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Overview of Innovative Composite Materials Research and Development Center and of COl STREAM program
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Kanazawa Institute of Technology has set up the
"Innovative Composite Materials Research and
Development Center", hereinafter referred to as ICC. The
ICC, currently in its third year, has established a research
and development system as an international innovation
base. This system supports different industries and different
fields, as well as other universities and research institutes,
for their interdisciplinary research in solving issues with
which Japan and the world holds.

Through close cooperation “under one roof”, a total of 3,200
researchers from other universities and companies have
come to visit. Almost twice as many researchers than in the
previous fiscal year have used ICC and have conducted
active research and development activities.

In the COl STREAM program, Phase 1 was completed after
three years in 2015 and was evaluated as the
comprehensive rating "A" in the first interim evaluation. The
research activities such as the development of various
materials and processing technologies and the partial
success in developing prototypes, as well as its activities as
a platform, were highly valued.

With the success of the Open Innovation platform after two
and a half years from its opening, this evaluation
demonstrates that ICC serves as Japan's only large-scale
platform run through industry-university cooperation for the
composite materials industry. This was done beyond
expectations by using the accumulated technologies from
various participating companies and institutions, forming
ICC's know-how and its core of research and development.

Also, with the adoption of the "Regional Science and
Technical Demonstration Center Development Project” in
the supplementary budget for FY2016, ICC aims to
accelerate research and development of innovative
composite materials towards commercialization.

A closed area demonstration hub adjacent to the present
ICC location will be established with the aim of providing a
seamless development environment with open to closed
demonstration stages, and synergistically creating a new
exit strategy.
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1 Amendments to ICC management regulation

ICC management regulation was established for ICC’ s
needs in the FY 2015. After three years from launching,
previous operations have been reviewed and some
amendments were made in "Regulations regarding
Kanazawa Institute of Technology Innovative Composite
Materials Research and Development Center", "Usage
policy of the Innovative Composite Materials Research
and Development Center" and "Regulations regarding
Kanazawa Institute of Technology the Organization for
Advancement of COI Resarch,"

2 Acceptance of researchers

Based on the Kanazawa Institute of Technology's fellowship
regulations, ICC accepts researchers enrolled in companies
who conduct joint research with ICC researchers. They
are chosen by their resume or research experience by a
corporate personnel committee. 23 people were newly
accepted for FY 2016, totaling 62 researchers.

3 Practice of ICC user's initial training and safety
activities

As in ICC's original act, the ICC safety committee has set

up an annual safety activity plan and has carried out a

safety patrol within and outside of ICC to pay adequate
attention to researcher’ s and visitor's physical safety.

4 Budget execution

The "budget management system" was officially introduced
in FY2016 to ensure timely budget management for the COI
STREAM program. lts implementation achieved a unified
management of data and labor savings.
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5 Patents, etc.

In FY 2016, a patent search was again carried out
specifically on five technology themes, providing information
about Japanese Patents, European Patents, and German
Patents, as well as non-patent literature.

6 Public relations and outreach activities

Intensive external outreach and information collecting
activities regarding R&D of carbon fiber composite materials
were conducted. Four companies from COI participating
companies exhibited in a joint booth at CFK Valley in
Hanover, Germany. Composite Highway Convention 2016
was co-hosted in Gifu prefecture and presented ICC's
activities and achievements.

7 Acquisition of external funding

ICC was approved as a base for bridging research
institutions by the Ministry of Economy, Trade and Industry
(METI) as in the previous fiscal year, and worked together
with other companies. In addition, a lot more joint research
between companies was actively conducted compared with
the previous fiscal year,

8 Membership program

The number of participants in a membership program which
dispatches researchers to ICC to share the convenience
of knowledge concerning carbon fiber composite materials
held by Kanazawa Institute of Technology has greatly
increased. Thirty-four institutions have newly joined in
FY2016.

A "Membership Forum" is held every month, starting from
this fiscal year, to nurture the human resources of its
member companies and to introduce the research activities
of ICC.

AVN=ZX T2 =5 LEER

9 Users and visitors

User attendance for research at ICC (ICC dedicated
staff excluded) was 3,285 people in FY2016, more
than twice than the previous fiscal year, and has been
increasing every month. Also, there have been more
than 1,275 visitors and great attention has been paid to
the industry-academia collaboration, creation of local and
new industries, as well as the details of the research and
development of ICC.
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10 Specifying resident classification

In order to maintain safety and confidentiality within the
ICC facility, a display system was introduced the previous
year to check who is on duty. In FY2016, the number of
ICC attendants for research has doubled and clear visual
classification was provided such as ICC staff, external
attendants, and students.

The main changes are the display system, cap colors, and
the wearing of bibs.

11 Security Export Trade Control

At ICC, export and import technology offer transactions are
strictly managed in accordance with the Foreign Exchange
and Foreign Trade Law.

Multiple ICC staffs received an external seminar for
universities and educational institutions called "Export
Control Day for Academia" to enhance knowledge on
security trade management for carbon fiber composite
materials.

12 Regional Science and Technical Demonstration
Center Development Project

ICC's extended development project jointly proposed
by KIT and Ishikawa Prefecture (Completion scheduled
for: March of 2017, Equipment cost: 300 million yen,
Facilities: 400 million yen) was adopted as "Regional
Science and Technical Demonstration Center Development
Project" targeting universities and local governments
(supplementary budget for FY 2016 includes a total of 15
billion yen) by the Ministry of Education, Culture, Sports,
Science and Technology.

Center Name: "Innovative Demonstration Development
Center through High-Speed, Continuous Manufacturing
Process of Composite Material Development"

This project aims to provide a consistent developing
environment from basic research to product development
by creating demonstration environments and facilities for
each project, and to realize local economic revitalization
with the creation of industrial centers by accelerating
commercialization,

13 Management of the Organization for
Advancement of COl Research

ICC continuously carried 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 and systems using innovative materials -
Realization of a safe and secure society that can coexist
with the Earth for centuries". The following actions were
mainly made:
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1 The first interior evaluation accompanying the
completion of Phase 1 over the three years from FY2013
to FY2015 was held at the Japan Science and Technology
Agency (JST), and also ICC as a core base of the COI
program was evaluated as a comprehensive rating "A" in
September 2016.

The promotion framework ‘s consistent building and
promotion efforts were evaluated as "a cooperative
research promotion framework, a collaborative framework
with a wide range of participating companies, and a
research advisory framework by external experts, etc."

2 At the start of Phase 2 for the next 3 years from FY
2016 to FY 2018, research themes were reorganized
and developed into two major fields of common member
molding technologies such as large flat plate or long
structural material, and basic technology development
including material technology and evaluation technology.

In order to further accelerate the application of a theme
that shows more concrete implementation, a task team was
launched for each product theme that bundles the functions
across the research groups.

3 Three companies were added while one company
was excluded from the COl members and a total of 28
participating institutions have agreed to conclude an
amendment on the joint research agreement.

B E R e
[ XEFR ¥R | [ ST TLR
\H H H EERE (SR, -
CTH(BHKE. REH) | L AR

WG1-a

: B ()THE). RADE Py
T-d ARTFR Y : .
($LENRRTL—F) : (ﬂniéﬁ?ggg/i) (FHE2E. 05
: EW— BRI T AR & THERTM)
. BREEHE | H F—TLAT YT +
_— (—EWEMR) AT L ARE \ wG1-b
e AT v
(REMERT L= 1) — SIRERFY ZLARB R
HRAUTS FRysEp2 R : A=\L74=3V 7R
[ &# BE EA
M 1 - WG1-c
(KmEH) | ST e
e me [ a7m ] =791 07407 (BAIF ML, §E)
(FRP/AY 2 Ym b\ Ty ) (R #H) : Elb &322
Tt SV EFVA— : (7'1/_|:)
| AvEH :
BH-EE () 3|k =M
WG2-a WG2-b
. R .
T-a B%/52L SITH P P B2 4T
- (REHH. WALRHE, (HHBHEVAE)

NAF VYA I)L)

7 1—X2 O R&E

Ml ICCICHITREFEDEHEE Collaborative activities of industry, academia and the government in ICC
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1 Ishikawa Carbon Fiber Cluster

Kanazawa Institute of Technology was adopted as the
“Regional Innovation Strategy Support Program” by
the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) through cooperation with Kanazawa
University, the Industrial Research Institute of Ishikawa,
and Ishikawa Sunrise Industries Creation Organization, and
has been implementing the Ishikawa Carbon Fiber Cluster
project for five years since FY 2012,

In this program, we aim to raise the technical capabilities
of conducting research and development of carbon fiber
composite materials, commercialization support, and
human resource development for companies located in
Ishikawa by inviting researchers and coordinators from
outside the region.

These activities have led to the establishment of ICC which
has made some great achievements. This was made
possible through the adoption of the base development
project in FY2012 and of the COIl program in FY2013,
in addition to project organization and the giving of
business-matching opportunities by acquiring research
funding such as the Supporting Industry Program for small
and medium-sized companies within Ishikawa.

The progress and results of the activities for the previous
five years were reported in a meeting in January, 2016
at the final fiscal year of the program, and described
the continuation of our activities such as research and
development, commercialization support and training of
human resources, and also on future activities for emerging
the region into a major production base of carbon fiber
composite materials.

2 Tokai-Hokuriku Composite Highway

Kanazawa Institute of Technology ICC established the
Composite Highway Consortium in November, 2014
together with the Nagoya University NCC, Gifu University
GCC, and public research and testing institutes in Tokai
Hokuriku area, and with support of the local governments
and Chubu Bureau of Economy, Trade and Industry.

We are engaged in activities to form an integrated center
and an industrial cluster for composite materials, spanning
from research and development to production, processing
and assembling of CFRP by building a domestic supply
chain.

In FY2016, various initiatives were implemented such
as raising the technical level of companies engaged in
research and development, increasing companies, and
leading projects aimed at creating outlets of CFRP. In
September, "Presentation on Case Studies of CFRP and
Advanced Fabrication Technology Tour" was held at
ICC and, as an example, gave a lecture on a company's
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commercialized CFRP marine propellers and ICC's
advanced molding technology, and demonstrations of each
machine were given. In October, "Composite Highway
Convention 2016" was held in Gifu City for which about
400 people, including downstream users, small and
medium-sized companies, universities and public research
and testing institutes related to composite materials,
gathered for technical exchange and business-matching
opportunities. Furthermore, as a Project Theme Study
Group looking towards a successful exit strategy, three
study groups were held and entries for development themes
aiming for filing for next year's Supporting Industry Program
were accepted by focusing on activities for concrete
commercialization.

3 JETRO RIT Program

In order to further advance overseas business development
of domestic companies that we have supported so far, ICC
applied for a preliminary survey project of the RIT (Regional
Industry Tie-up) program of the Japan External Trade
Organization (JETRO) and was adopted as a target project
in FY2016.

The RIT program helps small and medium-sized companies
interested in overseas business with their excellent
products and technologies but who cannot be managed
by themselves because of shortages of know=how and
business networking, by promoting business exchanges
with overseas regions on a group-=by-group basis. It also
helps to boost the revitalization of regional industries by
exportation, technical alliances, joint product development,
etc.

So far in this fiscal year's preliminary survey project, ICC
has investigated CFK-Valley from Lower Saxony State,
northern Germany, who has been contacted as a regional
interaction partner, and both sides have agreed to promote
mutual exchange.

More than 100 companies and organizations related
to composite materials from upstream to downstream
are organized in CFK-Valley with Airbus, an aircraft
manufacturer, as its center.

In the next fiscal year's main activities, specific business
matching between companies under the umbrella of
CFK-Valley is planned.
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R 28(2016) EEDIFFEREE Research activities for Fiscal Year 2016

BF #35 $E /%% : Toshihide Sekido Senior Advisory Engineer / Professor
BHNA /R=2a3VAIHTOS 54 (COI) ETRMAFERITOWVT

For the Center of Innovation (COIl) Kanazawa Institute of Technology based project

Fik W|oh  EPEHEI—FT 1 R—H— : Yoshihiro Saito Coordinator of Industry=University Collaboration

ICC D RTM BEERMBETI QY T/ MID2WT
About RTM molding technology project of the ICC

P #43X HFRA : Hirofumi Nishida Researcher
REOMRARE REEHMADERHROID

Action of R&D of the resin and the application study to a molding technology

AME - JkE #HEE : Ishida, Kitada Researcher
ABEERIEESHEY— FORRAR
Development of thermoplastic resin composite sheet

B - %4 HRE : Shirai, Nunotani Researcher
A EERIEES R ORI

Study on forming technology of thermoplastic resin composite material

fER - IRA  FFEE : Uemura, Sakamoto Researcher

RATEEHIEESHHOEARTHE
Research on bonding technology of the thermoplastic resin composite material

£ - iRk HIXE : Kanesaki, Tsukegi Researcher
#BEMHTR

Composite materials research

EE 28 (2016) 4EBE B : Achievement in FY2016



9107 Wagg o3sr lof SAPD YIS

A &=
Toshihide Sekido

XBE/JSTOCOIZRYSAIZE IR EHMRICE SR
RAVISVRATLAOWE|ORET—IE. RRITEKE 1CC
FEYEEEOHRMAELAL LU TEELTWDAVISVR
FLELTRTBEAV IS THEBAV 75| [Bh-FEEIV 7
FIERELTED . WIFNERFRBHESHEHOBREME &K
DHEENBETH S,

AARDEBT -V CHLHEMREETOBERE|OT—TIl
ERUVHEFEZCOESRIELUTOED ZFEDHT-,

FEHRERMICEATHEERRERN).[FLAREMIT &K
WIDED EICIEAREMEEDORBICHERT Z RN T B
NRBERZ WThEEZTEETCHEELTWS,

1. WEE SRR B

(MNFTURILECEDERMETO LR (REM - RRFER)
BbMEREM E R BMEREV ILLALOEBEEEZLTO
AF=ILET TILRI)L L TRATEEL . NEY — > TS
ERBUBHOMEERLOSHY —Y CELT 2E S
ERITZTOCRAEFG AEFMEREMADY— EEER
NRE28FERZ BESROAHNZILDEHRE . ERY
Sal—YavEilizmELx,

(2) REFIROBE M (RAR. TV Ry F#)
SHEH2.3MmANSLD (D) YV RA Yy FFRPEERER
HARBRFECEHEHRICEETZ2/OLR AT7HHIENEVE
ERERLE2ED)ITHADERERNLE28EFE(IZ /N
CABEEBEORFEETT L. SEOREERTEREREA
(=1)

(3) BWHRH ORFES SRR
ATEERELZ (BEER) T/ Y—DRBETEAREL.R
RTN#ES S TR OIHRBEET S FIRPHIM T T
BANA T EDREEOBRFRIMTEHERET 2,
RERENATORMERHZT>TED REBMICIIFRET
HBHEEERB LI

(4) Oy R D5 R il
FHEAROTOCLATRAEUHBMEZRFRPOY FH O
EHAREEIT THD. Oy FHFR{EMEDNROEE R0
RELVERESRBERA RLRADNRA Y b 28FEIZRA RL
A2 ETINEHRERBLTE N BEET OO RREBREH,

2, 7L AR DN T £ i

(1)EGERE 7Ot (RRMTH; CRL/\vy M EME)
a.A=)L74—ZV/mEmT
BRICBHERBESCTFORTEERENERAK SN -FRE
L RN nu#z&vms%%aétrnmu—‘—ﬁ??ﬁﬁw
FERICNEBELUZERISHNO—>—HTCELLIEZE
ﬁFRP}JEI7Dt2‘C‘%6J§E\DﬂIuno)ﬂ—?—ﬁﬁl‘]LOD

JSTOCOI 7RI SLICEITS
[EHFMBRHIEDRIMRA VTS5 AT LDOBE]

Construction of next-generation infrastructure using
innovative materials in the COI program

Innovative manufacturing technologies including "resin
impregnation molding technology”, "press molding processing
technology", and likewise "secondary processing technology"
is required for practical use of large structures. All of these
technologies have been promoted through the collaboration
of industry, government and academia.

1. Resin impregnation molding technology

(1) Continuous manufacturing process by a double belt
(intermediate material / long flat plate)

A process of sandwiching a stack of a reinforcing fiber
material and a thermoplastic resin film between upper
and lower steel double belts, impregnating a resin under
pressure while melting it in a heating zone, and solidifying
in a cooling zone. Uniform, high speed impregnation into a
continuous/discontinuous fiber material is necessary.

In FY 2016, we clarified the mechanism of resin impregnation
and constructed impregnation simulation technology.

(2) Molding technology for large flat plates (monolithic plate,
sandwich plate)

A process of efficiently mass producing sandwiched
FRP structures, mainly with dimensions of 2-3m?, using
inexpensive equipment.

It is important to use low pressure molding so that the
core material does not collapse, and to have high speed
impregnation into many material ribs.

In FY 2016, a process development unit for the prototype
was completed and prepared for future review (Figure 1).

(3) In-situ polymerization and pultrusion molding technology
for various materials

To perform pultrusion molding, a low viscosity monomer
thermoplastic resin is injected and impregnated and provided
heat for polymerization into the mold.

Molding technology for hollow bodies such as pipes as well
as flat plate and beam will be developed.

A trial piece of hollow pipes is currently being studied and
has confirmed its possibility in principle.

(4) Pultruding technology for rod materials

In a process similar as described above, it is a continuous
molding technology for thermoplastic resin-impregnated FRP
rod materials.

Since the rod material has a twisted reinforced fiber structure,
to obtain a stable resin impregnation and a voidless product
is required.

In FY 2016, a voidless model-based test was studied and
the effect on the mass production process is being further
reviewed.

2. Press molding technology
(1) Continuous molding process (long span beams;
C-shaped, hat-shape etc.)
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Figure 1. Innovative large flat panel molding device
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Figure 2. Continuous press forming and processing machine

a. Roll forming process

A continuous FRP processing method wherein an
intermediate material in which a thermoplastic resin is
pre-impregnated and molded in a reinforced fiber laminate
material is heated to melt resin and, compressed and
shaped into a predetermined shape by heating rollers and
immediately solidified with cooling rollers.

Currently, improvements in the cooling and solidification
process are being studied in order to improve the mechanical
properties of the product.

b. Tape layup / continuous press molding process (Figure 2)
A process and equipment development which continuously
processes the material into a product shape. Multiaxial
prepeg is layed up by an automatic lamination device, and
formed with an intermittent press (heating / pressurizing /
cooling) using a forming mold.

In FY2014 we developed an automated layup device using
CFRTP tapes for industrial use.

(2) Stamping molding process (three-dimensional molding,
complicated shape)

In order to mold thermoplastic FRP flat plates into various
three-dimensional product shapes, a basic approach
involving a servo press forming method using an active
control based on mold information (pressure, displacement)
was studied.

Also, press-flow forming (rib formation) of discontinuous
reinforcing fibers in contact with continuous fibers was
investigated. A hydraulic press method will be studied in
the future since pressure control is difficult by using a servo
press machine.

3. Secondary processing technology

(1) Joining technology

We are now focusing on joining of thermoplastic CFRP
(CFRTP) and the key to this is to thermally weld the joint
surface efficiently. The methods considered for welding
the joint surfaces were: (1) ultrasonic welding method, (2)
induction welding method, (3) laser heating welding method,
and (4) plasma treatment method.

Analysis of some factors like heating temperature,
pressurizing force, timing, and etc, and their influence on the
adhesive strength and its optimization is studied.

As a result of starting the study on bonding between CFRTP
and different materials (especially metals), it was found that
the welding mechanism and the effect are quite different
for both the ultrasonic welding method and electromagnetic
induction welding method.

Plasma treatment on the metal surface showed a possibility
of chemical bonding with CFRTP.

(2) On-site warp processing technology

This is basic research on bending process by local heating
method in order to develop a simple secondary processing
method of FRTP having an open cross section consisting
of a circular arc and a linear shape, and also a continuous
processing method for long materials.

The basic study of both a free and restricted bending process
is reviewed and the degree and the effective range of wrinkle
of the reinforcing fiber generated at the processing region are
closely studied.
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ICC's research activities regarding RTM molding
technology

In parallel with the development of a thermoplastic CFRTP
with the future in mind, ICC started research and
development on resin transfer molding (RTM) technology as
a priority theme starting FY2016 in order to broaden the base
of the entire composite material field, to popularize the
technology in the domestic market, and to overcome the
problems of the current RTM molding technology.

As part of a concrete effort, ICC concluded a cooperation
agreement with Mitsui & Co., Ltd. on the development of
composite materials, was lent HP-RTM equipment (600 tons)
by Krauss Maffei Company which has been the most
successful in molding European automotive parts, as well as
KUKA-made two-axis robots, and further research and
development was initiated.

In July, 2008, we held a RTM workshop and 20 OEM and
Tier1 suppliers for domestic automobile manufacturing
participated. So far, ICC has concluded four individual
collaborative research agreements with automobile related
industries and material manufacturers, and has carried out
numerous research and development projects including
participation in the NCV (Nanocellulose Vehicle) project with
the Ministry of the Environment.
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Development of thermoplastic epoxy resin and research
for applying the resin to various molding techniques

In the research and development of FRP, the technique
improving various material characteristics (rheological
properties, cure speed, pot life, etc.) to fit mass production
processes is required as well as the material’s performance
itself. Chemical approach is so important for this purpose
that ICC conducts the development of resin materials
covering even the molecular design of monomers for
matrix by backcasting from the viewpoint of improving FRP
performance and its compatibility with the manufacturing
process.

ICC has been involving in the research and development
of thermoplastic epoxy resin whose curing mechanism is
controlled so that it can polymerize to form a linear polymer.
This resin has not only excellent adhesive and mechanical
properties originated from epoxy resin but also high
toughness and energy absorption property, recyclability,
reshapability, and applicability to stamping molding. In
addition, this thermoplastic resin is ‘in situ-polymerizing
type’, that can be applied to VaRTM and pultrusion which
require liquid impregnation, and is also possible to use as
sheet adhesives and molding chips or thin layered random
stampable sheets in which thermoplastic epoxy resin is
impregnated. Furthermore, fusion bonding using ultrasonic
welder and roll forming have been studied as an example of
secondary shaping.
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o Yo -~ (- o
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Figure 1. Molding methods applicable to each polymerization stage of Thermoplastic Epoxy Resin
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Development of carbon fiber reinforced thermoplastic
composite sheet in COI project

We are currently implementing research on production
technologies for carbon fiber composite material.

Through COI activities, development of continuous
long-CFRTP sheet molding was performed using a double
belt press machine (DBP).

Our challenge is to permeate the high-viscosity melting
thermoplastic resin on the carbon fiber material and
investigate the impregnation mechanism, optimization, and
high rate process with the cooperation of Sandvik K.K. and
the Industrial Research Institute of Ishikawa.

In 2016, by optimizing the process and improving the base
material, we achieved the production of 3mm thick carbon
fiber composite sheets (PA6), with a flexural strength of
650-700MPa at a belt press speed of 0.5m/min.

We also introduced a high-speed heating device to realize
faster molding.

Separately, a random sheet production technique which
holds both high formability and mechanical properties using
discontinuous carbon fiber was studied with SUNCORONA
ODA Co., Ltd. and led to the development of continuous
processing of excellent isotopic sheets.
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Figure 1. Process simulation
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Development of continuous production technology of
Carbon Fiber Reinforced ThermoPlastic sheet
by Double Belt Press

In this study, we developed effective mass production
process technology for CFRTP Sheet using a double belt
press. To achieve this target, we developed a process design
method for the double belt press process, by which a profile
of the impregnation rate can be calculated.

As we apply this method, not only can we predict more
appropriate operation parameters in advance without a
material test, we also can design an optimized and scaled up
process. We installed a quick heating device to our double
belt press based on the effective process model of this year.

(i(?) @%@

IH Heating Press Zone

Figure 2. High Speed Impregnation Model
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Development of the innovative press forming control
technology for CFRTP

The primary goal in this research is to develop pressing
technology which enables implementation of continuous
press molding process. It is to ensure the quality of
continuous molding during the press molding process by
monitoring the resin and fiber behavior in the molds during
press molding.

In the end, the goal is to perform press molding with
consistent quality by predicting the quality of the molded
product and autonomously controling the press conditions
using the monitoring data given during the press forming
process.

In the FY 2016 research, a sheet heating machine which can
heat a large-sized sheet was newly installed in addition to a
2,000 kN CFRTP hydraulic press machine introduced in FY
2015, and established a device system that can investigate
CFRTP press molding system.

A monitoring system that enables us to monitor material
behavior in the molds during the press molding process by
attaching resin pressure and temperature sensors mounted
on a molding die, and a displacement sensor for measuring
the displacement of a molding die, was established to
integrate the respective sensor signals and to perform
recording and analysis.

Using this monitoring system, molding under different press
conditions such as sheet temperature, press load, time, and
etc. was examined. As a result, a certain mold behavior
phenomenon was confirmed just before the press die
became stationary and completed the motion.

Comparing with the behavior of this metal mold and the
mechanical properties (bending) of the molded product, a
tendency showed that the mechanical properties are good
under the press conditions in a certain inherent behavior.
Therefore, the possibility of judging the quality of a molded
product by monitoring the press forming process was found.
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Development of bend forming for FRTP laminated sheets
by partial area heating

This research aims for the development of a production
method for FRTP construction materials to be used in simple
sections consisting of a straight line and a circular curve. For
this, we studied simple bend forming only by partial heating
of the FRTP laminated-sheet and the bending support. Test
forming was taken as a “V” shape with one bend corner. It
was formed at the inner radius of the bend using supports
of different radii. Afterwards, damage such as delamination
at the curved laminated portion was observed. Results
revealed that the delamination and wrinkles appeared
without using the inner support. In contrast, the delamination
did not appear when using the inner support. In the case
of the curved beam with only wrinkles, linear stiffness was
observed. Therefore, simple bend formed parts with only
wrinkles will be an ample hope for using stiff parts.

VALLAALAY

AR R AR AT

Overall heating Pressing and cooling

\l
(a)Press prosess

W § )
o €%

Partial heating Jig of fixed Angle
(b)Free bend forming

(%>

Inner support

10

Partial heating
(c)Bend forming with support

Figure1. Prosess of each Forming

(c)Bend forming with support (Rin=10.4)

Figure2. Section of Specimen (CF/PA6.6)
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BUEFBHCIIZBEETV. SV IV TRRBRICED EEREDP
TAtAOEREEFMLUI-. BERABZBRER2(IC.ABEOR
FERE3IC.ERBRER4LICRT,

Load
Load
CFRTP 2 1
Steel Stae?FRT P F-&
Ultrasonic welding - ~
Electromagnetic i
induction welding

Figure 2, Ultrasonic
Figure 1, welding by ultrasonic and electromagnetic  welding machine

BHFHABF I ANNIICL2ECEOEARAL CLNES
ANBLTHENHALL. — A BERBETIE. EAED
BEICKIEAEFBONED > BB UCFRPANINIE
[CRBTHETABDEMPERORES(CHAILTESSD
NEMT 2N EREIN BRFHBZEONBEHEOKT
ZESIC.BERBBONBHEAORFEREICRY JESEIZ
BRETEFAEPEBENB I TVWIRFHIID D,
E1DHdlarge hole DSy 7 T7HBHROEBHEZRT7ICRT .

Figure 5. Hole section
(Electromagnetic induction)

Figure 3. Ultrasonic welding

Figure 6. Hole section (Ultrasonic)
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Different material joining of CFRTP-Steel by ultrasonic
and electromagnetic induction

Our thermoplastic resin composite materials are currently being
developed for the application of thermoplastic CFRP products in
mass=produced vehicles.

For this, it is required that the CFRTP be joined to other dissimilar
materials such as iron and aluminum in order to make multi-material
structures.As shown in Figure 1, welding by ultrasonic and
electromagnetic induction was performed on a processed steel
plate and CF/PP, and the strength of the adhesive bonds and the
applicability of the process were evaluated by a lap shear test.
The ultrasonic welding machine is shown in Figure 2, the state of
welding is shown in Figure 3, and the results are shown in Figure
4. It was found that with electromagnetic induction welding, the
adhesive strength decreased proportionally with the decreasing area
of the joining surface caused by the machined holes. On the other
hand, bonding of the test surfaces using ultrasonic welding was not
successful, but it was confirmed that the adhesive strength increased
in proportion to the increase in the number of holes and the size of
diameter due to the flowing of dissolved CFRP through the holes.
Figure 5, shows the cross section of a hole after electromagnetic
induction welding and Figure 6, shows the cross section of a hole by
ultrasonic welding. The results indicate that the bonding surface does
not melt and instead the intermediate layer in the cross direction is
melted,Figure 7, shows the behavior of the large hole from Figure 1
during the lap shear test.

In the case of electromagnetic induction welding, brittle fracture
occurs through separation of the joined surfaces. For the ultrasonic
welding, the load is held even after fracture initiation, due to the
interlocking effect of CFRTP, even though the joint strength itself is
low. Therefore, one of our challenges is to improve adhesion at the
interface during electromagnetic induction welding because of the low
bonding strength and brittle fracture behavior that is shown, though
it may be welded by heating the steel. For ultrasonic welding, direct
welding with the perforated iron plate cannot be done, but strong and
durable bonding is possible by the shaping effect of CFRTP through
the holes.

|

Rl ‘ Electromagnetic
JE_:. :z | Ultrasonic weilding
g e[ @ | Bl
@ 6 [ e
e 5|
g 4
2 2|
g o~ —— ——— -~ —— —— Figure 4. Jointing strength
[ - - by each heating method
Flat one hole five holes large hole
Form
4000 Electromagnetic induction
Zg Ultrasonic
z *
'8 2500 |
S 2000
2 1500
& 1000 - Figure 7. Behavior of the
500 | large hole during the lap
0! - shear test
0 1 2 3 4
stroke[mm]
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HOERKXOBERMIEREEILSINTWARW, £/-.CFRTPAL
DBREEAZRBGELHEONMIINTVWARW KRR TIE. L= %
WEESREMRAREESNCL A EARNERITSL
EHIC.CFRTPRERL—Y EHRAE VAT LAEMBHET %,

ERAhEEEOEAREEVWRLIIMBAT 2 TECOVTD
BREZTVWEREHLEESETS LAIOCFRTPIRMICL—HB
BRAOEBENERALUCFRTPICEREL —YRAMAT 2 TE(R
DNZEAWVWT. RERICCFRTPRE BT OEREHLEESEITL.
CFRTPRMBETOERELEEAN AR THIELEEAL .
(22)

Experimental apparatus: Fiber laser processing machine
SPF320 / SFX1800 made by Shibuya Co.

Figure 2. Lap-shear specimen by laser irradiation

CFRTPEEGBL—YERAES AT LD

Development of CFRTP laser welding system

Continuous bonding techniques such as continuous joints
using bolts and rivets, laser welding, ultrasonic bonding, and
electric welding are practically used for materials like metals,
and not composite materials.

On the other hand, bonding techniques using an adhesive or
rivets have been put to practical use for composite materials
such as CFRP, but a continuous welding technique has not
been established yet. Also, the conditions for weld bonding
of CFRTP to CFRTP have not been clarified.

In this research, we clarify the method of laser-heating the
bonding interface, establish fusion bonding technology, and
develop a laser continuous welding system for CFRTP
molding.

We investigated an effective way of heating the bonding
interface of superposition joints and provided a hole for laser
passage on the upper CFRTP plate to be given direct
irradiation and heating with laser radiation.(Figure 1) It was
confirmed that a joint superposition of CFRTP plates could be
demonstrated.(Figure 2)

- 4 !

Figure 1. Lap-shear test by laser irradiation
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R¥FEM#ERIL TS RAF v (carbon fiber reinforced
plastic:CFRP) (3138 - LEAIMEICEBN 2 Z e D X BEO
BEMELTUEAIN TV, — A /NEDEHRPTEDETSE
DEANGELZETCH>CEABICEABEINNLEBIZHS
DRBERESE BRERBREDETE3IERITZITH
METIE KRB RCRITERETSZXF v (carbon fiber
reinforced thermoplastic: CFRTP) AEBICF4 L=ERAIE<
MAERBBICL>TEETSIZ LT REFAEM EEEHELT
WB, E BRPAZHNRUEETEIRITOREEHR T
CEEHMICBRAEE TORRMEICEELTVWS,

FRBRTIF.CF/PACERHBERICHREZES A TERISH
FHALEE(E1).200°C~220°COREHMINEREE 2
BEL BELEBEEIEBOTAKRBELEREVWIREER
ERCTMEL-. ZDOER.210°CERENSBREIZ<HERET
El F - MBARENEAVU RERBAERTSZET.EEB
CABRENA LT 2EAN AN (R2) —A . BERE
220°CTIRABA D SHliES KUOBENARH U,

SHROEROBERECRENROBEADEDHEZHERI LS
BEANZZLEFABL W EL. EROBEDHEFB% #
LEDZ -0 BAERERE LTV REL-BHEEET
ZNRBTINEVHERICHDELTMFRICHLTERE %
HEHTWES,
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Relationship between repairing condition CFRTP by fusion
bonding and mechanical properties of repaired region

Out-of-plane impacts cause internal damage such as
transverse cracks and delamination in CFRP laminates. In
particular, the delamination causes a reduction in the in-plane
compression strength. Therefore, we aim to improve the
damage tolerance of carbon fiber reinforced thermoplastic
plastics (CFRTP) by repairing delamination using thermal
fusion bonding (TFB). We focus on TFB near the melting
point for the purpose of maintaining the original shape and
recovering the mechanical properties. We also focus on the
fused surface during the repairing process to clarify the
relationship between TFB conditions and mechanical
properties at the repaired region.

Thickness
¢ »

- -}

Cength

\J

Back side surfac

Figure 1. Ultrasonic inspection images of delamination before and after repair in CF/PA6 laminates.
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Figure 2. Relationship between repair temperature and interlaminar shear strength
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R¥%EH (Carbon fiber:CF) IR/ N LB A PHEMR
ICEBhTWAIehn BB EBELZEASbE-EEHELE
LTHBEN TV, UM URREICIF. DR M TS KT
YA INENEZ<DBBEERAIA VSN ZI T UHA V)L
PRENIEOBVWATEEEEEBAVW - KEREESH
(Carbon Fiber Reinforced Plastics:CFRP) DEFFRH D
SNTWR. AFFEIER)7AEL Y (PP) EER L ERLLA L
LTPPR7ZAA/¥—E BFEOEKILAVER) FOELY
(MAPP) ZZRU.CF(aM#) cOFRmMBEB/EETML . (R
1) REBRICCFRPEMARBICREUE—_ERESEF >TLIVYY
ZADORY T2 IVILTIR(PAA) ICERU-BALAERMESE
5 CCFRPOFEBEEMNMAPPE LB LI35% M ELT
CEeEREBLE. (HE2)

iPP-PAAXZRW-CF/PPD
FRECAKBEICETSIHRE

Study on interfacial shear strength of recycled CF / PP
with iPP-PAA

Carbon fiber (CF) is lighter than metal and excellent in
strength and elastic modulus, so it is used as a composite
material combined with thermosetting resins. However,
composite production has many problems such as cost,
processing, recycling, etc.!) Therefore, research on Carbon
Fiber Reinforced Plastics (CFRP) using thermoplastic resin
with high recyclability and molding processability is
proceeding. In this study, polypropylene (PP) was used as
the base material, and the interfacial adhesion between the
compatibilizer CF ionomer and existing maleic anhydride
polypropylene (MAPP) and CF (short fiber) when kneaded
was evaluated. (Figure 1) In fact, by adding a compatibilizer
synthesized to polyacrylacid (PAA) to Telechelix having
reactive double bonds at both ends, the interfacial adhesion
of CFRP is confirmed to have improved by about 35%
compared with MAPP.(Figure 2)

1) A Survey Report of Manufacturing Process and Industrial
Application of CFRP. Masahiro Furuhata, Fuminori Hashizume, 2009.

Table, Sample compounding ratio

PP MAPP

WT% WT%
Entry1 100 -
Entry2 100 3
Entry3 100 -
Entry4 100 -
Entry5 100 -

I RPN
%+VT%YW+%

Scheme 1. Structural model of iPP-PAA with CF

60~12um

e

Figure1. Micro-Droplet test

IPP-PAA IPP-PAA-NA RPP-PAA
WT% WT% WT%
3 = =
- 3 _

- - 3

m%wwwwm
o PO

R1=COOH (iPP-PAA)
COONa (iPP-PAA-Na)
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o
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Figure2. Comparison of interfacial shear strength
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