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Overview of the Innovative Composite Materials Research and Development Center and the COl STREAM Program

FREAZRIEXRENZET I EFESHRHRRE
vy —](LUTMICC) I BENZES / R—ya v R
ELTRISN6FEBZWZ =, 201 8F (CIEPREE D
MR RN TR EHEECINDRIEMREIEEL,
A= VBHMRBREIV 7 EBEEOSWRIEERETY 7
DNBETALICEDARBARENOHBREFEZTI—ALLR
[CH RN CEIMREBR ST SEEIZICCOHREFA
EHIZEM3,200AZBA K50 DBENS70RDREMN
RE-BWMEZRZORRBELTRA.ZNTNIEELD
MRICEMUEZEHEORRARRDBLIT TR A EED
ERMEBIRY T — I BEDBLHE>TWD,

COlI STREAMBEIZEWTIE 20195 EIZ =7 IL9E
MOBENIELRND—BRENAEREANBD =,
[CABKOMA™ | BB TRBRLLWHBTH LT RS
BHELTISRBMNFESN, EEXLEOMEHRPLR
DHE—LEZ2M(JRRBRRM) ICRELHE 7,
[Flexcarbon®] ZERENGI S EELIZENTER
EETEERD My TT7RY— D B<ELER/INI1ILR
Ya—XIIRBEENT,

COIZTRISLRTER BROBBAEDEMRT 720
DEFHEDNRETORETH 5. HFEARICHWTIZERIC
RESTEEAM DB THERARAE—RRBEVRM, R1YKE
BISRI—DRELDERERMAREREENDR
=R T BRI FREHEBIIEWTEHSA - KER

ERBEHRIACLIF—ZBRICHETEIIRNICK
FPHEHELEHEURKERUEDLH)TERENERLRE
[CANTWE, COELS ICHRHAR BB - EHEFHDHE3
AEELTHRICHTCEIF—TVTSyRT74r—LELTHE
FLICCOBINRERDOBRMTH 5,

The Kanazawa Institute of Technology (KIT) set up the
“Innovative Composite Materials Research and Development
Center,” hereinafter referred to as the ICC; it is in its sixth year
as an international innovation hub. In 2018, the demonstration
base was expanded by the Ministry of Education, Culture,
Sports, Science Technology: Regional Science and
Technology Demonstration Center Development Project. By
joining the open R&D area and the highly secure
demonstration area, it became possible to progress seamlessly
from R&D to real-life implementation. In this fiscal year, more
than 3,200 research users visited ICC, and 70 corporate
researchers from about 50 companies were accepted as KIT
researchers, which have been increasing steadily since the last
fiscal year. This is not only a center for industry-academia
collaboration but also for network development integrating
multiple economic sectors.

The COI STREAM program is in the final 3 years of a 9-year
program, and some products have yielded results in FY2019,
such as CABKOMA™, which is a lightweight, durable,
non-corrosive material, and has now been established by JIS
Standards as a seismic reinforcement material. It has proven to
be an earthquake-resistant reinforcement material with benefits
as a safety material that is used for station platforms (such as
JR Osaka Station); Flexcarbon® enables molding and mass
production not possible before and is used in track sprint shoes
that do not need spike pins and are worn by top athletes.

Upon the completion of the COI program, the priority will be to
ensure the continuity of the activities of the Center in a
sustainable manner. In the joint research activities, not only
domestic but also international joint research activities with
European partners, especially with companies of the Germany
Carbon Fiber Cluster (which have fast-track applications in the
field of composite materials), will be conducted in the next
fiscal year. Also, the joint education classes for business
people and graduate students and seminars for business
people have already been held. Hereafter, reforms to
encourage interdisciplinary cooperation in the graduate school,
in collaboration with the University Research Institute, will be
considered. Thus, the mission of the ICC to become an
independent, world-class research platform centered on the
three pillars of R&D, education, and collaboration activities,can
be realized.
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1 Amendments to ICC management regulations

The ICC Center Regulations were revised in April 2019 due
to a change in the department name of the office.

2 Acceptance of new researchers into ICC

During this fiscal year, the number of accepted researchers
grew to 69 from 48 institutions which includes members
from various companies. One of the factors contributing
to the increase in the number of members is the ICC
Members Forum, which is held monthly. ICC's wide
range of information events are included, including new
research activities at ICC by members (researchers from
companies and institutions), lectures by external lecturers,
and co-sponsored events with other research groups.
Notably, during this period, ICC has provided a rental lab to
one company and registered five co-researchers who will
contribute to practical research.

3 Implementation of ICC users’ initial training and
safety activities

The ICC Faculty Safety Committee ensured that research
activities were conducted in compliance with decisions
made by the University’ s safety committees. In 2019,
a "Day of 4S Activities for all Staff" was held to heighten
safety awareness and focus on ensuring that space and
equipment resources are used such that safe and effective
experimentation is ensured.

4 Patents

The number of patent applications for manufacturing
technology and mass production technology for social
implementation has increased, and the number of patent
registrations has also increased significantly.

5 Acquisition of external funding

The value of public funds in 2019 is the same as that last
year, but the number of joint research projects with
companies has decreased, and the amount of joint research
expenses has also decreased. However, the number of
programs in which corporate researchers are active, as ICC
members, has increased steadily from last year, which is
expected to increase the number of joint research projects
with ICC.
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6 Users and visitors

The number of research visitors was 3,216 in FY2019,
an increase of 8% from the previous year, and it is in
proportion with the increase in membership, and corporate
research involvement is expected to increase. In addition,
there were several interviews and tours from ministries and
agencies aimed at understanding the activities of the ICC.

7 Security export trade control

At ICC, export and import technologies offer transactions
that are managed in strict accordance with the Foreign
Exchange and Foreign Trade Laws.

8 Regional science and technical demonstration of
the center development project

The use of facilities and equipment developed by
the Ministry of Education, Culture, Sports, Science
and Technology's Regional Science and Technology
Demonstration Base Improvement Project (corrected in
FY2016) has increased. In conjunction with ICC, companies
that provide large numbers of evaluation samples in the
demonstration test area or that use the rental laboratory
facilities or collaborate on product development have led to
the advancement of social implementation.

9 Management of the organization for advancement
of COl research

Fiscal year 2019 is the final phase of the COl STREAM
program (the final 3 years of the total of 9 years). The
plans and progress of each theme have been confirmed,
and themes (revision of resources) from fiscal year 2020
will be further reorganized. As a result of the selection
and concentration, seven participating organizations have
withdrawn, and one new organization has joined.

After Phases 1 and 2 transitioned to Phase 3, the research
promotion system was reviewed to make the social
implementation more concrete and reliable, and new
activities were started as the system branched out into the
construction or civil engineering fields.

With regard to the operation of the center, it was suggested
by JST that securing a financial source that would enable
sustainable activities, even after the completion of the
COl program, is the most important issue encountered
by the center. Based on a plan that emphasizes on the
achievements and developments delivered to date in Phase
3, the management policy is currently being discussed with
the university headquarters.

In terms of education, the challenge is to establish an
Innovative Composite Materials Course (tentative) in
collaboration with affiliated research institutes, to attract
internships from overseas, and to collaborate with overseas
research centers. In terms of companies, it is important to
provide engineering services in the areas of prototyping
and evaluation, close to product development, in order to
promote collaboration with these companies.
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ICC was established based on the concept of "cooperation
with companies to research applied technologies and
support product development in order to use composite
materials in a wider of fields than ever". Therefore,
ICC’ s main features are large space experimental
facilities which can be able to be open-innovation
of industry-academia collaboration, living area for
researchers from companies, full-scale manufacturing
equipment. Also ICC expanded demonstrative area where
development of highly confidential products is possible,
researchers with deep experience of composite design
and production at company, engineers who are in charge
of operation/maintenance from manufacturing facilities to
advanced and diverse test evaluation facilities etc.

Taking advantage of these features, ICC launched many
industry-academia collaboration projects and started
full-scale overseas collaboration project in 2019. In
addition, ICC have begun collaborating multiple projects
with domestic universities such as Kanazawa Univ.,
Nagoya Univ., Tohoku Univ., Kyoto Univ., Nihon Univ., and
expanding the scope of activities.

1 Topics of industry-academia collaboration activities
in 2019

1) Hokuriku Composite Conference

On November 8th, ICC held the first Hokuriku Composite
Conference co-sponsored with Hokuriku Advanced
Composite Material Association (HACM). For ICC, it was
5th anniversary from opening in June 2014. For HACM, the
first chairman was professor Kimpara who is ICC’ s adviser
now and professor Uzawa succeeded the second chairman
today. HACM’s organization is industry-industry
collaboration/information exchange by companies and it
was 15th anniversary in September 2019. Taking this
timing, the first Hokuriku Composite Conference was held
for the purpose of “Net-working among domestic companies
aiming to enter composite industry”,“International
collaboration”, “Net-working among different fields and
industries” which ICC is putting importance on.

Total about 170 participants to the conference and about
120 to net-working, from ICC membership, HACM (63
companies by the end of 2019 fiscal year in Japan) and
other industry companies.

The program consisted of conference, poster table tops
from ICC membership and HACM companies and
net-working.

At the conference, professor Uzawa presented “HACM -
ICC targeting Composite Globalization.”

At the poster table tops from about 60 member companies
were exhibited next to conference room, When net-working,
such all poster table tops were utilized.
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2) Progress of international joint projects between
Japan and Germany

Continuing from FY2018, ICC had promoted the creation
of the international joint projects with the theme of applying
ultra-high-speed continuous manufacturing technology to
aircraft components, and production of high-performance
recycled carbon fiber and its industrial application. For
German side, Composites United (ex-CFK Valley) has
been responsible. In FY2019, outline of research systems,
role assignments and schedules were discussed with
participating companies and institutes for each research
item in association with Composites United.

In order to organize concrete project teams, related persons
from Germany came to Japan in the end of May, visited
Japanese companies and had a concentrated meeting
among related persons from both sides. At the same time,
JETRO Kanazawa regional

contribution project was implemented and net working was
conducted with German team and Japanese companies
other than the project. After that, using web conference
for instance, we continued discussion and settled 2 main
program team including German aircraft and transportation
companies.

The project is not only R&D but also new net-work
establishment between Germany, where the supply chain
of composite materials has been established and the
market has become expanding, and Japan where technical
capability of materials, manufacturing technologies and
equipment will collaborate.
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3) Participating Composite Meeting 2019(France) as
Japanese industry team

“Composite Meeting” in France is held every two years,
In 2019, it was held at Nantes city on November 13th and
14th and one of main organizers is EMC2 who is composite
industry cluster and has signed collaboration Agreement
with ICC. This “Meeting” is mainly business talk type
exhibition where Supplier-side participants exhibit and do
business talks/discussions with may buyer-side participants.
For attending the Composite Meeting 2019, ICC
Director Uzawa led a delegation of seven Japanese
companies to organize a Japanese corporate group as
supplier=side participants, with suppors by “Composite
Highway Consortium” (its major members had been ICC,
NCC of Nagoya Univ., GCC of Gifu Univ. and Chubu
Bureau of METI), Hokuriku Branch of Chubu METI, and
JETRO Kanazawa Office. The Japanese companies
actively engaged in business talks/discussions with a
lof of visitors during the period. Furthermore, after the
two-days exhibition, the Japanese delegation visited
“Techno-Campus” (in EMC2) and Daher’ s factory to
conduct exchanges of views with the hosts and experienced
the site-tours.
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2 Topics of education activities at ICC in 2019

The 8th “Special lectures on Synthesized Engineering” of
our graduate school was held in FY2019. The lectures have
allowed graduate students and adults to attend together,
and 10 graduate students and 8 people from companies
participated for the lectures of FY2019. The first session in
the lectures was classroom lecture on composites including
molding composites materials, reinforced fibres, matrix
resins, design and evaluation. The students had also an
opportunity to get comments for their presentation from
adult participants with the perspective of business person.
The second session focused on more practical way on
composite molding, experiment and evaluation by student
team versus company team.

In collaboration with SAMPE Japan, ICC held a practical
molding seminar to student teams, who are going to
participate SAMPE Student Bridge Contest, supported by
ICC’ s experienced engineers and researchers.

In July, co-sponsored conference was held in ICC by
Hokuriku Advanced Composite Materials Association
(HACM) supported by ICC, Kansai FRP-Forum and ICC
membership forum. At the conference, the latest trends of
composite materials, application to the civil engineering
field, examples of advanced efforts by regional companies,
and supporting measures by the Hokuriku Branch of
Chubu Bureau of METI were introduced. Information
was provided and information was exchanged that was
beneficial to the participants. The participants benefited
from the information provided and exchange of information
among the participants. This had become a good example
of the expansion of a network that activates the networking
among the regional business groups, based on educational
activities in industry-academia collaboration.

In addition, ICC conducted the second course in the
three-part introductory composites course series
organized by SAMPE Japan for new recruits in a company
or newcomers to the industry. ICC's course was on
thermosetting molding technology and particularly focused
on liquid molding technology with dry fibers and liquid resin.
Also demonstrations of the VaRTM and HP-RTM molding
were given,

Furthermore, for the purpose of HR development in a
broader sense, ICC collaborated with the local government
and external organizations from the planning stage or held
seminars for students and adults by ICC's experienced
engineers and researchers.
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¥R 31 - $f7T (2019) EFEDHZEES Research Activities in Fiscal Year 2019

EEED ICC DIFEBAFDOBIE Overview of R&D this year
FHHE EFU¥EI—T 1 %—%— Y. Saito Coordinator of Industry-University Collaboration

2019 B - COl AR 7O S LDH#EMEIRIL Status of Promotion of COl Research Program in FY2019
BAF % / 4% : T. Sekido Senior Advisery Engineer / Professor, 52 A / #i% : K. Uzawa Director / Professor

RS SR EEHNICEE T 28R

Study on dry fiber permeability measurement

ZIL ZEHUE | Y. Urushiyama Visiting Professor, #Z A& / 1% : K. Uzawa Director / Professor,
74 Hf78 : K. Nunotani Researcher, #AZ< i : H. Matsumoto Engineer

BILA—RF /77 A N—EARSOERFMARERTEE HIRRICAII7= CNF HROBAREEE - Ff - RE ~BHEHT~
2019 Cellulose Nanofiber Performance Evaluation Work Outsource Project

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

fiA #fFRE : T.Tsukegi Researcher, %87 BT / #i% : K. Uzawa Director / Professor,

XM - 8 - B[ $KEP - T. Sakuma, N. Inui, S. Noguchi Engineer

FRP O F#5|#RREHZ Pultrusion of FRP rod material
EM - I #FEE : H. Ueda, H. Yamashita Researcher, ¥z - #AZ £Z£0 : N. Inui, H. Matsumoto Engineer

WiE%BE T3 CFRP A5 RIEEREE DT Development of CFRP strand end fixing with toughness
SE - {78 WRRA : Y. Takaiwa, A. Hokura Researcher

BESBENICEIFT= FRP NRILO A MEEEFEE Evaluation of fire resistance performance of FRP panels for construction field
=% WA | Y. Takaiwa Researcher, BiF 5 / %% : T. Sekido Senior Advisery Engineer / Professor

FTIRILFFLRIZES CFRTP — MERERERS Continuous production of CFRTP sheet using double belt press
A - JtE HER : O. Ishida, J. Kitada Researcher

KEYY Ry FNRILDEFRRBRFEMDREIL Development of the continuous forming process of large sandwich panels
I FF7E : M. Nakajima Researcher

7L AR OB B EBREE MDA Testing techniques for CFRP material flow during press forming
B4 - A - RO BZEE : T. Shirai, H. Ueda, M. Sakaguchi Researcher

F=5Y AL TV 2EBWE=T L ARFOBBLEM Development of optimization technology for press molding using data science
B3 %A : T. Shirai Researcher

EoEIFIMI 7Ot ADFAR Development of partial bend=forming process
A 78 : K. Nunotani Researcher

BERIESEBAW-7S5X7ESNOBE Enhancement of plasma bonding using ultrasonic vibration
HER - 1A FFZER : K. Uemura, M, Wada Researcher

SUAF/NFEAWV-REEEEDXE Improvement of interfacial adhesion using silica nanoparticles
LT #f%2 2 : H. Yamashita Researcher

CF/PP EAMHICH T 2¥ BB (LA iPP-PAA DFRIN%HE Effect of adding new compatibilizer iPP-PAA with CF/PP composite
i #FZE : T. Tsukegi Researcher

B{ERHEER >~ 7% CFRTP TRUET 5H# LW AFP 7Rt ADREH
Development of new AFP process for manufacturing cryogenic propellant tank with CFRTP
P4 - fB4E - 1UF HFEA : H. Nishida, M, Inagaki, H. Yamashita Researcher

7A=X7 1 7DFAF Development of flow media
WA - i - & - EXR - 20 - #§4 52D © H. Matsumoto, M. Hori, N. Inui, T. Sakuma, S. Noguchi, K. Hashimoto Engineer

SR 31 - BRITT (2019) FEORRE © Achievement in FY2019

ICCAYN=2yTRBICEIFZEFEHZFDOMR

Outcomes from Industry-Academia collaboration adtivities among ICC membership program
*x kXt EBRBMEFT  Shimazu Corporation

*HEA L4 Shibuya Corporation

*x ZH LR St [ #kX44 77—~  Mitsui Chemicals, Inc. / ARRK Corporation
*xZwHH%A R4 Nitta Corporation

x(RBHTAF7Y / HREHEI5L H-ONE Co,, Ltd. / Kuraray Co., Ltd.

x40+ /\EERXS4 SUNCORONA ODA Co., Ltd.
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Overview of ICC R&D this year
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DBADHEREODBELELIC.COIDHRAERREMDLBFA
BEWICEHT 2L COEAS B RINESNAKEIEARLIZE
A%

HASBICOWTIE COITIEMEBE. BBHEIRCIHFAH
BELTHR/HIND RE-TADFICTF—HAL. SEEIL
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HTWBEZATH,

FOYRHUACEEBEREOLSFICEVWIER{LO=—
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FRPAEICE D EB#EDERIER. TN ICHS TEHMED/NEE
. THEREA )Y MIZBRKICHE2. LB LENRSBEERD
DIZFRPOTAMETHNERBEEL L THEELDEIEATE
o Z DR BB OESRIRICED ., FRPIEEDRE%200°C
MTORERA)ICHAZZENRIETELZET RITORE
BEERICEWTCHLFRPEBEMELTHVWSAIEENKECA
Mol BEAS. SREBERNEBHADEARN AT THIE
EBHI2.200°CEBADBRERE T COFRPOAZRMEIIOVT
DF-HFEFE. RBRBEICOVWTERHBL TV ETH 5,
FEHEAHNSDOT IO—F TIE250°CEBIZTgTHN H'D
80°CTRE(LH A HE A KR BE D BE R M R BT L500°CL
RILTCOMBUEERLENORBICERIFTELHEDME
[CEBEATE N IN TV S,

COIDRRDABREMICOWIR. RRBHDEE(LEEL
THELTELO—ILI7F—IVI/EMPER 7L AN E,
EPBEIOEICMEBOIL—LABHOREARELTHEIN
BZREMEB>TVDMEERTIIRRICIEALTWIMEHE
BIIRBT2HNAL—FTEIRAMMBERTNRROONT
EN EKEEHNSAIRBUSHZIZLHETZRIYERELDRARR
ERERHARNRI— T E2FETH D E-FEEHELTH
FLUTELESVS LY =IOV ERROBENATMET

Our research and development this year has greatly expanded
the fields of application and technology through the
implementation of the COIl project in construction and civil
engineering area as well as the proactive development of the
project outcomes in other industry.

Regarding application fields of the COI project, we put our
focus on construction and civil engineering sector which is
expected to be a new market after aerospace and automotive.
Followings are some of major project outcomes in this fiscal
year:

-The CFRP rod was certified as Japanese Industrial Standards
(JIS) as a seismic reinforcement material.

-Basic technology of high-speed pultrusion for fabricating FRP
rebar (basalt/PP) for concrete reinforcement was established.
These kind of wire materials (rods) are widely used in
construction and civil engineering field, and are suitable for
applications that take advantage of FRP’s excellent tensile
strength in fiber direction. Since end fixing is an issue to
further expand the applications, we are investigating and
demonstrating a new metal-free method.

Another potential market is high-rise buildings. Since flooring
materials account for a large portion of the total weight, FRP
floor offers a wide range of advantages including a weight
reduction of the upper structure, a smaller base structure, and
a shorter construction period. However, the key challenge is
the fire resistance performance of FRP and we have been
working on this priority issue since last year. As a result, we
verified that the temperature of FRP structure could be kept
below 200°C (one hour fire resistance) with the aid of the
covering material, so we can say that the possibility of using
FRP as a structural material has been drastically expanded
under the current Building Standards Act. Moving forward, we
will continue to investigate the application of FRP to specific
parts, as well as developing a new evaluation method and
testing environment for the mechanical properties of FRP at a
temperature above 200°C. From the resin side, we are
developing two types of novel resins. One is the resin with Tg
exceeding 250°C while it can be cured at 80°C and the other is
the resin almost like an inorganic material with heat resistance
at the level of 500°C, yet providing a good impregnation.

As for new applications of COl outcomes, the roll forming and
continuous compression molding technology, developed for
mass production of long parts, are promising process for
producing profiles of aircraft fuselage frame before being

Seismic reinforcement
with CFRP rod

Commercialized spike-less shoes
using random sheet

MOBVVBBAREEZAIITIRMEESN . ERAF YV VEYY
2020(C@IF =B LEEMAS 21— XDEBRA/NA 718D B
MENZHLEEERRISZMBPE L THAEINZ R Y AR—
YRR ISICBRRERSFIOVWTEARBENEATWS,
COESICRBELEHELTHRELLERMA RLICEREDOY—
7Y RARBUTWRRIRTH S,

BRIFREOR TR ICCTR EEMHNOREEELTREICT
P2EE- EHRMERTOBRIZERFTELLLINETYTIL
~RILEZ LR (DBP) REDRFEP T L AR M. HP-RTM, 5]
R BEERITFICRNBATE L AFEORATIE. NS
DEERMICMARRCRICRAL R ZRERN, REEERN
OB LD TES,

DBPOREMF - 7O LAMRITOWTIE COIBBRLTNS
DEMICENA—F—TLRICE T DERELERBAN=XLEE
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30Plyd CFEMEMHNORE6mD T/ L— % 1 HEICTmDE
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IBIIBVWTEERNIA—Y—ERZN—ITE)T1 (BRE
) ILOWTT RS (il — P ERUEFTFHEOH AR | TOER
ERDICRBORIE/ INIEF TRV BRNAT 7A—FIC
FPARHIEREINTETIWS,

RERMICELTRXROBEAPCBTZABLULFLERER
MORREL. 7L ABREOREERICOVWTEREROMEORE
REENBREFOEY I VI Ty EREREOEENSAI
LEALMRAORBEHEDFREAMEICT ZRHICRDEAT
Wd,

ELICHRANSOTIA—F CRATEIRF OHEDS
FECPHFREZNEIZCECEENDRAEPRERLICE
593MEP. 7/ MEPHEBCAICL2REMEEDE LR L,
PR T & BOE Bl RET RN AR & THUN BB GEE
LTWBZENICCOBRIZELR ST D,

CO&ESCICCOMRMAEG. TRL(RMAREL RIL:
Technology readiness levels) (CEWTET AT IV I LR
AN S LEDORRAMAEREETHN—L . KREPLEEM T
ERTELVWRERREZICOHEZEE EEEEDO ISV
7A—LELTRELTED BL4EELRHEZBTWS,

DBP and Continuous-Heater Permeability
measurement equipment

applied to the construction field. High-volume low-cost
manufacturing technology is required to meet the rapidly
expanding demand for aircraft in the aviation industry, from
this background, the international joint research with Airbus
and other German companies will start next year. The random
sheet, developed as an intermediate material, attracts
attention for its excellent moldability and high mechanical
properties and was applied as a material to realize a fine
honeycomb structure to replace the conventional metal spike
pins of sprinting shoes for Tokyo Olympics 2020. In this way,
the technologies jointly developed with companies are
gradually being applied to various markets including sports
and health.

In the technology area, ICC has developed a double belt press
(DBP) machine, press forming technology, HP-RTM,
pultrusion process and joining technology, etc. to establish
high-speed, continuous manufacturing technology that enables
mass production of composites. In addition to these
manufacturing technologies, this year we have been working
on the inspection and quality control technologies that are
essential for commercialization.

For the machine and process development of DBP, we
modeled the complex impregnation mechanism in a roller
press, furthermore, the developed direct heating device
enabled to produce a fully-consolidated laminated plate with
6.0mm thickness from a CF fabric of 30 ply at a speed of 1.0m
per minute. With this, the goal of high-speed molding of thick
plates has been achieved. It's been four years since HP-RTM
machine was installed and the knowledge about permeability
-an important parameter in injection and impregnation
process- has been accumulated based on theoretical
approaches as well as on-site molding know-how, mainly via
our working group activities.

For inspection technology, we explore a new testing
technology using x-ray scattering and refraction. Regarding
quality control of press molding, we have been working on a
technology that can predict product quality by using Al based
on the relationship between the quality of molding and sensing
data such as the flow of the material in the mold, pressure and
temperature.

From the materials side, the ICC's strength lies in the
seamless linkage between materials technology,
manufacturing technology, design technology, and evaluation
technology, including efforts to improve productivity and quality
by controlling the molecular weight and molecular cross-linking
of thermoplastic epoxy resin, and improving interface
performance through the use of nanomaterials and
compatibilizers.

In this way, our R&D covers a wide range of areas from
academic research to product development at the TRL
(Technology Readiness Levels) and such efforts have become
increasingly important since ICC can provide a solution to a
challenge that cannot be overcome by universities or
companies alone, by functioning as a platform for
industry-academia/industry-industry collaboration.
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Status of Promotion of COIl Research Program in FY2019
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Molds by Roll forming
(Continuous molding technology)

- = Ly J -, -
“ ‘ | !' “
Intermittent Press Molding Machine _

(Continuous molding technology)

Phase 3, which began this fiscal year, is the final phase of the
process from demonstrative development toward
commercialization, resulting in the social implementation of
applications. Up to Phase 2, the systems centered around the
basic technological development team and the task team have
been reorganized. Reconsidering further modification of the
resource allocation in order to increase the possibility of
commercialization of the results, we intend to make selective
changes to the system this year that would be implemented in
the following year. Accordingly, we have established a system
that puts maximum effort into the development of FRP
reinforcement rods, which will be implemented next year. In
addition, in Phase 3, following the end of COIl, we are
considering the development of human resources through
collaboration with the university's education system and the
establishment of a system that will support the engineering
development required by the industry. Based on engineering
development, we have aimed that the services not be limited to
collaborative research frameworks in conventional universities,
such as acquisition of physical property data and design /
analysis support, as we intend to meet the demands of the
industrial world while ensuring profitability. We plan to secure
human resources and continue studying the aforementioned
requirements in the future.

The establishment of CFRP rods as seismic strengthening
materials by demonstrating JIS as a composite material is a
major achievement of this year; therefore, its application will be
expanded. Further, the basic technology of pultrusion molding
of the FRP rods has been established. The assumed physical
properties can be confirmed by conducting a loading test of
slab floorboards in collaboration with a major railway company,
and in time, it is expected to have many practical applications.
The most significant issue regarding FRP panels for
construction is their fire resistance, and it has been verified that
the performance of the covering material can improve heat
resistance to 200 °C in 1 h, Therefore, it can be concluded that
applying FPR paneling leads to positive results.

Further, in a collaborative project that supports the deployment
of developmental results, continuous molding technology,
which was developed as a mass production technology, is
gaining much attention as a high-speed manufacturing
technology to meet increasing demand for aircraft construction.
Random sheets have been commercialized for usage as a
substitute material for spikes of the track shoes. As the result of
multiple COls spreading across a wide range of fields, we will
continue to support these collaborative projects.

For social implementation, the next most important goal is to
apply FRP rods; we are proceeding with discussions on
equipment installation and technology transfer to several
companies. Kanazawa University has signed a cooperation
agreement with Japan's largest manufacturer of cellulosic
resins regarding the development of cellulosic resins derived
from biomass, which may be considered a major step toward
commercialization.

RS RUEETRICET 0%

Study on dry fiber permeability measurement
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Vent BC

s PAM-RTM
(A) Equipment (B) Model

Experiment Process

1.Injecting testing liquid from center of upper side.

2.The liquid is pushed into the textile through the center hole.
3.The liquid spread out from perimeter of textile.

4.The liquid is discharged from the discharge port (yellow circle in the figure)

Figure 1. Setups for EASYPARM Equipment and PAM-RTM Model

AL X /R He BE
Yata Uhushiyama Kigoshi Urava Katsuhiko Murotari— Hioki Matsumoto

Engineers who are active in different fields have focused on the
permeability of fiber-reinforced resins. They have strived to
study and achieve integrated applications in various
engineering fields. In order to improve the productivity of
composite moldings, acceleration and stabilization of
impregnation performance is required. In addition, it is
important to understand the invasion performance of the
substrate in the overall view of design, manufacturing, and
quality control. For this impregnation, permeation (permeability)
is generally used as an evaluation factor for fiber textile
invasion in the field of composites.

Researchers have discussed dynamic permeation with applied
resin pressure. In particular, pressure nonlinearity and time
dependencies due to micromechanisms were discussed. These
results are helpful in mold design but are particularly difficult to
grasp using the conventional measurement methods.

Given below is one of these annual topics. It is important to
have an in-depth understanding of measurement technology.
Furthermore, academics must not consider the measuring
machine a black box. Here, the measurement method is one of
simulating the flow in the measurement cavity of EASYPARM,
which is the measurement device for permeability. Figure 1
shows the measurement cavities and simulation models of
PAM-RTM. Figure 2 shows the experimental resin pressures
when the resin is flowing in the cavity. It also shows a
comparison with the simulation pressures. In these analyses,
the pressure increases in the experiments and calculations are
qualitatively consistent, but not quantitatively. When we
analyzed them, we understood that there were measurement
techniques available in the acceptable range for many real
molding methods but were different from the permeability
measurement methods that aimed at single-mindedly improving
the accuracy.

From this result, we were able to obtain the required knowledge
to rationally balance productivity and the level of demand,
including the molding process before and after. It is becoming
possible to systematize various phenomena in resin-transfer
molding, and apply a logical and engineering approach to the
molding technology field which was hitherto thought to be an
accumulation of experience and know-how.

(A) Pressure result of PAM-RTM (B) Comparison between sym. and exp.

Figure 2, Analysis examples;
cavity pressures during process of permeability data acquisition
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2019 Cellulose Nanofiber Performance Evaluation Work
Outsource Project

(Proving, Evaluation, and Verification for Introduction of CNF
Materials for Social Implementation -Automotive Field)
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1. Aim of the project

In the automotive field, applications (materials and parts)
were proposed for utilizing the properties of cellulose
nanofiber (CNF) and a thorough evaluation was conducted of
the full process from material to automotive final product for
resin materials that use or are composites with CNF. The
aim of reducing carbon dioxide emissions by improving
energy efficiency through reducing the weights of parts and
products.

2. Development and evaluation of large CNF parts

We applied resin transfer molding (RTM) and evaluated large
parts, such as engine hood made of CNF, for the Toyota 86
at Toyota Customizing & Development and Kanazawa
Institute of Technology. A weight reduction of approximately
50% was confirmed, compared to conventional products, and
the rigidity was 1.4 times higher than that of the aluminum
parts. The project will continue with the aim of achieving
further weight reduction. The world's first nanocellulose
vehicle concept car, made from skin and skeletal members
using plant-derived cellulose nanofibers, was exhibited at the
Tokyo Motor Show 2019. Shinjiro Koizumi, Minister of the
Environment, visited the booth together with Toyota Motor
President Akio Toyoda, and the topic of applying CNFs for
automotive manufacturing is received a high level of
attention,

This NCV project was by Ministry of the Environment
Government of Japan. We thank everyone who participated
in this consortium.

Figure 1.World's first nanocellulose concept car
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Pultrusion of FRP rod material
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Molding speed : 0.8 m/min

\ Length of mold : 0.5m  Polymerization time :
1 min or more
7 mold V '
Resin bath
In-situ polymerization resin (Cor ional process)
Roving heater
Molding speed :
1m/sec (target)

Water bath  Impregnation head Extruder
Thermoplastic (New process)
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This study focuses on the development of FRP reinforcement
bars for concrete using pultrusion as a substitute for rebar, The
goal is to achieve high speed molding of FRP rod material that
is long-lasting, corrosion-resistant, lightweight, and
inexpensive. Figure 1 shows the conventional pultrusion
process using thermosetting resin with in situ polymerization
resin and the proposed pultrusion model using thermoplastic
resin. In the conventional method, a monomer is used as the
main agent. As this requires a long period for the curing and
polymerization processes, it is difficult to increase the molding
speed. Our proposed method uses a melt impregnation
method, which speeds up the overall process. Moreover, by
pulling out the roving fibers while applying the twist, it is
possible to suppress fuzzing of the fibers and obtain high
convergence. This makes high-speed molding possible, with
the targeted molding speed of 1 m/s (3600 m/h). The material
used was polypropylene (PP), which is an inexpensive material
and has excellent alkali resistance as a matrix polymer. Alkali
resistant glass fiber (GF) and basalt fiber (BF) were used as
the fibers.

In FY 2019, we evaluated several prototypes and examined
GFPP and BFPP with 4 mm rod diameters and 40 to 50% fiber
volume content (Vf). For device development, we developed
different prototypes by changing the yarn path of the roving
fiber. The mechanical properties of BFPP were measured using
tensile testing. To examine the concrete structure, an adhesion
test of BFPP and concrete, and a bending test with large
deflection were performed (illustrated on the cover of this
magazine). Figure 2 shows the 3D X-ray microscopy images of
BFPP with a Vf of 40%. By improving the shape of the nozzle
and the yarn path, the yarn breakage of the BF was reduced,
and the roundness of the rod was improved. In addition, a
consistent molding speed of 600 m / h was achieved by
improving the manufacturing equipment. The tensile properties
such as elastic modulus was approximately 40 GPa while the
tensile strength was approximately 820 MPa. With the help of
Komatsu Matere Co., Ltd., we performed warping using strand
processing. In addition, we also examined the BFPP which has
the same bundle count as the material that was warped using
Strand Processing (Figure 3). Compared to the previous year,
the improved Vf makes the strands more flexible. This makes it
possible to process strands of 100m or more.

STO% 309 5 poas/ AN ST e, MR

Figure 2, Figure 3.

The 3D X-ray The BFPP with increased diameter by twist
Figure 1. Pultruding model .

microscopy photographs.
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Development of CFRP strand end fixing with toughness
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Figure 1. The end fixing by CFRP socket
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Carbon fiber reinforced thermoplastics (CFRTP) strands,
researched and developed by the ICC, are being applied to
real buildings as seismic reinforcement members and are
being recognized as JIS products. At present, the end
anchoring part, which requires an expected level of toughness,
is combined with steel. However, this detracts from the
features of CFRP such as its non-condensing property.

Many of the existing wooden buildings using seismic
reinforcement are cultural assets, and the construction timber
is also very valuable. For this reason, there is a concern that
corrosion from dew condensation on steel may occur, and
there is an urgent need to develop a non-condensing end
fixing portion. In addition, the seismic reinforcement of existing
wooden buildings uses a design that allows for large
deformation and thus needs performance that requires
toughness of members.

To solve the problems of brittle fracture and dew
condensation, which did not impair the features of CFRP, ICC
developed an end-fixing part using a CFRTP socket via a
thermal welding method. In the course of its development, it
was confirmed that the strength of the socket was relatively
high when the direction of the socket fiber and the direction of
the strand fiber were matched; however, the socket was brittle.
It was also confirmed that increasing the temperature and
volume increased the strength. These research findings have
already been published in academic circles.

In the future, we will construct data to support long-term
durability evaluation through accelerated tests, conducting test
adaptation to actual buildings and long-term structural
monitoring. It is thought that these steps will contribute to
further improvements in reliability and encourage the
adaptation of the product in many construction fields.
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Figure 2. Test force - displacement relationship
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Evaluation of fire resistance performance of FRP panels for construction field =E Bt
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Table 1. Specimen

Test No. Specimen Foamed Heat Endothermic
Time Name Insulating Layer® Layer®
1 SK0.9 0.9mm
2 SK1.5 1.5mm -
I 3 SK3 3mm
4 GR8 - 8mm
1] 5 SK3/GR8 3mm 8mm

#A numerical value shows thickness.
a) Foamed heat insulating layer is SK Taika Sheet (SK KAKEN Co., Ltd.)
b) Endothermic layer is Tiger Glass Rock (YOSHINO GYPSUM Co., Ltd.)

1 1
Temp.(*C) —— SK3/GR8 5
—— SK3 i

800 ~=--- GR8 ;

600 |__(about 5 minutes)
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Fiber reinforced plastic (FRP) is expected to be useful as a
structural element in construction applications owing to its light
weight and high strength. However, adaptation of FRP is
difficult because it undergoes thermal deformation at low
temperatures.

Therefore, ICC is conducting research and development of
composite panels with fireproof performance to facilitate the
adaptation of FRP in construction applications. First, we report
the findings obtained by conducting a heating test of a
composite panel using a no-load test.

The fire resistance test was carried out with an effective
heating surface size of 400 mm2 by placing a test sample with
a plane size of 450 mm2 through a jig on the upper surface of
a heating furnace of approximately 1 m3.

Table 1 shows the specifications of the specimen. Composite
specimens were prepared by combining a foamed heat
insulating layer (SK3, SK1.5, and SK0.9) with a GFRP plate
(GF/UP / thickness 2 mm / Vf = 30%) and a heat-absorbing
layer (GR8). It was fabricated and heated for 30 min.
Additionally, to confirm the effect, we fabricated a composite in
which a foamed heat-insulating layer and a heat-absorbing
layer (SK3 / GR8) were combined with a GFRP plate.

The test results confirmed that the thickness and heat
insulation performance were almost proportional to the heating
time, up to approximately 15 min, but the temperature of SK3
rapidly increased after 15 min. An endothermic reaction was
confirmed in GR8 after a heating time of 5 min. The
temperature rose again after approximately 8 min. Immediately
following the test, it was confirmed that the foam insulation
layer of SK3 dropped. SK3 is the thickest layer (3 mm thick);
when the temperature rose rapidly, the material was
considered to have dropped off at the stage when it softened
and formed a carbonized layer.

Figure 1 shows a comparison of the back-surface temperature
when combined. The results of the test confirmed that the
foamed heat-insulating layer did not fall off during the test for 1
h. This is presumed to be a combined effect in which the
crystallization water that evaporated from GR8 was cooled by
passing through the foam insulation layer.

These findings suggest that composites can provide the fire
resistance necessary to adapt FRP as a structural element in
construction applications.

Endotherinic time : drop out

/k About 30 times:

Endothermic time increa: by com nodaﬂochi Time(min|
0 10 20 30 40 50 60

Figure 1. Temperature on the heated surface of GFRP
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Continuous production of CFRTP sheet using double belt press
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Figure 1,1 High-Speed molding Process Model

QO

Top Upper Center —— Center Lower Center bottom
300

250
200
150
100

50 /

0
0 20 40 60 80 100

Material Temperature [°C]

Figure 1.3 Heating profile of Preform (for 6mmt CFRTP)
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ICC is developing a low-cost, high-quality production process
for the CFRTP sheet using a fixed-roller double belt press
(DBP) that enables continuous impregnation with
thermoplastic resin. The project was concluded this year. Two
topics are discussed subsequently.

1.Continuous pre-heating system

Based on the high-speed molding process (Fig. 1.1), the
prototype machine for the continuous heating system has
been installed (Fig. 1.2). The machine consists of a special
induction heating system and double-Teflon belts (Fig. 1.3),
which provide continuous heating capability (patent-pending).
Carbon fiber materials can be heated efficiently by
electromagnetic induction induction heating without thermal
conduction through the thickness. An experiment with 6
mm-thick—CFRTP-sheet production with this pre-heating
machine was conducted using DBP. The void content of the
product (Fig. 1.4) was 2—3%, which should be improved.
However, we have achieved a production rate of 1 m/min,
which is five times higher than the normal production rate
using DBP.

———

Figure 1.2 Continuous=Heater for CF Prototype Figure 1.4 6mm CFRTP
(molding speed: 1m/min)

2.Investigation of the impregnation process under a roller

A theoretical model was developed for impregnation and
in-plane flow during the compression process of film stacking
materials. Based on the results, the impregnation process
under a roller was studied using PAM-RTM™, and the effects
of the process conditions (such as belt speed, belt gap, and
viscosity) on the resin pressure, impregnation, and in-plane
flow were evaluated. Fig. 2.1 shows the effect of the belt
speed on the pressure in the resin layer while the material
goes under a roller. These results clarify the complicated
impregnation mechanism and contribute to the optimization of
the double belt press process.

Belt _ v
ey

in-plane flow

2mm/s

Resin pressure (MPa)
~

/. 2 DX
/ N
o

Process direction —»
Figure 2,1 Simulation of the effects of belt speed on resin pressure.
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Development of the continuous forming process of large sandwich panels & IEE
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Figure 2.Appearance and cut=section of sandwich panel after forming

Figure 3.0verview of continuous forming machine studied by IPCO and ICC
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Masanori Vakajima

To clarify the issues related to the double-belt style continuous
forming concept selected in 2018FY for low-cost
manufacturing of sandwich structures used in civil engineering
and construction, such as floor slabs for footbridges and wall
and floor panels, in 2019FY, we performed a small
modification to the existing double-belt press and conducted
demonstration testing. As a result, the prospect of achieving a
forming speed of 30 m/h on 1 m-width sandwich panels was
proved.

+Demonstration test of the continuous forming of the sandwich
panel by double belt press

In the continuous forming test of the sandwich panel using the
double belt press, a polylactic acid foamed core material
(AC-Tech), manufactured by JSP Corporation as the core
material, and a low-temperature curing epoxy resin prepreg,
manufactured by JX Nippon ANCI Corporation as the skin
material, were used. Sandwich panels (width: 0.5 m; length:
1.2 m), after continuous forming (Fig.1), had good appearance
(cut section (Fig.2) adhesion of the core/skin interface. Owing
to the relationship between the prepreg curing conditions and
the heating zone length (2 m) of the ICC-owned double belt
press, the maximum continuous molding speed was 24 m/h.
However, without the limitation of the ICC press, appropriate
variation in the prepreg (matrix resin) curing conditions and
optimization of the forming machine heating zone length
confirmed that a target continuous forming speed of 30 m/h
could be achieved.

+Study of a continuous forming machine for sandwich panels
In a study on the development of a continuous forming
machine for sandwich panels, we discussed the problems and
solutions of the existing double belt press with IPCO. The main
solution indicated the need to use a pressure-controlled
system for heating/cooling zones to prevent breakage of the
core material, replace the steel belt with a reinforced Teflon
belt, and include a preheating zone before the heating zone.
The development machine is outlined in (Fig.3).

Since the development of this equipment is frozen in the COI
project, detailed studies have been suspended. Going forward,
we will coordinate the promotion of activities other than COI
with those concerned.

610Z W3 D51 0 S Youwasay
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Testing techniques for CFRP material flow during press forming
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The difference in the characteristics of fiber composite
materials, such as CFRP, and those of metallic materials or
plastic resin is that the fiber and resin materials change their
fiber orientations as they flow in the molding die during the
molding processes, such as press molding, so the mechanical
properties before and after processing are different, and that is
the large difference for metallic materials or plastic resin. As a
result, the product shape and quality are processed at the
same time in the CFRP molding process. CFRP is a
complicated material in which the product quality, such as the
product shape and mechanical characteristics, significantly
vary depending on the setting of the manufacturing conditions.
Therefore, it is important to understand how the fiber and resin
materials in the mold flow into the product shape when
considering optimizing the manufacturing conditions of the
CFRP molding process.

This research aims to test the material flow state in the mold
during press molding of thermoplastic resin CFRP to obtain
data that assist the development of evaluation techniques and
the construction of a material database by using the testing
machine results to simulate the press molding machine
results. The method of testing material flow is to measure the
compressive load and displacement using a static testing
machine with the size of the test piece to obtain the material
flow under the compressive load of the press molding process
in detail and to measure the material properties of the resin
such as melt viscosity. Changes in the fiber orientation of the
material are then analyzed. A test was conducted for
simulating the actual press molding of the product using a
2000 kN press molding machine and various test dies, as
shown in the figure 1. ICC is working to expand various test
molds for CFRP press molding, and it can perform test
evaluations using flat plate molds and various molds that
measure the in-plane flow of a 500-mm square with pressure
and temperature sensors. In Japan, the technology for
acquiring basic material properties, such as material flow
characteristics, during press molding is not ready for trial
production and mass product molding using a press molding
machine. ICC can significantly contribute to the development
of a mass product molding technology for CFRP products.
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Figure 1.Material flow experiment of press molding using a testing machine
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Development of optimization technology for press molding using data science

CFRPZL AR DERERFEROZFUHRELLRFEOFEHELL
CTF—=9H ATV AEMERWEHFLWRBELECFEZORAR%E
ToTVWRERFETE . FAEFMOBDIBRLUICKDRESRHE
DR RFEINTWENA . COFETEMRPRERED
INSYFITHS BRZBRERERNEONKICIE, BUREEFME
DRNVELETIBDELNHDIEEICHENABCELVWRESRSG
ERBIENVEETH I AART —VTlE. L AR REI(C
EHL-EB@t U BRELEICREIETROREREBELE
HEXTOALABAIZBELNASYFHESHEPREEY
TR U THEHICRBALBSEREEHE TR LRITEREEBEL
TW3. ZDEMBEL LT REROT —ME BT &
REOEE. ZLTINOAYERMOMREEED TE N LR
LR EENEEERTOOE D THZ. ALR—RTIES
L AR REN BB EDOMERTICOVWTENT %,

CFRPO#mSM IIMBER M E KRELERMHD . FEDOIER
THRHAAICHTHMERADORE THBTEHN BT .81
FEGMET—/HBREDS VY LAY —MNIMBEOREBA K
EL T LABREFEORBENE LW R THZ.R1E. TV
FLhy—baRBDZTILVABREHEFGTCRAELZREROH
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EEEHTTRLTSH FHAER (EERT) OMERR (6=90
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T TR BREROUBERE L, SBESE ORI MR
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EEA2HERO BREZBEOEBEERAEL VI aL—YaY
TRHTWS,

a) before press a) 8 MPa
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0 d) 24 MPa

X y

X-Y (in planc)
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In recent years, data science technology has been applied in
various manufacturing processes, and we are also studying its
application as an optimization method for the mass production
conditions in the CFRP press molding process. In this
research, we studied novel techniques that could control
manufacturing conditions based on information from various
sensors mounted on the press molding die. We estimated the
molding condition and quality during molding and built artificial
intelligence (Al) for the optimization of CFRP manufacturing
conditions. Technical issues in this research were data
acquisition analysis during molding, the quality evaluation of
molded products, the development of judgment technology for
these, and the material evaluation technology. This report
introduces a technology for estimating the condition and
mechanical properties of press-formed products.

The mechanical properties of CFRP are closely related to the
fiber orientation and change considerably depending on the
ratio of fiber orientation to the direction of the applied load. For
example, a random sheet with a discontinuous fiber tape
laminated structure has good moldability, but the material flow
is large, and it is difficult to optimize the press molding
conditions. The figure below presents the fiber orientation
analysis results of molded products formed by molding random
sheets under different press forming load conditions. The fiber
orientation analysis results show the fiber orientation in the
out-of-plane direction by color. Red is the in-plane (laminated
surface) fiber orientation (6 = 90° [deg-RSB -]). The direction
from yellow to green increases in the out-of-plane direction.
This shows that the fiber orientation (6 <90 ° [deg-RSB -])
becomes large. When the press load condition is increased
from 8 to 24 MPa, the fiber orientation in the out-of-plane
direction becomes larger than that of the material before
pressing (before pressing), and the tensile strength decreases
significantly. The change in mechanical properties of the
molded product, depending on the press molding condition, is
a major feature of the fiber composite material. In this
research, we studied a method to determine the mechanical
properties from the fiber orientation of the molded product and,
in combination with the material flow evaluation method during
press molding, estimated the fiber orientation change
according to material flow and predicted the mechanical
properties.

Figure 1.
Analysis results of press forming load fiber orientation
change of random sheet
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Development of partial bend-forming process

RE.KEMERYBLCBITETSZXF Y7 (CFRTP) D%
DRE7ALR(E. CFRTPEEY — hO2&NeSBERL
EMBRKICED7OEREZREFLLTEN E—9BEPTL
ABAESLUSBETERECKD BRTEPREICH N H
3. Z_C. AL, BHHTEERTRRPRBEDOERCFRTP
BEBHAOHEBAEZENE LT EAIEMBREEMNIRFETHL T
HABAMIMI 7O CADMAEEEDTWSBoIFMT
70tR(E ERCFRTPHEEREZ SO CMMBRE L. dhlf
MIZBIMITIALRTHD, REBES TEMTHZ. LD
L. EZA7OtRE BELEOARYBFHRENTVS 8. dlf
MIBORABRECLDBTIINERENZ  BEMEICS
WTY7E BEREEZETIAZI LA —RMICASATYL
2. AMETIE. 74—V IV Ial—YavaERVEBI S
MIICEBVIRBOFA. OOHEEBHNSEOFME. LU
ZOVIHEERRICKERSEZ-HOFLMIFMIIOER
DREFEERBLTWND,.

H1ICFESFMI7OCLRORR"ERS Ao mMEEni
CFRTPH#/EMR (3K-CF twill woven / PA 66)(%.1. EfEE
tE:EfM TR (Compression tool) XY 7L —VvIE
(Membrane tool) IC&DEMEN. 2. IIFE{EHETE
(Push-up tool) IC& D EIF SN, 3. BHEL: EMOERRL
FRETHHABELENZ. K21 8MIFMIN(@)¥yIaL—
2aveE(b)RRICKZVIDHEERT RSN TIDE
BN IaL—2avVICENBRTETVWRIEN DN B E.
ERBECMITHEOHBIAIVIICED. O7DOBENRER
BIENDD Tz THIF, ATOERF V7 DHEELNAIEETH
BEETRBLTVWS,

BLoBIFMI7OCRICEZV7E2ECHABRELVaRTMER
7 (3K-CF plane woven / Epoxy) IC&k2 V7% EFHWHR
EOHREFR(ASTM D6415M) DR EE3ICRT . B4 dhIF
MITICEBEBRIEKIZ. VaRTMABRTE ICH AT & (CBS) 1365%
BETHLZDN VVICEDMEBEL-OICHIEIZE V.

LDV IaL—YavPNMIRR ARERICKD A
RCRETHHA/BSMIT /O (E, BHFTELRORRY
READERCFRTPAIMBHDEIR A OBELMIFE
ELT D LAHELNHZEER S,

Impregnated laminate material +—

Material melting area /

Partial heatin,

General molding processes for CFRTP are based on the
process of heating the entire CFRTP laminate and then
compression molding by metal molds. There are restrictions on
the molding size and part thickness owing to the mold size,
heater capacity, and press capacity. Therefore, the purpose of
this research was to develop a partial bend-forming process
that enables low-capacity heating and a low processing load
for application in long and large thick CFRTP structural
members with a simple cross-sectional shape. The partial
bending process is a process in which a thick CFRTP laminate
is partially heated and then partially bent. The processing
principle is highly simple. However, in the process, wrinkles
always occur in the laminate because of the difference in the
inner and outer circumferences of the bent curve. It is generally
known that wrinkles in a laminated structure deteriorate the
mechanical properties. In this research, for the partial bending
process, wrinkle shape optimization used simulations of
forming and structural mechanics and the development of the
process to form the intended wrinkle shape.

Fig. 1 schematizes the partial bend-forming process. The
partially heated CFRTP laminates (3K-CF twill woven/PA 66) is
(1) compressing motion: compressed by a compression tool and
a membrane tool, (2) bending motion: bending by pushup tools,
(3) cooling and solidifying: solidified by cooling while holding the
compression force. Fig. 2 shows the wrinkle shape obtained in
the (a) simulation and (b) experiment by partial bending. It can
be seen that the shape of the wrinkles formed can be simulated.
It was found that the wrinkles formed in the bent part have
different shapes depending on the start time of the compression
and bending motion. This suggests that the wrinkle shape can
be controlled in this partial bend-forming process.

Fig. 3 shows the strength test results of the specimen with
wrinkles, formed by the partial bend-forming process, and the
specimen without wrinkles, by VaRTM (3K-CF plane woven /
Epoxy). The strength test was performed according to ASTM
D6415M. The strength of the specimen produced by the partial
bend-forming process is approximately 65%, compared to
molded by VaRTM, but the stiffness is high owing to the
increase in thickness from wrinkles. Therefore, the partial
bend-forming process proposed in this study has significant
potential as a low-cost and simple forming process for long
and large stiff member of CFRTP with a simple and thick
cross-section.

1500 VaRTM
=  (CF/Epoxy)
= Partial
'.‘:5' 1000 bend-forming
= (CF/PAG6)

500

Applied moment/
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4
—<I Bending tooIJ—

Upper Die [ F \ i

N v - - N\ /o -

- “ 2 4

L » ' & 'r ¥

Membrane tool
1. Compression 2. Bending both sides (a) Simulation

Figure 1. Schematic diagram of partial bend forming process Figure 2. Sections by partial bend forming

26

0 5 10 15 20
Deformation angle[deg.]

Figure 3. Results by the CBS test
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Enhancement of plasma bonding using ultrasonic vibration

TS5AREEIETIAVBRHICEDFEM LN -EEERED
REEFBLE-ESTHN BAIEEMEEBARETICEST
BZENTHETH D,

LD L. CFRTPHOERICIZ EEBEMB LS SICEEEM
ABZRENBHD. NS ERBEEBOIZITRILMBATN
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— A BERABEIEARAEICERRERESEIEASE
T.RAUCCF/PA6(t2mm) DESICIZH 2 BomiRE TMPa
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U1,
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KE-RREVOBEENEREED D FETH 5,
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Figure 1. Combined process of plasma bonding and ultrasonic welding
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Kimihiko Uemura Michiaki Wada

The plasma bonding utilizes a reaction among functional
groups activated by plasma irradiations and can bond
thermoplastic materials without melting.

However, jointing the CFRTPs by the plasma bonding requires
heating the joint and applying high pressure. This is not only to
increase the bonding temperature but also to bring the
functional groups of the heated and softened members into
close contact with each other. The process for applying the
time required for this heating and the application of high
pressure and its deviceization are the subjects of practical
application of plasma bonding. For example, when jointing
CF/PA6 (t2mm) materials, heating with a hot plate requires
approximately 20 seconds, and the process of reaction for
jointing requires a pressure of approximately 10 MPa. On the
other hand, ultrasonic welding is a jointing method that
generates frictional heat at the jointing interface, and the same
CF/PA6 (t2mm) jointing can be joined by vibration for
approximately 2 seconds together with a relatively low
pressure of 1 MPa, Therefore, we considered combining the
plasma bonding method with the ultrasonic welding technique
to devise an improved method.

Figure 1 shows the concept of jointing by two jointing methods
and their combination. After irradiating the bonding surface
with plasma, ultrasonic vibration was employed for 1 second,
and a pressure of 1 MPa was applied. This gave rise to a
higher bonding force, which helped to achieve a significantly
faster and low-pressure bonding process (Figure 2).

This technology can be applied to moving continuous jointing
(Figure 3), and in the future, we plan to apply it to the jointing
of large and long members.

Heating time 20 seconds  Vibration time 1 second

25 Pressure 10 MPa Pressure 1 MPa 25
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Figure 2. Comparison between conventional plasma bonding
and combination method
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Improvement of interfacial adhesion using silica nanoparticles

WESM R (FRP) OBBHREICKEERESZIHER
DIDICHMBEEBWEORAICE 2 BEBRMEINEFOND (T,
RUZAELY (PP)REDBAERMEEYN)vIRELS
FRPIZEWTIZ, ZDRE P (ZRk R (CF) A5 28k (GF)
DREICHFETIKBREDHILRFEGEDERELEART
HELEHEZAL VRV S M ORMBERENZ LWV
Wo-MBEEH 2. COBRKE L TRABAENRFSETE
2o ZDHELTCFREANDY A DV JRAIDRE R WIS ICIEE
EAZERNT 2LEDFENHINBRDOVERIEIBOLNG
Dol & BEE7SAVRERAY VBT HZETER
BAEBATEIAELHINABCFEANDDND+DEREE
BUENBONGI ST UD L BRABRERFEDIUATF/
RFECFRAICH—ICHBESE S L TPPECFORMmMBERE
NEAETZIEERHLEDTENT 5.

CFE.T7002 91V /RAIDREETHT . ZTDFEHEEAL
7=o PPIZWINTEC(WSX03) A L 7=,
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TR REZHRKEICEHLIL AT/ RFECFERIBL.M
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HBIENTEL. OV AF /NFESBEEBICFEPPD T
ZUAVT—YavERETVW. FEEEEICOWTFMLE
(B2)e VAT /HFECFRAICHBESEZET REALA
B ENRATH3AER LUz ChE 2V AF / RTFORE
[CHFHET I KREELCFAEEHRBICE>THAL. YRV IR
DPPIFZIVAF /HFDT Y H—HRNFERT B ET.CFE
PPOREBEEUNE LLI-EEZONS. COFEEBVHIL
T MEICCFEPPOREEBRUEBOHIELNTE PPEYH
Dy IREL-EEMROBMERIICBRTES,

Figure 1. (a) Silica nanoparticles (30 nm), (b) CF,
(c) CF with silica nanoparticles

W 18
Hisashi Yamashita

The interfacial adhesion between resin and fiber has a
significant influence on the mechanical properties of
fiber-reinforced plastics. Polypropylene (PP), which is a
thermoplastic resin, has no polar groups, such as carboxyl and
hydroxy groups, in its structure, Therefore, the adhesion is
poor because no interaction occurs between the fibers (carbon
fiber (CF) or glass fiber (GF)) and PP. As a method of
improving the interfacial adhesion between the resin and the
fiber, they added a compatibilizer and applied a sizing agent
for PP, but high cost and sufficient adhesion could not be
obtained. There is a method of introducing a functional group
into the resin by treating it with plasma or ozone, but no
sufficient effect was obtained. We have found that by uniformly
dispersing silica nanoparticles on the CF surface, the
interfacial adhesion with resin is improved, and we report on
the results.

CF used T700 (the sizing agent was not removed). PP used
WINTEC (WSXO03).

Figure 1 shows an SEM image of the silica nanoparticles
dispersed on the CF surface. By using silica nanoparticles
whose surface was modified to be hydrophobic, it was
possible to disperse uniformly the silica nanoparticles on the
CF surface by stirring with CF and heating/pressurizing. The
interfacial adhesion between CF (modified with silica
nanoparticles) and PP was evaluated using a fragmentation
test (Figure 2). In the case of CF modified with silica
nanoparticles, the interfacial shear strength was improved
about 3.4 times as compared with unmodified CF. This is
because the hydroxyl groups present on the surface of the
silica nanoparticles and CF were bonded by interaction, and
PP produced the anchoring effect of the silica nanoparticles. It
is considered that these effects improved the interfacial
adhesion between CF and PP. It was possible to easily
improve the interfacial adhesion between CF and PP using
silica nanoparticles.
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Figure 2. Fragmentation test of CF and CF/silica nanoparticles with PP
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Effect of adding new compatibilizer iPP-PAA with CF/PP composite
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Figure 1, Interfacial shear strength by FT

Introduction

It is widely accepted that carbon fiber reinforced thermoplastic
(CFRTP) not only is light and strong but also offers low cost
and high recyclability. However, polypropylene (PP), which is a
thermoplastic resin, does not have a surface functional group
that can contribute to the adhesion between the resin and the
fiber, and thus, it has poor interface characteristics that
contribute to the strength of the composite material. In this
study, we investigated the improvement in the interfacial
properties of CF/PP composites by adding a compatibilizer to
improve the compatibility between the resin and the fiber.

Material

PP (Novatec FY6: Mw = 776,000 MFR = 2.5) and CF (T700 /
12K) were used as the reinforcing material. The sizing agent
applied to the CF surface was removed because of poor
compatibility with the compatibilizer, Maleic anhydride hydride
(MAPP) (manufactured by Sanyo Chemical Industries, Ltd.
UMEX 1010 acid value: 52 Mn: 42,000), newly developed
isotactic polypropylene-polyacrylic acid (iPP-PAA)
(manufactured by SANEIl Kogyo Co., Ltd.: Mn:
4,000-23,000-4,000). As a thermal property, the crystallinity of
PP / MAPP was evaluated using a differential scanning
calorimetry (DSC). As a result, the degree of crystallinity was
confirmed to be approximately 2-5% lower than that of PP
alone. It was confirmed that iPP-PAA was entangled with the
lamella structure of the PP crystal structure, and the
crystallinity was improved by approximately 8-9%, compared
to PP alone.

Evaluation

Fig. 1 shows the results of a fragmentation test (FT). The
evaluation was performed from the viewpoint of the difference
in the compatibilizer and the amount added. Compared with
MAPP, iPP-PAA was confirmed to have an improvement of
approximately 69.0% when the compatibilizing agent was
added and approximately 24.8% when 10 wt% was added.
Thus, iPP-PAA was suggested to be useful as a novel
compatibilizer. Figure 2 shows the interfacial adhesion
mechanism,

+ <« MAPP (Existing compatibilizer)

Break

o IS N, O

ervstl__ & oy N/ NN
Fiber Q Fiber )

Segregation at PP / CF inferface  Destruction near PP | CF interface (Inferfacial destruction)

__ IPP-PAA (New compatibilizer)

L\
v l “Cryst Brea
PP

i ol AL me i/ b
B ——) Qi

Crystallized with PP matrix Destruction with PP matrix (cohesive failure)

Figure 2, Interfacial adhesion mechanism of each compatibilizer
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Development of new AFP process for manufacturing
cryogenic propellant tank with CFRTP

ICCIZ. FEHMEBMRMFEEE (JAXA) N EDHDBEREATHE
Oy rEEO—RT . HE2EOATY NIV YV BREREER
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3. BEERI-OHICHBAE - HRMEROB WV REMMERLT
SAFYI(CFRP)EHMBPELTRBRTZZLIZIAENTH S
HREROBRBERRT) LI A2ERAT 2AETIE. EXRLEL
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E.RSA7274N—=DoD[ZDBER ). BBHWEE. T L THA
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BETHD. U T A—N—IVISTHEONETV LT %K
BUTAFPTCFRTPARE T ZICIZ FXEICEVEEEZET %,
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Hiofiomi Mishida Masaki Inagaki Hisashi Yamashita

As a part of the development of a reusable rocket by the
Japan Aerospace Exploration Agency (JAXA), ICC is
developing a new AFP process to manufacture carbon fiber
reinforced thermoplastics (CFRTPs) cryogenic propellant
tanks for the second-stage rocket engine. The challenges in
manufacturing this tank are weight reduction and cost
reduction. Although it is rational to utilize carbon fiber
reinforced plastics (CFRPs) to reduce weight due to their high
specific strength and specific modulus, manufacturing a large
CFRP tank through the conventional thermosetting prepreg
method is expensive because it requires a large curing facility.
Therefore, in this study, we attempted to achieve cost
reduction by developing a new Automated Fiber Placement
(AFP) process that enables a series of operations including
in-situ impregnation of dry fiber, automatic lamination, and
direct consolidation unique to thermoplastics.

Conventionally, AFP research has focused on the formation of
complex shapes and the improvement of lamination speed. In
the AFP process for CFRTP, prepreg—in which thermoplastics
are already impregnated into fibers—is used because in-situ
impregnation is difficult owing to the high melt viscosity of the
matrix resin. In general, thermoplastics with excellent
mechanical properties (e.g., super engineering plastics) also
have a high melting point. Therefore, a very high temperature
is required to laminate prepregs made from super engineering
plastics to produce CFRTP via AFP.

By the way, a laser heat source can instantly raise material
temperature; however, the directivity is too high to heat the
material uniformly because the surface temperature of the
material changes with a slight misalignment. For this reason,
additional techniques are required to precisely control the
temperature of fused thermoplastic resin. Furthermore, the
generation of thermal stress during the cooling process from
high temperatures during lamination is another significant
concern. In the case that high temperatures are required to
melt the thermoplastic resin and reduce its viscosity
sufficiently, significant residual stress accumulates, resulting in
the reduced performance of the final product.

Therefore, in order to address these problems, we proposed a
novel AFP process (Figure 1) and designed high-performance
resin systems that can be successfully applied to this process.
Further details cannot be disclosed as the patent application is
currently being prepared.

Figure 1. Diagram and photo of the newly designed AFP apparatus
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BEE->TWa,

ZC AR CIEBERDERAERER LS E. S5
EYEHSIBVWIOA—AT A T7OHEET>TVWDE1DRRIC,
IRFIWEBE—EILTI2ES100umBEOUD#EERD T
O—XF47%Y—)IERICKRBLTIRAETSHIET . EVRP
WEBOMONRE LRVWERBELREN AL 25,

REBEBYICHTZ 70— AT+ 7HEOFTEEVaRTM
FEILE>TUT o BEPORESEBOKRFER 2(CRY . ED
BESTHNIEALUDHMMBEELZ70—XTF47IC&DE
BEENKIBICALLTWRI L bh ot 70—AF 1
FORBABICENDBERNOBERBDAEEHETZ LM
THO I RICEERORAMARBORFERZICRT RE
[C70—XAF17EBVWSETHEBNY—(CRAEh, RE
ERABMELTWR LB TE =,

SRIE.COTA—ATFTAFORBEICHEIFT-HAEEED D5
ETH5.

Az \“‘"/M ~—/ . A
o R HEAE B B £ ER BX hES
Nobuaki Inui Tadashi Sakuma Shiro Moguchi Kaoru Hashimoto

The vacuum-assisted resin transfer molding (VaRTM) method
impregnates resin into the fiber base material using vacuum
pressure; therefore, it is essential to use a flow medium that
promotes resin flow in the in-plane direction. However,
because the flow in the stack thickness direction cannot be
improved, micro voids in the fiber bundle and pits easily occur
on the surface of the molded product. The large amount of
waste generated as a secondary material poses a problem.
Therefore, in this research, we are developing a flow media
that improves resin flow and surface properties without
generating waste. As shown in figure 1, by stacking and
molding a UD fibrous flow media of approximately 100 um
thick, integrated with the epoxy resin on the side of the tool
surface, it is possible to prevent pits and fiber irregularities
from occurring. Quality molding is also possible.

The presence or absence of flow media for the carbon
fiber-woven fabric was evaluated by the VaRTM method.
Figure 2 shows the state of the resin impregnation during
molding. It was found that the impregnation rate was
significantly improved by the flow media having a UD fiber
structure, although the thickness was negligible. It was also
possible to control the resin flow direction in the mold by the
arrangement direction of the flow media. Figure 3 shows the
observation of surface cross section following molding. It was
further confirmed that the resin layer was uniformly formed and
the surface quality was improved by using flow media as the
surface layer.

In the future, we plan to conduct research aiming to identify
practical applications of this flow media.

Flow media

Figure 1. RTM using fibrous flow media compatibilizing with resin

Without

flow media Y /s
Flow front
of resin

With

flow media

Figure 2. Impregnation of resin with/without flow media
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Cross-sectional profile
' measured by the digital
microscope in two directions
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Figure 3. Measurement of surface undulation
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1. T BN RERENEICEZTRFEEORITBIETgL AL TRFVBEOBELAH =X LERITEMEERET.
Apr., 2019.

2. MK EFTOLT B U ILERBES )T /v —2ABETRIELTENA Ty FEAHBOBRKE BRI 77A403h
JU\ Vol. 48, No. 6, pp. 42-48, Jun., 2019.

3. MK #®ITOUT S FREBRMERERV YT /2 O—-AMERSHEE) T 1V IVREREESHMBOBERE T5AFY
JERERICE@ T — 72 A M) —DEFREM. Nov., 2019.

4, BHBX.FRPIMIYIRBIT V747 LIV OREER" LTS5 AF v X Vol.66, No.1, pp. 5-13, Jan, 2020.

5. HEO—RE K. LEAR BE B ATEMFRPOIY V) — MIMADBEBRE". 271)— b ITHEE,
Vol, 58, pp. 94-98, Jan., 2020,

[ e

1. Masayuki Nakada, Yasushi Miyano, Yoko Morisawa, Hirofumi Nishida, Yutaka Hayashi, Kiyoshi Uzawa, “Prediction of
statistical life time for unidirectional CFRTP under creep loading”, Journal of Reinforced Plastics and Composites,
Vol. 38, pp. 938-946, May, 2019,

2. Léaszlé Szabd, Sari Imanishi, Fujie Tetsuo, Masaki Nishio, Daisuke Hirose, Takayuki Tsukegi, Kentaro Taki, Kazuaki
Ninomiya, Kenji Takahashi, “Electron beam induced strengthening of a short carbon fiber reinforced green thermoplastic
composite: key factors determining materials performance”, Composites Part A: Applied Science and Manufacturing,
Vol. 121, pp. 386-396, Jun, 2019,

3. B R THKROEE XEM. KA BT.CE8 —E. 568 0. "IN AFHEE2RBV - EREELARESH
BORE". B2 FIRXE. Vol. 76 No. 4, pp. 297-304, Jul,, 2019,

4. Haruo Nishida, Takayuki Tsukegi, “One-Pot Nanofibrillation and Nanocomposite Production Through Extrusion”,
Lignocellulose for Future Bioeconomy, pp. 91-108, 2019.

5. Laszlé Szabd, Romain Milotskyi, Takayuki Tsukegi, Naoki Wada, Kenji Takahashi, “Quantitative analysis of native
reactive functional groups on carbon fiber surface: an electrochemical approach”, Applied Surface Science,
Vol. 494, pp. 315-325, Nov., 2019.

6. Laszlo Szabo, Romain Milotskyi, Tetsuo Fujie, Takayuki Tsukegi, Naoki Wada, Kazuaki Ninomiya and Kenji Takahashi,
“Short Carbon Fiber Reinforced Polymers: Utilizing Lignin to Engineer Potentially Sustainable Resource-Based
Biocomposites”, Frontiers in Chemistry: Green and Sustainable Chemistry, pp.757ff., Nov,, 2019,

7. Tengku Arisyah, Tengku Yasim-Anuar, Hidayah Ariffin, Yoshito Andou, Mohd. Ali Hassan, Mohd Nor Faiz Norrrahim,

Ainun Zuriyati Mohamed, Takayuki Tsukegi, Haruo Nishida, “Well-dispersed Cellulose Nanofiber in Low Density
Polyethylene Nanocomposite by Liquid-Assisted Extrusion”, Polymers, Vol. 12, p. 927, Feb., 2020.

8. R BB, AMH S, WA BT, LH AR AR . RAH B2 % AN BE R “Y1IVTAORMEACFRTP
HAMEOBMABRE ICRIFTHE". Journal of Fiber Science and Technology, Vol.76, No. 2, pp.88-94, Feb,, 2020,

9. BE BB RE B.HEERIED—VKEMRESHREINBOREBENN AV I —bEDRFEERICRIFTRE".
BAREZ LM E TEBHE, Vol. 66B, pp.543-548, Mar,, 2020,

=

1. BE U "BRELSFOIAVRIY MEGICETHHFBARERS . ZNCEREIHMTHRE B1LEHEEH
I — RIREBKRTIL, 2R, AR, May 28, 2019.

2. AHGBEH."Y TRV TLRICKZ2ERSBMERICHTEERIBER YV NTILY— DT (L2 FAFE" . Plastics
Industry Development Center £z X 7 —_ &7, Jul. 23, 2019,

3. BEBX." BE7OtAL5RIMERNT. TR 3 0 FE B 2EHAMAPIBERRE—-X BECERARITHE, 2R
IHKF EFESVRARMELY 42— AWUH AR Jun, 21, 2019,

4. WA AEURESTICE T BFRPEBHORAMEEIC Y 5F X 5", B2EICOIF R, BARMFRRME, THRX, HREHB, Sep. 19, 2019.

5. 8 BEFRPIBROBNFRORBLBE" I REHTBEFRAERELEOIIIEERX RBEFRMEREIF—.
RREBERT IV RIRT.A)IR. Sep. 27.2019.
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6. W BE."K2019 LS MATBFRPOBAEMBRSBAFA  BNEEHFEARIVRI Y b YRIDLRAEHKT
S )18t REBH. RABAT. Nov. 15,2019.

7. Osuke Ishida, “Development of continuous production process of organo-sheet and chopped tape sheet for RTM", JEC
Asia 2019, COEX, Seoul, Korea, Nov., 2019.

8. AHRB#. ‘47 I\ Vb TLADO—-F—EFICH 23 - MEMRIF . 30th PUCA-ESI Users’ Forum in Japan 2019,
£V b YRR X RAH. Nov. 27,2019,

9. A BE."CFRPOZBLEFMNI IO AN . 30th PUCA-ESI Users' Forum in Japan 2019, tJb b ERAE FIBRX.
RH#EB. Nov. 27,2019.

10. 8 BEBABFRPO T+ —Z0J Y22l —av SO EFE". Zwick7 4+ —3 L, Nov. 28,2019.

11, KR BT TMIZEICESAINFI VI T —FAORER  BNTEEFEB Y RI VL F/2/b0—RAY Y RI D L2020, RE
T IV RER S R EBAT. Feb. 27,2020.

12. HAR BTNV OI I M RTMIEICEACNFIY IV T — FORELHE. 19182 FFER JU—VF7IZAM—HRER
REFRSRIEKRF EFHEASMBHARARELYZ— 81U, AR, Dec. 20,2019.

13. MK BT RIMIEICEBONFIY DY 7 — FORELTE", B8RRI —MBT+—5L F¥FaveIf— 9107
HLB HHEN. EHIR. Nov. 22,2019.

Oz (¥)

1. Kiyoshi Uzawa, “Innovative molding process by thermoplastic epoxy resin and its initiatives at ICC", SAMPE China
Conference & Exhibition,China International Exhibition Centre, Beijing, China, May, 2019

2. Osuke Ishida, Junichi Kitada, Katsuhiko Nunoani, Kiyoshi Uzawa. “Continuous manufacturing technology of stampable
thick organo-sheet using fixed rollers double belt press”, SAMPE 2019, Charlotte, NC, USA, May, 2019

3. Kiyoshi Uzawa, “An introduction of monitoring activities at ICC's, with examples of applications in X-ray measuring,
HP-RTM pressure monitoring, etc.”, ICWAM'2019, Robert Schuman Conference Center, Metz, France, Jun., 2019

4. Atsushi Hokura, Shinichi Miyazato, “Feasibility Study on Thermoplastic FRP Rods as Reinforcement Bars for Concrete”,
CSN 2019, Hall at Kanazawa Chamber of Commerceand Industry, Kazazawa, Ishikawa, Jun., 2019.

5. Hirofumi Nishida, “Evaluation of Creep-less Composites Using Tg-less Epoxy Resin as the Matrix”, ICCM22, Convention
and Exhibition Centre, Melbourne, Australia, Aug., 219.

6. Katsuhiko Nunotani, Kiyoshi Uzawa, “COMPARISON OF FORMING-SIMULATION AND EXPERIMENT FOR THE BEND-
FORMING OF CFRTP", JISSE-16, Sep., University of Tokyo, Bunkyo-ku, Tokyo, Sep., 2019.

7. Osuke Ishida, Junichi Kitada, Yoshihiro Aono, Katsuhiko Nunotani, Takehiro Shirai, Kiyoshi Uzawa. “IMPREGNATION
AND FLOW ANALYSIS UNDER ROLLERS IN DOUBLE BELT PRESS”, JISSE=16, University of Tokyo, Bunkyo=ku, Tokyo,
Sep., 2019,

8. Junichi Kitada, Osuke Ishida, Katsuhiko Nunotani, Kiyoshi Uzawa, “PROCESS SIMULATION FOR CONTINUOUS
ORGANO SHEET PRODUCTION PROCESS USING DOUBLE BELT PRESS”, JISSE-16, University of Tokyo, Bunkyo-ku,
Tokyo, Sep., 2019.

9. Hisai Ueda, Hiroshi Yamashita, Hiroki Matsumoto, Nobuaki Inui, Kiyoshi Uzawa, “THE MECHANICAL PROPERTIES OF FRP
RODS MOLDED BY ULTRA-HIGH SPEED PULTRUSION", JISSE-16, University of Tokyo, Bunkyo-ku, Tokyo, Sep., 2019,

10. Yuya Takaiwa, Katsuhiko Nunotani, Atsushi Hokura, Shiro Noguchi, Nobuaki Inui, Tadashi Sakuma, Kiyoshi Uzawa,
“INFLUENCE OF WELDING TEMPERATURE ON ADHESION PERFORMANCE OF CFRTP STRAND ROD-SOCKET",
JISSE-16, University of Tokyo, Bunkyo-ku, Tokyo, Sep., 2019.

11. Hirofumi Nishida, Kiyoshi Uzawa, Daichi Kaji, Norio Hirayama, “Development of High Tg Thermoplastic Epoxy Resin and
Impact Properties of CFRTP Using It As the Matrix”, JISSE-16, University of Tokyo, Bunkyo-ku, Tokyo, Sep., 2019.

12. Takehiro Shirai, Kiyoshi Uzawa, “Relationship between Tensile Properties and Fiber Orientation after Press Forming of
Discontinuous Carbon Fiber Reinforced Thermoplastic Composite”, JISSE-16, University of Tokyo, Bunkyo-ku, Tokyo,
Sep., 2019.

13. ®E BE. R K. B2 ROREBREEMVCFRRTPOY FIFRES DRRE LU Z OB AT M BERREIARFMW

HRAUCE) &RTEAR BARF v N\RX B4hih. AR, Sep., 2019.
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14.

15.

MiA BT R 82 % MREEAR B 20 LMW BT R ELE FF BL BE R ERLHA F50, B REF.")b0—-2X
F/ 774 N—EBWIRTM B ICEZEBERTY VY7 — FOEREFME" BBEIH S FHMBE BHAE XRF VIR,
\|HATEHIR. Sep. 26,2019.

A BT L B2 A EF " CNFEBWRRTM BEICLZ2B8HBERA T YV 7 — FOEREFE" KNI > RI 719,
AT, )15, Nov. 13,2019,

. BRI BX\E KA. W EE. LA AR A BTOLT B88F RUORRECRFMCLARATEELIVO—-XIATIVO

AR E RO A" BN I Y Y RI 719, B, FIIIR. Nov. 13,2019.

KRRy =fR(¥)

1.

10.

MiA BT PKE R A BE LT B LB AR SN B BN EEL4KR KE. "CF/PPEEMHB DIPP-PAATRIIIC L2 #EY
BHEOVWT BBEBDFFRI VT IAMN —RREIVRIVL BRETSZAFvIIFA VIV EFRREARERE
BRRRR. TRERX. KRR, Aug. 7.2019.

Ba WE.SH A WA JFT."PLA/PP/CFESHMHOBFMEBHICIZ2BRNTEDTME" (. BRIRDFFEERT ) -7
MI—BRAREYVRIVL BRETSRAFYIIFA7IVEERREARARE AARER. FABARX, ZRE. Aug. 7.2019.

W 4, LA AS A BT 8% R CREHE/ R TOELEERICES T 3FHAEBLEROFMMR". BRIFDFER
V=V HZAM—BRREYVRIVL BRERITSAFvIVTA7IVLERRLRMRFTERE SRARRE. FTRABRX. TR\,
Aug. 7.2019.

M EE . EH A BA BT CREREORARGICLIE DIV IAFIVEEESHEOBRNSEEOR B BSRIBE S F
AR RAT. MHIR, Sept. 27,2019.

T EEAARMA BF.82 R RUTOCEL Y ERRGEICHS T 2HRBBCEOFNINR", B68RIB I FE AR
1B, EFH 5. Sept, 27,2019,

FE AR BT BX62 R MK #1758 B O A% LT B RRECHFNICLZATEELIVO-IAIZATIVO
RAGREREOIK" RIEM I Y RI 719, B, E)IIR. Nov, 12,2019,

BH RIL 4872 R —HEREBCFRPIRDXBCTRENH IS RRIC LI BHEED I ANBR" B EEXESHHAE. KR
. KBRAT. Mar. 17,2020.

W 4, EH ARHR 8708 R ITRARCRERNLICF/PPOREMBEZ ML N FMEDER  BEBAEEME
Rl KRR KBRAT. Mar. 17,2020.

WA KR B BE B X5 LB S5E BT RNCICBIDR LA Ty FHEERICRETHE B EBXESHE
KB KR KRR Mar, 17,2020.

A At B BA P B NF SR 5% R RANAR S LURABEESLLIFRP/ ARV OTAEEETE". 113
BEESMHRE. KBRH. KBRAF. Mar, 17,2020.

5

WE REEE R A BERITBERESHOBES S EARUEAIBES"., 1512019-144230.
BE XA HP RHE S5 81" HWEE", 19FE2019-164309.
HERD. BER GABE BRI IRAFVIORAFERVESTME". $/2020-011507.

Al #HAHE R ST RS BE . GH DR R AN BN M RA B2 " BORBRRUCRBEREROREH K"
*§ET6675666, Mar, 13,2020.

HA BE AKX B2 AH R A #—." MMEE" . $§592020-27736, Feb. 20,2020.
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ICCAYN=2y TRBICEIT2EZEHEETHORE
Outcomes from Industry-Academia collaboration activities among ICC membership program

AYN=y TRBIERZOCERRBE LTRIFANDZEICEN TS5y R 74— LELTDICCEFRA U EFUIEDH %
T52ENTEEY CSTRAVN—D Y TREDHREHDRTF RUFZORRICBEALTRBNLET,
FEIOFHEREE - RATFOLEMOIASRL—avICE2WARDICCTRESBEA—T VIR A—IT 72D

A=ToA/R=2aVEBERBLUTVWEEXT,

Members of the Membership can engage in industry-academia collaborative activities using the ICC as a platform by
accepting as a visiting researcher at our university. This section introduces the research activities of the membership

members and their achievements.

This activity will also lead to collaboration between companies in different industries and fields, and ICC will continue to
promote an open innovation environment for free access laboratory.

XBAEA A A —I VT 1L & MR R REIT
AR B2EBER  Shimazu Corporation

The fiber orientation analysis using X-ray phase imaging

YU THEPOXBRABA A -V I FHEBEICCICREL.
WA LBERAFOBRET > TV XRUMBAXA—TJ VI TR E
FRFICEDTHEBERINT B LICED FERDXBDOBURIZ
MATER BILICEPERMBHIARETH S [1]. XRIZCFRP
PORKEBHECEBLAEICHILTIERI’H D RELBEIC
RAUDHIEHFBFERNRYDOSIAEEATRE TS LIS
SO EHERDORITHNATEETH S,

SV LY—bDT LA ULEERA (COVWT SR E %
BITLERZERT . B ERVRBEICIITEAAICFI LN
EEAAZRTFIRARCEVWT. IIRADEEBREAR
(BhKeE) HETORMIFERS N, ELEESCRETREIC
HEN RN

SRECTREICLIBELARTPHEFHEZENE L
TF=YDTIal—avVIEAEBERLTWS,

51E[1] N. Morimoto , K, Kimura, T. Shirai, T. Doki, S, Sano, A, Horiba, and
K. Kitamura, Rev, Sci, Instrum, 91, 023706 (2020)
https:/aip.scitation,org/doi/10,1063/1,5131306

Prescribed test piece dimensions | 150 mm square x 20 mm thick

tensde direction

2

) &
i &3A
Fakahiro Dok

We have installed an X-ray phase imaging evaluation device
under development at our company in ICC and are observing
various test pieces.

In X-ray phase imaging, it is possible to acquire images by
refraction and scattering in addition to conventional X-ray
absorption by analyzing the interference fringes of the
diffraction grating. X-ray has the property of scattering in a
direction perpendicular to the carbon fibers in CFRP, and the
fiber orientation can be analyzed by changing the direction of
the object and the diffraction grating that have anisotropic
scattering sensitivity.

The figure shows the result of analyzing the fiber orientation of
a random-sheet press-molded test piece. The color indicates
the orientation angle averaged in the stacking direction by
fluoroscopy. In the tensile test, fracture was confirmed near
the orientation angle (light blue in the figure) perpendicular to
the tensile direction, and a correlation was obtained between
the orientation angle and the fracture strength.

In the future, we aim to analyze the fiber orientation by CT and
to apply data simulation for the purpose of material evaluation.

.

Test piece weight Skg
Around 20 to 70 mm dia
Image i 20 to 50 um

X=ray phase imaging evaluation device

" Field of view size

135mm

Fiber Orientation map in a press-formed test piece of random sheet
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REREFavIRT—TEBDRERBEDOMRE

#HATEHKKRH Shibuya Corporation s
Development of the carbon fiber-chopped tape automatic laying up machine .

- N 0

W E£— RAE BE RIT BN

Keiichi Yamaoka _Akinovi Sakamoto Keisuke .kyomolo

AU EMREXRRBEESHOERHESFANORANMRE S While the development of carbon fiber reinforced thermoplastic
NTWAH SYFLAHBNERENTWS. SV LM B 8E composites into the automobile field is being considered,
TREDHICIFUDTF—TEESYS LB IENDRECH S, random materials are drawing attention. To produce a random
UL BBMENT R T 3577 70,0 | ATl e tecessay loiay up UD spas plces o

~ - $ - - Lo - ’ ’
ﬁfd‘g!ﬁiu;ﬁ:ﬁﬁb =< if:%kﬁbiﬁ%tl#fl\lﬂﬂﬁ orientation and position of the chopped tape are not
NLRET B, X" C FAvTIRT—7ORBEEORY METH reproducible, In addition, simply laying up also causes shape
BEL BE2F3v 7 RT—TRERICL—YRHICEDT—T%E  |oss. Therefore, we developed a device that automates the
MBALTEATIRBEBERARE L . COXBICKNTF—TDERM. laying up of chopped tapes by robot transportation and heats

MBALERBNOREDEWN. BEMYOHZS VY LY — 5 and joins the tapes by laser irradiation when stacking the
BICEET S NS AT, chopped tapes. With this device, it is possible to easily
produce a reproducible random sheet by eliminating the tape

i orientation, positional deviation, and shape loss.

w B
U

The carbon fiber-chopped tape State of laying up
automatic laying up machine

Example of Laminated sample

Mitsui Chemicals, Inc. ARRK Corporation

CFPP*/ /8 PP/CFPP Y'Y R4 Y FRIMAEDRY v EV ' — kL iRE
EHeEKRAR / %hRXRHET7—2  Mitsui Chemicals, Inc. / ARRK Corporation

One step stamping compression of CFPP/PP foam/CFPP into sandwich parts 4 4 F
PV, 4§ "SI
Fie EE e +=X
Takehavre Jsaki Tomio Bando
YYRDAyFHE BE BRMYETEAMEHOPEARMELT Sandwich materials are well known as lightweight, high rigidity
L EBRINTWS, and widely used as intermediate materials of composites.

CFPPOUDY— 3. 5EPPEBBMECT— AL TE2454»  Advantage of CFPP UD sheet is heat fusion processable to

HD. FLABRK CIBRIET 2= LA TH 2, == ClE B rP :::)am ar:jd also 3D s:a;pe forming at compression mol:ing.

. " . n this study, we tried direct one step stamping without

ARDO®Y 1 2L TORBEEIEL. C/fPPt%rﬂﬁf&%%ﬁ preforming of CFPP and PP foam, only assemble and external
BET . 7y ey TN OB THBMBET VA VEY T =4 peating for lower cost and high cycle processing.

RICTYY RO 1 v FRBEDI LERELREINES N L. Pre-assembled woven CFPP/PP foam/woven CFPP were

ICCOSTEEEM L AREI= Y MIBOXERREZEAL. molded by means of KIT-ICC’s FRTP press molding unit with

CFPPOUDDEY/REPP/EBYDRY VY E VT —K{LIZ&BIL BOX shape mold. We successfully obtained 3D shaped

GERERERBRET7-& sandwich with high processing cycle of external heat 60-120s,
-5 MMM ERE60~ compression time 120-300s under compression pressure
120%. 7L K120~ 0.8MPa.

300 m@ERE. LR

*CFPP : Carbon Fiber Poly-Propylene, i3&fii#R') 7oL
EH0.8MPa{EE TILiE
ROV D1y FEHE
HHEBBIENTES, 3D shaped sandwich

(woven CFPP/PP foam/woven CFPP)
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CNT REaRKR@HE [Namd™ | DRFHERKRA D= X LRI
—v9%=RA& Nitta Corporation

Analysis of characteristic expression mechanism of CNT composite CF "Namd ™"

HHEY
My Yoshida

ZydBRARRICHEVTE RRMHEEARENICY—(ICCNTE NITTA CORPORATION developed “Namd™” -A which novel
EATAEM Namd™ ) £BR L. SO #i%EH L=-CFRP# technology for the CFRP composite material with unique
BT BERENEOR M RO EEREEERsy  Properties by uniformity nanodispersed CNTs on each Carbon
OO L EREL RBRREMbL T, [001CF a0 as dard commercialing of natrls ool

Td)ﬁ&%ﬁfbxh_Xb%miﬁi&ﬁ*FﬁwﬁﬁﬁﬁEw technology have characteristic properties such as improved
P OBHT B1 . ICCEDRRBRISTLATFCFRPERDE interlaminar fracture toughness and reduced velocity
EREXRCTREAEORH L ZDIRTEGHBLEICLSH  dependence of elastic modulus never seen conventional
ERITET 272 COBRM S [Namd™ ERACFRPIEER LT CFRP.

WARRRBMENCNTICEZNEEZIT2- LT THBICRER In order to analyze characteristic expression mechanism from
BOMAEANEMEND - EABEL BETR)LE—8  the perspective of changing in laminated structure between
BENTW3EEZIOND. CNHANamd™ SERAM RO MR CF, we examined the X-ray CT scanning method of CFRP

[ - — _ under bending stress and analyzed the scanned image by 3D
AN N - ) - .
EEREFLNALLLED. LV2RICEVERERI AR image processing method through a collaborative research

Bol-LHERT NS, with ICC. It is shown that CFRP applied “Namd ™" stores
FRRICE> T HUERBROMROEERBEZRITISZL  elastic energy because CF is restrained by CNTs and the
NHRED. ZORBAAH XL BRAEE R >T=, partial distortion of CF doesn’t become loose but remains.
Therefore, CFRP applied “Namd ™” reduce velocity
dependence of elastic modulus. It is assumed that its behavior
seems metal.
In this research, we were able to analyze the microscopic
structural state during characteristic expression and
understand this expression mechanism.

Fig. SEM photograph of a uniform composite of nanodispersed CNTs on CF; "Namd ™",
and the analysis result of changing of fiber orientation in CFRP by 3D image processing method(CNT: Carbon Nano Tube)

H-ONE Co., Ltd. Kuraray Co., Ltd.
CFRTP @Ry b RS FBAICH I3 7-H D 85>
BRXeTIFIY /AR o5 H-ONE Co., Ltd. / Kuraray Co., Ltd.

Approach of application using Hot-Stamp process

- \
X R K&K HEh
Faketomo Nagai Tobakivo Oya
I5LDMRERYTPIR<I T RAYO>DS55,PAITS L — GENESTAR™ is a trademark of heat resistant polyamides

RIZBAEDESRESEDEEE T >TWD. 75 LICI1EREDR developed by Kuraray Co., Ltd. PA9T grades of it have
SR BEEEA TS/ 9N L EBICEENHD. CFRTP  Superior characteristics such as high mechanical strength
UM S SR T W T, 5 S H R TR 5 ret:ntioq after ??sorbi':\gt:/ater. Kura;ay di<:n't.:lavfe knc:w-how

. . and equipment to make the composite material of continuous
Y9 - (ICORRRBAOT. A b ?bzmr‘w&/mbf’ﬁ carbon fiber and PA9T. Under the cooperation of Innovative
REEWEARBTOYVEFMIED. 7L IBPAITORRAE Composite materials research & development Center (ICC)
E1-CFRTPICL B CEAERBTE, researchers, we could make composite samples with hot press

HBEERRA—H—THEITAFIVIE RKSICEAL S VM machine and evaluate physical properties with various test
A ST-CFRTPICEARBERSTT UL TUW = ICCORXIMEER machines, and thereby it was confirmed that CFRTP with
LTNT -RE-BlE s EHL. PA9T had excellent properties.

£ AUAVS—S v T TH % f’.ﬁ H-QNE CO.,LTD., .auto. parts rnanufacturer, had.considered
35SLOMIEHICENERE R 600 testing qf CFRTP with high resnsta.qce to degradatlon by water

w5 50 absorption and heat. H-ONE utilized equipment of ICC to
THTMMFORME LD § 4o process, test and measure CFRTP, and by using material
BTELIET.CRRTPAY A § 0 developed by Kuraray, that is the same membership, it
RV TOTOLRERIT § 100 moy  became possible to suppress thermal degradation during
5 EITHIh LT, 2 o mwet  heating which was a problem until then, As a result, H-ONE

CPRTPWINPAST. GERTP wiinPAS succeeded in establishing the CFRTP Hot-stamp process.

Fig. Mechanical properties of CFRTP before and after water absorption

37

60Z W3 D51 0 SAD Yowwasay



10T W3R 005101 STAIED YADasH)

Flexcarbon ZAW BBz 7S 7TILF 7O
HranF/hEkXet SUNCORONA ODA Co., Ltd.

Development of lightweight wearable chair using Flexcarbon

/NE R—BB B R U =t
Soichio Oda Toshiaki Kavasawa Masaki J(o&ayasl:i

YranF/NATE REE BN TENERAV.RRIE Suncorona Oda Co., Ltd. have developed a thermoplastic
KEPLE#HL BREEELEEEEE L. CFRPOBEIZENn-8  stampable sheet "Flexcarbon" that has high formability and
AEHRY Y NTILS—RFlexcarbon ] %#B&ELELT. reliability and is excellent for mass production of CFRP, in
Flexcarbon (2 REDBWE A — N TF L ARKIC & h ik collaboration with Kanazawa Institute of Technology.

_ _ “Flexcarbon” makes it possible now to make shapes that could
, = Z = g AN -J = )
R (BACN=DLERE) DS ETIENLD LR EES not be made before by press molding complex shapes, for

ENAIREICRD T ARBERAWT HRARM =Y b — R, example, shapes of uneven thickness, honeycomb shapes
KNV RATHEKERNSH (KR) EDHRRAFKICED.CFRPE&E%E and others can be made.

BHUEBEY 757727 (Archelis) ZBAFLE L RS Using this product, a lightweight wearable chair (Archelis)
BIRICE W REAMEEDH A0 MAEREORBUERT RV equipped with CFRP parts was developed in collaboration with
OSBRI  RHRNESRTRE A L HAWEE TV A4 Nitto Co., Ltd. (Kanagawa) and DAIWA HOUSE INDUSTRY

OB E>TWET, 202 0FEDIRBAIHLEBAATNET, CO., LTD.(Osaka). In order to improve ;.Jr?cticality in this
product development, we have conducted joint research with

Kanazawa Institute of Technology to verify practicality such as
durability and analyze component structure and design,
leading to the development of this case. We are going to start
selling in 2020.

TRBROFEMEBR  Oz@A5 @& E 1275(kN] 6

*R0

lightweight wearable chair Flexcarbon Sheet Image of simulation analysis

RETRNUHARBRRICE NCCEDHERIARR I TRMBDAYN=2y TR E HEBE U THESNZREN S
ENTVET,

ICCAYNR=2y T IOT S LIE ICCEIAVRIY MIROY 751 hSREL T REDESE(CHALTELSEZEN
ICUTENETH . ZNERAKIC REERINTNALBRETIREPHREZICCICRLAATHAIZETEHNET . ZN
5% DFEIEBHTE AR CHRAREEDD LN . ICCORBRRBRBEAV/N=2y T TAT S LEBLTRY R —2
ZEATHE T ENBETESICRANAEIALED DI ENBHEBNET,

SEREXVN=VYTDEEENDESILZLDRENEHHENIBERLHCLTENET,

The research results introduced in this section include not only joint research with ICC but also many results developed
in collaboration with other membership companies.

The membership program of ICC aims to make ICC a satellite lab for composite research so that its members can use it,
but at the same time, it is also an opportunity for member companies to bring their own equipment and materials into ICC.
For many of these advanced technologies, it is easier to proceed to more advanced and practical technologies by
utilizing the network through the ICC R&D environment and membership program, rather than promoting individual R&D.
We look forward to more results from our membership in the future.

(3872 32/ Kiyoshi Uzawa)
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