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Overview of the Innovative Composite Materials Research and Development Center and of COl STREAM
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Kanazawa Institute of Technology set up the "Innovative
Composite Materials Research and Development Center"
(here in after referred to as ICC). The ICC is required
to realize complex technology development by making
full use of engineering knowledge such as materials
development, evaluation, design, manufacturing technology,
manufacturing equipment of innovative compound materials
by collaborating with different study fields and industries.
This center has an advanced system engaging in joint
research with researchers from testing institutions of
universities and R&D members of companies and which
serves as a role model for the unconventional joint research
development.

The production volume of carbon fiber by Japanese
companies and overseas offices of Japanese companies
has reached 60 to 70% of the world's production volume
but the material used as a composite material has stayed
at only 10%.Commercialization in Japan is far behind
other countries and has yet to be studied more closely.
Application of carbon fiber composite materials will lower
life style costs by using lightweight and durable products.
The COI Science and Technology based Radical Innovation
and Entrepreneurship Program (here in after referred to as
the COl STREAM), initiated by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) in
2013 promotes research development and work towards
the practical use of innovative materials employing the
backcasting approach to meet social needs and to fulfill a
vision for society ten years in the future.

COI-KIT consists of a joint research team from 26 institutions

__ 2
tEASDICC
including other universities, national institutes of research
and development, public research organizations and other
companies. They are working on research and development
to create a safe and secure society that can coexist with
the Earth for centuries by developing various materials and
products with innovative composite materials in the fields
of building and housing infrastructure, public infrastructure,
and offshore infrastructure.
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Overview of Kanazawa Institute of Technology

Kanazawa Institute of Technology

College:

College of Engineering : Student capacity 800

College of Informatics and Human Communication: Student capacity 240

College of Environmental Engineering and Architecture : Student capacity 280

College of Bioscience and Chemistry : Student capacity 160

School:

Graduate School of Engineering First (Master's) Phase : Student capacity 119
Second (Doctor's)Phase : Student capacity 43

Graduate School of Psychology : Student capacity 6

Graduate School of Innovation Manegement : Student capacity 40

Kanazawa Technical College : Student capacity 120

ICC Outline

Building : 1 building 4,457.28 m2

Completion date  : March 24,2014

Major equipment  : Double belt press, Servo press, Hydraulic press,
HP-RTM system, Laser cutting machine, Micro
X-ray CT Scanner, NMR, FE-SEM, XPS, Gas
chromatograph mass spectrometer, Microchip
Next-generation sequencering system

Features : Large internal space for creating large molded
structural components A knowledge corridor
(where researchers can communicate and discuss
the topic and be inspired by each other)Laboratory
and research rooms provide many researchers a
bird's-eye view of the large testing area.

I F26Q014)EFEE X TOHEES (BLE) Activities up to Fiscal Year 2014
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1 Background of public participation program

An effort to develop advanced composite materials in
Ishikawa first started with the establishment of a study
group named "Hokuriku Advanced Composite Materials
Workshop" in 2004.Kanazawa Institute of Technology
played a central role in launching the study group for
researchers in the region.In 2010, the Next Generation
Industries Creation Project (aka Ishikawa Next Generation
Industry Creation Fund) was established at the Ishikawa
Prefectural Office and has provided intensive support for
the field of carbon fiber.

2 Positive approach and achievements of the public
participation program

The project was adopted as the "Regional innovation
strategy support program-Ishikawa carbon fiber cluster"
funded by MEXT in 2012 to nurture and pool local human
resources.

In order to develop operational infrastructure, we applied
for the "International science innovation bases using local
resources under industry-university collaboration" by MEXT
in Jan. 2013. (Supplementary budget for FY2012).
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At the same time that the plan for ICC was proposed,
COI STREAM was newly launched by MEXT in 2013
and was chosen as one of the COl sites as of October
19, 2013.MEXT has proposed Vision 3 to establish a
sustainable society with vitality, one of the three visions
proposed in the COIl, and COI-KIT is working on research
towards realizing next-generation infrastructure systems
using innovative materials to ensure the realization of a
safe and secure society that can coexist with the Earth for
centuries.

R&D grants from the Japan Science and Technology
Agency (JST) and MEXT's Seeds and Needs subsidies for
the ICC 's operating expenses are to be provided for up to
nine fiscal years. Through these, the project was initiated
with the necessary infrastructure such as facilities, research
equipment and human resources financially provided.
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The opening ceremony for the Innovative Composite
Materials Research and Development Center was held
successfully on June 9, 2014. Attendees from industry,
academics, and officials from MEXT and Ishikawa
Prefecture numbered more than 200 people, showing the
high degree of expectations and grave responsibilities for
the ICC.
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4 Building a new industry-academia collaboration

After the launch of ICC, a number of universities, research
institutes and companies have participated in this "joint"
under one roof style of research and are aiming to build an
industry-academia collaboration.The ICC's model plan is to
first join a membership program and if there is a common
interest then they will proceed to joint research. For further
research development, companies will either continue to
participate in the COl STREAM program or participate in
study groups.

Also, the research and development framework is being
further enhanced by collaborating with overseas and
domestic institutions (already completed in MOU) throughout
ICC, including with an existing group of companies.

I FR27(2015)FEEDEEEE)  Operating activities for Fiscal Year 2015
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1 Amendments to ICC management regulation

ICC management regulation was established for the
program’s prior needs in FY 2014. After two years, the
previous operations were reviewed and amendments were
subsequently made.

2 Acceptance of researchers

ICC accepts researchers enrolled in companies and
conducts joint research with ICC researchers. 22 people
were newly accepted for FY 2015, raising the total to 39
people.

3 Practice of safety training and safety activities

ICC researchers are given a safety training in order to
carry out research activities in compliance with what the
safety committee of the university has determined and
implemented. This includes 4S activities, examination of the
safety audit and near-miss report.

4 Budget execution

A portion of the ICC budget is applied to the purchase
of goods, business activities and business trips for
researchers. The various budget execution operations are
conducted mainly in the Office of Research Development at
KIT. Also, a budget management system was introduced to
insure proper management for the COl STREAM program
and is scheduled for full-scale operation starting next year.

5 Patents, etc.

If there is a notification of an invention from the participating
companies and institutions, the Intellectual Property
Handling Technical Committee, which is a sub-committee
of the COI Research Promotion Committee (Intellectual
Property Committee), will discuss the handling of the
patent based on the joint research agreement. In addition,
we carried out a patent search in FY 2015 and created
a "Trend Survey of the European Patent" (Documents to
consider the direction of research and development by
understanding the patent distribution of the carbon fiber
composite material field). Also, we continue to accept the
IP Strategy Producer from the preceding fiscal year.
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6 Public relations and outreach activities

Intensive external outreach and information collecting
activities regarding R&D of carbon fiber composite
material has been carried out and hosted the international
conference in Kanazawa. Also, a MOU (memorandum of
understanding) on research exchanges with the CFK Valley
in Germany has been concluded.

7 Acquisition of external funding

The HP-RTM (resin transfer molding) system and
cooperating industrial robots have been introduced by
concluding a free loan agreement of research equipment
with Mitsui & Co., Ltd.In addition, ICC was approved by
the Ministry of Economy, Trade and Industry (METI) as a
base for gap-bridging research institutions and is actively
working together with industries. Some results of these
joint researches are utilized in the COI project.

8 Membership program

Nine institutions are new participants in a membership
program which dispatches researchers to the ICC to
share the accessibility of knowledge concerning carbon
fiber composite materials held by Kanazawa Institute of
Technology.A membership forum is held every other month
from this fiscal year to introduce the research activities of
the ICC.

9 Users and visitors

User attendance for research at ICC (ICC dedicated staff
excluded) numbered more than 1,600 people in FY 2015
and has been increasing every month. Also, there have
been more than 1,300 visitors and great attention has been
paid to the industry-academia collaboration and creation of
local and new industries.
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10 Specifying resident classification

Compared to the conventional bidirectional workings of
industry-university cooperation, COl is instead comprised
of industry, public research institutions, national research
institutes and other universities which are together taking
the system toward one of the research purposes of the ICC.
In 2015, a display system was established to check who
is on duty and to provide different colored caps and bibs
for visitors in order to maintain safety, confidentiality, and
export Trade Control for our attendees within the ICC.

11 Prevention of fraudulent acts in research and
unauthorized use of research expenses

All residents were required to take a CITI Japan e-Learning
Program, (COl STREAM personnel are obligated to take
one presented by the National Research and Development,
Japan Science and Technology Agency), and submit a
written pledge not to carry out any illegal acts in accordance
with the provisions set forth.

12 Security Export Trade Control

The ICC held seminars on security export trade
management twice in 2015 in order to comply with export
control laws and regulations and prevent the production of
weapons using carbon fiber composite materials.The first
seminar was a lecture on general export trade management
from an officer from the Ministry of Economy, Trade and
Industry (METI), and the second seminar was an on-site
operational description that specialized in carbon fiber
composite materials by Toray Industries, Inc.The Kanazawa
Institute of Technology established the Security Export
Trade Control Regulations, and set up a Security Export
Control Committee. The ICC also operates the center
under these same rules in consideration of the possibility
of foreigners interfering with the research, visits or other
activities.
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13 Management of the Organization for
Advancement of COIl Research

The ICC carries out the management of the Organization
for Advancement of COl research based at Kanazawa
Institute of Technology. The organization promotes
research and development under the theme of
"Construction of next-generation infrastructure systems
using innovative materials - Realization of a safe and
secure society that can coexist with the Earth for centuries".
The organization has made the following actions:

1 The COI-KIT organized by ICC office, research support
section and Ishikawa prefectural governments held an
organizational meeting twice monthly in FY 2015 to share
information.

2 InFY 2015, we submitted a revised version of an overall
plan, yearly plan, previous year's report and roadmap to the
National Research and Development, Japan Science and
Technology Agency.

3 In FY 2015, the corresponding governing committee and
visionary teams made three site visits. We discussed the
correspondence of the mid-term evaluation scheduled in FY
20186, reorganization of working groups and re-examination
of the roadmap at the end of the first phase.
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4 The Promotion Committee was set up from FY 2015 in
order to hear a wide range of opinions on promoting
research.

5 Important meetings to enhance the research activities
are: group meetings for individual research groups, group
leader meetings (five times per year), the general meeting
(twice per year) which requires all researcher’ s
participation, and the management committee of the
Organization for Advancement of COI research.

6 Research expenses of the COIl program and project
expenses of the Seeds & Needs subsidies have climbed to
a rounded total of 1,158,000,000 yen. The budget provides
funding for many activities such as research and
development, surveys to discover needs and offer solutions,
and organization management.
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Figure1. Double belt press machine

1 Molding Technology

K.Nunotani, O.Ishida, T.Shirai, J.Kitada, G.Fukushima,
T.Sakuma, N.Inui

As there are various raw materials in Carbon Fiber
Reinforced Plastics (CFRP), there are inherently many
methods of molding as well. Of these, there are two major
categories of processing, wet molding and dry molding,
depending on the properties of the intermediate materials.
In order to establish the mass production of thermoplastic
CFRP parts using press forming methods, it is necessary to
develop appropriate control techniques for the forming dies
and press machines used in the process.

Therefore, characterization of the material properties of
thermoplastic CFRP sheets, the formability at specific die
or pressing conditions, and the properties of the molded
product is necessary.

At ICC, press tests such as temperature measurements of
sheets during pre-heating and extreme drawing tests have
been conducted and have examined product quality such
as surface condition, configuration, and the strength of the
molded material influenced by the various conditions in the
press forming process.

1 Development of a continuous sheet molding
method by double belt press

A test machine was first used to find a suitable production
method of this dry molding technique. A film stacking
method to make a plural layer carbon fiber fabric (12K, plain
weave) and Polyamide film (PA6) was applied by continuous
impregnation in order to develop a processing method
that achieved a maximum 3mm thickness. 500-550 MPa
flexural strength was reached at 0.4 meters per minute of
production speed.

Slight microvoids were observed in a cross-sectional analysis
of the molded article. The next step in development will
be to reach a 700MPa flexural strength using batch press
method, an already existing method.

* Double belt press - Steel belt-based equipment that enables
continuous pressing by using an optimal combination of modules
that depend on the ideal temperature and pressure.

* Stampable sheet - A flat sheet of carbon fiber impregnated with
thermoplastic resin, which can be reprocessed due to the
thermoplastic resin matrix.

*12K - 12,000 bundles of carbon fiber

* Plain weave - a carbon fiber sheet that is woven by alternating
over and under.

* Random sheet - Resin impregnated chopped tapes, randomly
dispersed into a homogeneous sheet. Can be worked into complex
configurations with low pressure.
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2 Calculation method for development of a double
belt press process

The purpose of this development is to design a suitable
double belt press process by scaling up the molding
conditions acquired by the previously mentioned test
machine.

First, the necessary impregnation conditions (temperature,
pressure, retention time) were related against the material
properties (weight, fiber volume content, the number of
layers and thermal properties, etc.) . Using these relations,
the setting values for the processing conditions that achieve
the impregnation requirements is calculated, thereby
shortening the experimental period on the testing machine.
This method also helps to make test pieces and plays a
role as a tool for seeking the optimal design process for
production when the thickness or the kind of resin or base
materials are changed, as well as to improve production
efficiency.

Impregnation Composite

@
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Figure2. Schematic of production process going from left to right, with temperature profile of the belt (lower lines) and product (upper lines) during pressing.
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3 Development of continuous bending process by
roll forming

A simple bending process for the continuous production of
beam configured materials is necessary for versatile
structural materials such as thermoplastic composites
(FRP) to be used in industrial equipment. In this process,
a CFRP plate is fed through a series of forming rollers that
deform and shape the plate into the uniform cross-sections
shown in Figure 3.

a)

Figure3. a) Depiction of continuous bending equipment. b) Cross-section of rolled V, S, and U bends.
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4 Simulation of shaping process by roll forming

An application of CAD / CAE programed for a molding
process of a free-form surface has been utilized to simulate
the shaping of fiber materials.

The testing of the material’s mechanical properties that are
important for simulating the in-plane shear (by picture frame
test) or bending characteristics (own weight bending test) is
standardized.

b)

Figure4. a) Picture frame test. b) Shaping simulation by CAD / CAE molding process(open)
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5 Evaluation of continuous molding process
(measurement of porosity for FRP using ultrasonic
resonance technique).

We developed a measurement technology for examining
the internal structure of composite materials using ultrasonic
resonance. The resonance state is observed when the
ultrasonic wavelength excited in the composite material
matches the thickness of the material. We measured
the frequency at this resonance in order to analyzed the
material structure. This technology carries the possibility
to measure porosity in a composite material quantitatively
in a way that enables monitoring of the composite's quality
during the molding process. Comparison of the results from
this technique with the results from the X-ray CT image
analysis showed the same values, indicating that this
technique is reasonable. We will continue to advance the
development of these non-destructive inspection techniques
of composite materials.

Figure5. Setup for ultrasonic measurements of continuous molding composites
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2 Secondary Processing Technology

K.Uemura, Y.Kondou, M.Kanesaki, A.Sakamoto, O.lIshida,
K.Nunotani

A method to adhere CFRP composite materials to other
dissimilar materials (metal, resin, GFRP) without the use
of adhesive and a molding method which does not require
an anchor shape or primary processing was studied. This
enables a reduction in the number of processes and the
costs for glue or parts.

1 Development of superposition junction of CFRP
plate by laser irradiation heating

The development of a heat bonded interface is a reasonable
processing technique for these materials and testing was
carried out to find the conditions needed to do this.

First, the temperature conditions needed for the bonding
interface of a superposition of a CFRP plate by laser
irradiation heating was investigated. By initially using direct
heating of the bonding interface, the interface temperature
conditions required for bonding was found to be 280°C, or
over, as a result of the superposition bonding of the PA66
plate and CFRP plate.

Bonding was then also confirmed for laser irradiation
(by process of rear heating) of the same plates if the
temperature met these conditions at the bonding interface
during rear heating.

Based on this result, a joint superposition of CFRP plates
of 1mm thick each by rear heating was successfully
demonstrated.

Selection of the design specifications for the devices used
in the continuous bonding process were considered in the
following points:

- Laser irradiation conditions and the laser irradiation
system which meets the 280°C temperature condition at the
bonding interface.

- The temperature distribution with depth and in the
direction normal to the laser of the bonding interface which
shows a distribution that is larger than the bond area.

- Heat resistant design of the device against temperature

rises in the processing equipment.

a) b)

<)

Figure?. a) Laser irradiated surface, b) Bonded surface, ¢) Temperature distribution of material cross section (Infrared thermography camera)
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Delamination in
CFRP laminates

2 Evaluation of delamination repair by thermal fusion
bonding

A double-notch compression test was carried out in order
to evaluate the interlayer shear strength after repairing the
delamination in CFRP laminates by thermal fusion bonding
near the melting point.

The result of ultrasonic flaw detection of CF/PA6
delamination before and after the internal damage repair

is shown in Figure 8. A warm color in the figure represents
the degree of reflection from the delamination area and it
is no longer apparent after the repair. Therefore, at least
the delamination is cured geometrically. The interlaminar
shear strength in the region of repaired delamination was
recovered to about 80%. The repair condition should be
improved to fully recover to the level of the intact specimen.

Figure8. Ultrasonic flaw detection results before and after the repair by thermal fusion bonding in CF/PA6 laminates.
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3 Material Development

T.Tsukegi, G.Mohamed

Carbon fiber reinforced thermosetting plastics using
thermosetting resin (unsaturated polyester or epoxy resin)
has caused concern about (1)long molding time (2) difficult
shape design (3)being an inhomogeneous material (4) high
expense and (5) difficulty for recycling.

Carbon fiber reinforced thermoplastics developed at ICC,
as an alternative to the thermosetting resin counterpart, is
expected to overcome some of the problems CFRP holds
(mass production, weight reduction, and low energy).

As it is also reformable and easy to recycle, it is able to bring
a significant contribution to realizing a recycling-oriented
society.

1 Mechanical and antistatic properties of hybrid fiber-
reinforced composites with lignocellulosic and
recycled carbon fibers

In order to enhance the mechanical properties of PLA
(polylactic acid) /PP (polypropylene) polymer alloy, hybrid
fiber-reinforced composites (hybrid-FRC) including 30wt% of
biomass fiber sLCBF (short Lingo-Cellulosic Bamboo Fiber)
and 5wt% of recycled carbon fiber (RCF) was studied.

As to the mechanical properties, the hybrid-FRCs showed
excellent tensile strength 168.7% higher than the polymer
alloy, and an elastic modulus that was 154.4% higher.
Functionally, an antistatic function was observed due to the
great reduction of both surface resistivity and bulk resistivity
of the hybrid-FRC.

These effects were best described as a condition of the
orientation and dispersion of fibers as was investigated by
morphological observation using X-ray CT.

This study hinted at the possibility of hybridization of fibers
in carbon fiber composites by finding these improved effects
of combining sLCBF and RCF.

sLCBF RCF

Figure10. X-ray CT images of composites.

A:PLA/PP[25/75(Wt%/wt%)]

Figure9. PP / PLA alloy test pieces

B:PLA/PP/sLCBF[17.5/52.5/30(wt%/Wt%/wt%)]

C:PLA/PP/sLCBF/RCF[17.5/52.5/30/5(Wt%/Wt%/wit%/wt%)]
D:PLA/PP/sLCBF/RCF/MAPP[17.5/52.5/30/5/3(Wt%/Wt%/Wt%/wt%/wt%)].





