature during
excitation reached 420 ° C, and rapid oxidative deterioration of
PA6 occurred.

Therefore, in this study, by varying the holding pressure
during the process, which used to be constantly managed, to
ensure its suitability for each process of the melting (during
excitation) and cooling solidification steps (after stopping the
excitation), we could obtain a high bonding force.The holding
pressure at the instance of melting during the welding process
was 1.0 MPa, whereas the holding pressure during the
cooling and solidification process was 1.5 MPa; the holding
pressure during the welding process was 1.5 MPa, which
reduced the bonding force uniformly over a longer time. The
results are compared and shown in Figure 2. The holding
pressure suitably controlled during the melting process
resulted in a high bonding force.
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Development of high-speed and high-efficiency continuous
CFRTP sheet-forming using a double belt press (DBP)
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Figure 1 Heating and thickness direction temperature rise profile
of carbon fiber woven fabric (200 g / m? 50 sheets laminated)

Figure 2 High speed molding process model verification experiment
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We are developing a continuous process capable of
impregnating carbon fiber with thermoplastic resin using a
DBP to produce high-quality, low-cost thick CFRTP sheets.
Here, we describe results of two aspects of this development:
“equipment and process development” [D] and “molding
technology using DBP” [2)].

(MOWith DBP, development was conducted based on the
high-speed molding process model devised from the
optimum process design. This FY, we developed a
continuous preheating process and a process model
verification experiment using a high-speed temperature
raising device introduced to DBP in 2016.

Continuous preheating process development
High-efficiency molded CFRTP with high efficiency. We
developed a direct heating method that does not depend on
the possible thickness direction. An example of the heating
experiment is shown in Figure 1. Currently we are developing
continuous process equipment using this heating method.

Process model verification experiment

During process simulation, the process conditions and
outputs (temperature and impregnation ratio) were calculated
in advance, and the molding experiment was carried out
(Figures 2 and 3).

By using material preheating and high-speed temperature
raising devices, productivity efficiency improved 1.5 to 2
times, compared to conventional molding speeds. In the
future, we will proceed with the continuous preheating
process development, further increases the supply
temperature to improve process efficiency and achieve
manufacturing cost reduction targets.

@In the development of molding technology, molding
experiments with a thickness of 6 mm, using a woven, and
molding experiments using non-crimp fabrics with better
mechanical properties than the woven were carried out. In
the future, we aim to improve impregnation quality and
productivity, plus the development content of (.
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Figure 3. High-speed molding process model verification
experiment Temperature profile (0.8 M / min)
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Characteristic estimation technique during CFRP press-
forming process
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One feature of thermoplastic resin CFRP is its ability to
perform secondary processing. Resins can be formed into a
desired product shape by re-melting them with a
press-forming mold. However, unlike metals and resins
having uniform physical properties, the press process
conditions (e.g., heating temperature and press load) are not
always the same press state history, because the structure of
the resin and fibers in CFRP is not uniform and stable. Thus,
there is a problem that the appearance of the formed product
and the quality of the mechanical properties are not
stabilized, because they are not always acting stably on the
product. In this in mind, we attached various sensors for
temperature, pressure, and displacement to the
press-forming die, measured the press-forming process, and
analyzed using pattern recognition. We aim to develop a
state monitoring technology during press-forming and to
develop technologies capable of estimating the quality of
formed products in the future.

In FY2017, we investigated a method of extracting and
analyzing feature quantities from each sensor value change
during press-forming against various molding conditions,
such as heating temperature and load-of-press forming.
Thus, we focused on the fact that the discontinuous shape
appeared in charts (a) of the mold displacement sensor at the
set load of the press and heating temperatures. The degree
of the discontinuity was numerically converted via difference
processing. We also studied a method to recognize mold
velocity change patterns. (b)

In the future, we will advance this method, accumulate data
under different press-forming conditions, and analyze pattern
recognition.

25
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(a) :the mold velocity chart. (b) :the chart showing the calculated feature quantity of the
mold velocity change from the result (a).
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ICC’s research activities as for pultrusion molding technology
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Pultrusion molding technology applies a technique of
performing continuous molding (e.g., FRPs) using a drawing
machine. For example, a continuous fiber substrate of glass
fiber can be impregnated by passing it through a tank filled
with vinyl ester resin. Thereafter, it is drawn into a mold, and
is heated and cured while shaping. FRP molding of the same
shape can be continuously performed via pultrusion.

As a new initiative from FY2018, ICC will begin studying the
molding process of FRP strand rod material, narrowed to
thermoplastic resin using continuous pultrusion molding
technology. Thus, a pultrusion molding apparatus
(manufactured by KOBE STEEL, Ltd.) has been introduced.
The configuration of the device is a system that integrates an
extruder, a roving heater, an impregnation head, a water
tank, and a drawing machine. Its overall length can be as
large as 13 m. Next, a process of manufacturing an FRP
strand rod material is shown. The resin is melted by heating it
in an extruder. Then, it is extruded to fill the tank of the
impregnation head. The glass fiber is warmed by the roving
heater and is poured, whereby the molten resin is
impregnated into the fiber. A rod can be formed by pulling it
out with a drawing machine while passing the
resin-impregnated strand through a die. The greatest feature
of the device is that the angle of the nip roller of the drawing
machine can be varied. It is structured such that the rod
material is twisted by pulling it out at an angle. By pulling it
out while twisting, it is possible to suppress fiber fluffing.
Thus, high speed molding becomes possible. The maximum
withdrawal speed is 90 m/min. ICC aims to construct
high-speed molding and voidless “high-speed impregnation
continuous pultrusion molding process” on FRP rod material
pultrusion technologies. We plan to improve the equipment
and select and reform resins to achieve the goal early.

Figure1. pultrusion machine
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Various molding processing of resin-transfer molding (RTM)
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Multi-axial substrate Cutting of substrate preform

Figure 1. General multi axial substrate preform

Chopped tape

sheet RTM moldings

Figure 3. Photograph of chopped tape reform and HP-RTM molded product
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Development of carbon fiber chopped tape preform for RTM
Within the supporting industry project (H27-29), supported by
the Ministry of Economy, Trade and Industry, a novel preform
consisting of chopped carbon fiber tapes was developed for
RTM. The project was conducted in collaboration with
industry. Members were TEC ONE Co.,Ltd., KYOWA
INDSTRIAL Co.,Ltd., Industrial Research Institute of Ishikawa
and Kanazawa Institute of Technology.

Preform is dry fiber reinforcement that is pre-shaped to its
final specification prior to the RTM process. It is generally
fabricated from multi-axial continuous fiber reinforcements in
Figure 1 but problems are material loss and low formability.
New preform is fabricated by cutting dry fiber tapes into
pieces and laying up them randomly with a binder, as shown
in Figure 2. The new preform shows high productivity, low
material loss and high formability for complex shapes. Figure
3 shows images of the developed preform and the RTM
process.

Prototyping and evaluation of CNF large parts

Kanazawa Institute of Technology, TOYOTA TECHNO
CRAFT Co., Ltd. trial production and evaluation of large
parts, such as outer panels of CNF engine hoods for the
Toyota 86 by RTM. Experimental production of large parts by
the RTM method and evaluation of basic physical properties
of molding and large parts are shown below. An engine hood
(Figure 4) for a Toyota 86 was test manufactured using the
RTM process to impregnate a CNF sheet with epoxy
polymer. A weight reduction of around 30 % was achieved,
compared to the conventional part. This verified for the first
time that the RTM process can be a method for creating large
parts, even when using CNFs.

Fabrication of
dry fiber tape

Chopped tape
sheet prepared preform

out e

Ve @

resin

Figure 2. carbon fiber chopped tape preform was developed

Figure 4. CNF-derived engine hood
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Fiber orientation analysis technique using X-ray CT images

CFRPEEDHEMEREM R ROBBSEE KK R
REBOMBERELEZROFRLEEARBHEICKEKREFT 2.X
#RCTIZ CFRPRB DM LR E M EE3DERT — 9 TRET
BZIENERIREZEBE T . SOICERBINICKDMEDOEMA
E. AN REDRBBEEFAT 2N HES,

XBCTEEZAVWVEHRT—ELTUL FyTRDOCFRP
FERBLIES VY LY— bOBBEEORBITP. CFEEDRE
MAREET>TEN . SVILY—FIBVWEBBAE T TIIEL
MERHAEEZHBEIICTERABICEBREEERNT 2
CENHERDZFHUNH D COMFBEICE VTR LMK
MY L TRBRICHRES N LR ZREL TR ZT
BB LREETHD MERM DR MELREELL
TY7L=brEFTILEZRAVWTH#RICZAF YL TV TL—bE
—HT ML RRUTHELROMEZT S COFETHE
LB BEEEN S MEOKRABE. RS SANBEDN
IA—9%EFHTROTRER A HHEOND. ZDEITHER
PIEETICRY . AEED () XRCTREB K E (b) fleh H
RER. ZLTARR (OBKEREAZESTLTRLEZERTSH
3. /BONTWMBEERDHOHBREKROY Y TILICKZHR
FUEOERZERU-BER BEREIRCHLTEESEAA
DHEXPAEIHHARZTVERENSIRBREDBEANE R
PR/ENTONABRGOMER DS HEBBFEEOHRE
BB HES,

REMMEREORITIZ. AR GOFMEPERBTEORRE R
EECOFERBICEWTIERELER TH2 . MMEBEDOSH
(. ARG ETE A O K R Z BRI U, PO ERD
SREET IR RMEMOEMZROTEREFMOMBERED
PHERLZOBTBERER2ICRI LR\ BEHEREE
SFUTEREKFEICYYEY T UBR. AR\ B ERE%
BREFETAMICHULTRULE3DER N SATHS.25LT
BrEMMBEEOSHE. TLARELRLED2RMIICEWTER
MNEELEBLOREREREOR L E BRI (S
TEEONBVHMEHERCORBITICED REMIEED
BR#EETS N TREL D,

(a) X-ray CT image (b) Fiber extracted image (c) Analysis image
of fiber orientation angle

Figure 1. Analysis of fiber orientation
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B# RIA
Takehiro Shirai

The mechanical properties of fiber resin composite materials,
such as CFRP, are largely dependent on the fiber orientation,
shape, and internal structure (e.g., voids). X-ray computer
tomography (CT) is inspection equipment that can analyze
fiber orientation and shaping states by analyzing images from
photographs of the fiber and resin structures in CFRP, using
3-dimensional (3D) image data.

Our research subject, using X-ray CT, analyzed fiber
orientation and density of a random sheet laminated as
chip-shape CFRP pieces randomly orientation. The random
sheet not only had high formability for 3D shapes, but it also
featured mechanical property controls in arbitrary via the fiber
orientation angle. Moreover, it is important to evaluate the
mechanical properties by observing the stacked-fiber
orientation. The fiber orientation analysis method is a
technique of scanning a template in a circular shape and
selecting matching fibers (a—b). We calculated the fiber
orientation distribution using parameters such as fiber
orientation angle, length, waviness, etc., from the position
coordinates of the extracted fiber image (c) (Figure 1). As a
result of comparing the calculated fiber orientation distribution
and the actual measured mechanical properties, the tensile
strength value becomes smaller in the test specimen having
a larger fiber orientation angle distribution in the direction
perpendicular to the fiber direction. Thus, we have found the
relationship of fiber orientation distribution and the
mechanical properties of the test specimen.

It is important to analyze the carbon fiber density when
evaluating molded products and mechanical properties. The
analysis method of fiber density distribution is a method of
extracting the carbon fiber shape from a cross-section X-ray
CT image and computing fiber density distribution by
calculating distance between adjacent carbon fibers from
fiber center coordinates (Figure 2). From the computed fiber
density distribution in this method, we can analyze fine
structural changes that cannot otherwise be obtained by
mechanical property evaluation, such as changes in the fiber
arrangement of the part whose shape changed during press
formation. Thus, it is possible to optimize press molding
conditions.

Mapping of interfiber distance

3D histgram of fiber distance

Number of data

Thickness of specimen / um
Inter fiber distance / um

Width of specimen / pm

Figure 2. Analysis of inter-fiber distance
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