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Tensile properties of thixocast aluminum alloy joints fabricated
by friction stir welding

IWASAWA Shigeru, SUZUKI Hiromitsu, OTAKE Masatoshi, KAMIKUBO Yoshinori,
TAKAHASHI Masashi and SUGIURA Yasuo

This study focused on investigating the effects of friction stir welding (FSW) conditions and Pre- and
Post-T5 heat treatments on the tensile properties of thixocast Al-7% Si-0.5% Mg-1% Cu alloy joints
fabricated using FSW. The tensile strength and elongation of an as-FSWed joint were 272 MPa and 8%,
respectively. Pre-T5 slightly increased the tensile properties, but the effect of welding speed was small. Post-
T5 resulted in a noticeable improvement in tensile strength of as-FSWed joints, especially at high welding
speed. The tensile strength and elongation reached 295 MPa and 6% respectively for the Post-TS FSWed joint
to which 185°C X 2.5h was applied with more than 5.0 mm/s of welding speed. These tensile properties of
FSWed joints depend mainly on the HAZ characteristics. Therefore, in order to enhance the mechanical
properties of FSWed joints, suppressing softening of the HAZ by controlling the coarsening of precipitates
through reducing heat input from FSW process and increasing the hardness of the HAZ by Post-T5 were

considered to be of great importance.

keywords : Friction stir welding, Semi-solid process, Aluminum alloy casting, T5 treatment,Tensile properties
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Effect of solutionizing conditions on tensile properties of ADCI12 alloys

IWASAWA Shigeru, SUZUKI Hiromitsu, OTAKE Masatoshi, KAMIKUBO Y oshinori,
TAKAHASHI Masashi and SUGIURA Yasuo

In this study, the effects of T6 heat treatment, in particular with regard to solutionizing temperature
and holding time, and T5 heat treatment on the age-hardening characteristics and tensile properties of ADC12
alloys were investigated. The microstructure of an as-received ADCI12 alloy(F) consists of dendritic « -Al
phases, Al-Si eutectic, Al-Si-Fe system and Cu-rich intermetallic compounds. Higher solutionizing temperature
and longer holding time result in spheroidization to some degree, followed by coarsening of eutectic Si
phases to some extent, in which the former had a noticeable effect. Increasing the solutionizing temperature
not only promoted the greater dissolution of Cu-rich intermetallic compounds into the & -Al matrix, but also
increased the age-hardening characteristics, and at solutionizing temperatures greater than 440° C, a holding
time of 1 h or more exhibited the same tendency with regard to age-hardening characteristics. The tensile
strength in the T6 specimens increased as the solutionizing temperature increased, demonstrating maximum
tensile strength at a holding time of 2 h. The TS5 specimen showed a tensile strength of 318 MPa, 17%
higher than that of the F specimen and comparable with the specimen solutionized at 460° C for 2 h. Tensile
strength was greatly influenced by the size, morphology and distribution of Al-Si-Fe system and Cu-rich
intermetallic compounds as well as by eutectic Si phases and also by the amounts of Cu and Mg in the

supersaturated « -Al matrix.

keywords : ADC12 alloy, Solutionizing, Tensile properties, Microstructure
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Development of plating technology for polylactic acid (2nd Report)
- Examination of cellulose composite materials -

TANAKA Hiroki, IWASAWA Shigeru, OTAKE Masatoshi and MOCHIZUKI Reo

As a result of investigating a high adhesion plating method for cellulose fiber composites of polylactic
acid, a biomass plastic, we found that plating samples with a good appearance and an average adhesion
strength of about 3 N/cm can be obtained by plasma treatment for 2 minutes, UV treatment for 3 minutes,
and alkali treatment with 2 g/L sodium hydrate for 1 minute.

From these results, it was suggested that there is a suitable duration and concentration for the etching process,
and that when the etching is excessive, the adhesion of the plating cannot be maintained due to deterioration

of the resin or the like.

keywords : plating, polylactic acid, biomassplastic, cellulose fiber composites
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Support of introduction of IoT by Industrial Research Institute of
Shizuoka Prefecture (3rd Report)

Establishment of the IoT competence center of Shizuoka Prefecture, fourth phase

AKAHORI Atsushi, MOCHIDUKI Kazutoshi, MOCHIDUKI Kenji, OSAWA Hirofumi,
IWASAKI Kiyoto, MATSUSHITA Itsuki, and NAKAYAMA Hiroshi

Industrial Research Institute of Shizuoka Prefecture has been enhancing since 2019 the support for the
introduction of IoT by small and medium-sized manufacturing industries in the prefecture through research
into new growth strategies (a prefectural research project) and the promotion of the utilization of IoT by
small and medium-sized enterprises. Established as a base for the support of the introduction of IoT, the
"Shizuoka IoT Acceleration Lab" has entered its 4th phase, with 8 booths in Shizuoka, 4 in Hamamatsu, and
3 in Numazu, for a total of 15 booths. In Shizuoka, two booths for collaboration projects by two companies,
involving Al analysis by causal searching (visualization of causal data relationships), have been added and in
Hamamatsu, an exhibition on air pressure control has been added.

In 2022, 371 visitors were accepted, and a total of 2,214 visitors were accepted from November 2019
to the end of March 2023. Furthermore, a total of 13 seminars were held, attended by 131 people from 112
companies.

The Shizuoka IoT Introduction Promotion Consortium, which was reorganized in April 2022, was
certified as a regional DX promotion lab in April 2023, and has strengthened support for automation and

efficiency improvement such as the introduction of robotics in addition to support for the introduction of IoT.
keywords : IoT (Internet of Things), Dissemination, Competence Center, Exhibition
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Development of Shizuoka Cheese fermented with marine-derived
lactic acid bacteria

HAKAMATA Masatoshi, ASANUMA Toshimichi, MATSUNO Masayuki, HORIIKE Hayao,
KUBOTA Kaori and MATSUSHITA Masaaki

In recent years, food development using local microorganisms has been actively carried out. In this
study, we selected strains suitable for cheese production from lactic acid bacteria isolated from Suruga Bay,
Shizuoka Prefecture, and worked on the development of Shizuoka cheese using prefectural milk and lactic
acid bacteria derived from the prefecture's ocean.

43 non-gas-producing strains were selected from 70 strains of lactic acid bacteria derived from Suruga
Bay. From there, 13 strains with high lactose degradability were selected, and a further 4 strains with good
milk coagulability were selected from those. Using these 4 strains, an acid-coagulation-type cheese was
experimentally produced at the Ushizuma Cheese Factory (in Shizuoka City), and Lactococcus lactis Inl7
derived from whitebait was determined as a strain suitable for cheese production. It was found that the cheese
produced as a trial using the selected lactic acid bacterium contains a large amount of diacetyl, which is
known as a metabolic component of lactic acid bacteria and constitutes the aroma of butter. A joint research

company carried out repeated trial production and commercialized the cheese as Shizuoka Cheese.
keywords : Lactic acid bacteria, cheese and Suruga bay
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Development of amazake fermented with marine-derived lactic acid bacteria

HAKAMATA Masatoshi, HORIIKE Hayao, ASANUMA Toshimichi, MATSUNO Masayuki,
NAGAFUSA Hideyuki, SUGANUMA Saki and TAKASHIMA Kazutaka

With the aim of making amazake refreshing and easy to drink even in summer, we worked on the
development of fermented amazake using lactic acid bacteria isolated from the ocean. In order to produce
amazake at a sake brewery, alcohol-sensitive lactic acid bacteria were selected as strains that would not affect
the brewing of sake. Furthermore, from the selected lactic acid bacteria, the Is105 and Is117 strains (both
Lactiplantibacillus plantarum) were selected as lactic acid bacteria for amazake, which lowered the pH of
amazake well and had no unpleasant taste. Furthermore, characteristic components were found in the Is105
and Is117 strains, and similar lactic acid bacteria of the Is315, Is332, and Is363 strains were acquired using
these components as indicators. Fermented amazake prototyped in a collaborative research project with the
company using the [s332 strain had a distinct acidity due to the increase in lactic acid and acetic acid. There
was no increase or decrease in B vitamins, but there was an increase in 7 -aminobutyric acid (GABA)

which is known to be functional.

keywords : Lactic acid bacteria, amazake
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Preservative and termiticidal treatment methods for outdoor use
on Shizuoka prefectural lumber

- Treatment to improve penetration of boric acid chemicals and prevent leaching -
KIKUCHI Keisuke, MURAMATSU Shigeo, TAMURA Katsuhiro and YAMASHITA Noriko

Shizuoka Prefecture is promoting the revitalization of local industry by increasing the use of
prefectural lumber. The use of wood contributes to proper forest management and a decarbonized society. In
particular, outdoor use such as exteriors, where metal materials are often used, will lead to the increased use
of wood. However, sugi and hinoki, which are the main timbers produced in Shizuoka Prefecture, need to
be impregnated with wood preservatives (chemicals) because they are not durable enough for outdoor use if
untreated.

Under these circumstances, we are developing a simple preservative treatment available to small and
medium-sized companies using chemicals that do not require pre-drying or decompression/pressure injection
treatment. In this report, we examined improvements to the penetration of boric acid-based chemicals into
wood and techniques to control chemical leaching. Although polyethylene glycol complexed with disodium
octaborate tetrahydrate (DOT) improved the penetration of DOT into wood, its resistance to leaching was
very low. Therefore, silicone rubber emulsion was used to add water repellency to the wood surface, and it
was found that the leaching of DOT could be inhibited.

keywords : Prefectural wood, Preservative and termiticidal treatment, Disodium octaborate tetrahydrate, DOT, Leaching
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Slope measurement performance of roughness for non-contact surface profilers

- Evaluation of measurement errors for a coherence scanning interferometry
and a confocal microscopy -

YANAGIHARA Wataru, TOYOTA Toshihiro and NAKANO Masaharu

keywords : coherence scanning interferometry, confocal microscopy, slope, roughness
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Effects of different surface roughness on reflection characteristics

TASHIRO Tomonori

keywords : Optical simulation, Reflection characteristics, Surface texture
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Development of micro-prism arrays for pictogram projection

- Demonstration of projection capability and mold making -

TOYOTA Toshihiro, YANAGIHARA Wataru, SHICHI Wataru and NAKANO Masaharu

keywords : Micro-prism array, image projection, communication lighting, additive manufacturing
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Automatic creation of production plans by mathematical optimization

MATSUSHITA Itsuki, IWASAKI Kiyoto, AKAHORI Atsushi, ODA Naoki and ARATSU Yuki

keywords : Production planning, Multi-objective optimization, Genetic algorithm
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Development of habanero sauce fermented with marine-derived lactic acid bacteria

HORIIKE Hayao, HAKAMATA Masatoshi and TORII Daishi

keywords : Lactic acid bacteria, Habanero, Fermentation
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Nondestructive and noncontact evaluation of cellulose nanofiber-reinforced
composites using terahertz time-domain spectroscopy

NAKANISHI Atsushi, KANNO Naoko and SATOZONO Hiroshi

Scientific Reports, 12, 19284 (2022)
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Viscosity of evaporated soymilk prepared in the laboratory using normal
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Development of sour beer utilizing marine derived microorganisms (2nd report)

- Bench scale and plant scale prototyping -
YOKOZAWA Ken, KATSUYAMA Satoshi, SUZUKI Masahiro, TAKAGI Hiroshi

Based on the proposals of the Marine Bio Industry Vision, Shizuoka Prefecture is working to create
new industries utilizing the power of the prefecture's location, the ocean. In addition, as of August 2022,
Shizuoka Prefecture is home to 27 craft-beer breweries, making it one of the most famous craft beer-
producing regions in Japan. Craft-beer breweries in the prefecture have been requesting the development of
unique styles of beer. As such, the objective of this study was to create a sour beer, from bench-scale trial
production to commercialization, that is unique to Shizuoka Prefecture using lactic acid bacteria and yeast
derived from the prefecture's oceans. In the bench scale trial, 12 different sour beers with different pairs of
yeast and lactic acid bacteria were created and subjected to sensory evaluation. The result was that the sour
beer using SUG-0126 from deep-sea fish as the lactic acid bacteria and NMY-9 from whitebait as the yeast
received the highest evaluation for sourness and fruity aroma, and the highest overall evaluation. These strains
were prepared on a commercial scale and sensory evaluations were conducted along with commercial beer.
The prototype had a lactic acid concentration 1.7 times higher than the bench scale, and was evaluated as
having a strong, but sharp and pleasant acidity. On the other hand, as there were some who said that the
strong acidity made it not generally well received, it was considered necessary to control the amount of lactic
acid by the kettle-souring method. The prototype sour beer was sold under the name "Deep Sea Sour" and
immediately sold out due to popular demand.

keywords : sour beer, marine baio, lact acid bacteria, yeast
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11 NMB-16  NMY-9 3.73 ND ND 3.27 7
12 NMY-13 1.91 ND ND 3.27 1
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Development of sour beer brewed by lactic acid bacteria isolated in Shizuoka Prefecture

KATSUYAMA Satoshi, MOCHIZUKI Reo, SUZUKI Masahiro, YOKOZAWA Ken, KUROSE Chieko,
TAKAGI Hiroshi and IWAHARA Kenji

HARmME LFRGE, 9%,

%55, 225—233 (2022)

keywords : Sour beer, Kettle souring method, Isolated microorganisms, Lactic acid bacteria, Yeast
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Novel constitutive equation for predicting dynamic recrystallization during
hot working considering the efficiency of power dissipation

KORENAGA Sosuke, HONDA Masakazu, YAMANAKA Kenta and CHIBA Akihiko

Metallurgical and Materials Transactions A, Vol.53, Issue 6, 2163—2173 (2022)

keywords : Dynamic recrystallization, efficiency of power dissipation, titanium alloys, hot forging
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Study on recyclability of polypropylene/microfibrillated cellulose composite

YAMASHITA Shohei, TANAKA Shogo, NAKASHIMA Daisuke, MAEDA Kenji, YAMAZAKI Toshiki
and AOKI Kenji

The construction of a sustainable society requires a reduction in carbon emissions. In the automotive
industry, efforts to replace metal parts with lightweight resin composites such as glass-fiber-reinforced plastic
are expanding as a means of energy conservation for automobiles. However, recycling of conventional FRPs
is difficult as their mechanical strength is reduced due to fiber fractures inside them during the recycling
process. Therefore, we evaluated the recyclability of polypropylene (PP)/microfibrillated cellulose (MFC)
composite that was molded using plant-derived highly flexible fibers mixed with PP. After repeating the
recycling process three times, the degradation rates of tensile strength, flexural modulus and Charpy impact
strength for PP/MFC30wt% composite remained 16% or less, whereas those characteristics for
PP/glasstiber10wt% composite decreased in the range of 15% to 42%.

keywords : microfibrillated cellulose, MFC, recyclability, fiber reinforced plastic, automotive parts
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#3 MCEAMIEICE ENS&BRAITRD
X#RIRE (keps)

Mg Al Si P S K Ca Fe Sr Ir

VA 2 ARl ND 0.04 0.03 0.04 ND ND 0.07 ND ND ND
18] ND 0.03 0.03 0.05 ND ND 0. 08 ND ND ND

2 [a] ND 0.03 0.02 0.04 ND ND 0.08 ND ND ND
3 [a] ND 0.03 0.03 0.05 ND ND 0.08 ND ND ND
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#4 GFRPIZEENDERBEIITHRD
XHRREE (keps)

Mg Al Si P S K Ca Fe Sr Zr
yvaonii 0,02 0.85  3.04 0.06 0.21 0.06 7.70 0.29 1.51 0.97
18] 0.01 0.8 3.11 0.06 0.22 0.05 7.72 0.42 1.40 0.99
2 0.02 0.84 3.24 0.06 0.21 0.06 7.90 0.56 1.42 0.84
3 0.02  0.87 3.40 0.06 0.20 0.05 7.89 0.67 1.48 0.82
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X#RI8E (keps)

Mg Al Si I

K Ca Fe Sr Ir

YA 2 ND 0.07 0.04 0.14 ND ND ND ND ND ND
1[a ND 0.06 0.04 0.12 ND ND ND 0.18 ND ND
2 [n] ND 0.06 0.05 0.16 ND ND ND 0.19 ND ND
3 [n] ND 0.07 0.04 0.15 ND ND ND 0.20 ND ND
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Development of paper making technology using waste cotton

ITO Akira, KAWABE Chika, FUKASAWA Hiroyuki and IDE Shigeki

keywords : waste clothing, recycle, paper manufacture technorogy
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Increasing sheet bulk by heat treatment of pulp

KAWABE Chika, ITO Akira, FUKASAWA Hiroyuki, SAITO Takuma and KOSE Ryota

keywords : heat treatment, increase in sheet bulk, low density of paper
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Trial use of artificial intelligence for separation of textile waste

SAITO Kazuaki, IDE Tatsuki and HONMA Nobuyuki
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Surface roughness estimation using color imaging (3rd Report)

- Evaluation of roughness estimation accuracy -

NAKANO Masaharu, OKADA Kaede and KATOH Makoto

A method to quantitatively measure macroscopic differences in surface roughness in a short period of
time based on the color distribution of the sample surface measured by a camera has been developed. A two-
dimensional colorimeter, which can accurately measure color, was used for the camera. The colorimetric
values of the sample surface measured by the colorimeter were mapped to an x-y chromaticity diagram, and
the relationship between the spread of the distribution and the surface roughness was evaluated to create a
calibration curve. The estimation accuracy of the surface roughness was estimated from the slope of the
calibration curve and the amount of variation in color measurement. It was confirmed that the arithmetic
average height Sa, which was a type of roughness parameter, was estimated with an accuracy of £0.91 xm.
In addition, it was found that the estimation accuracy is affected by the pixel resolution of the image
measured by the colorimeter, the color of the illumination light source, and the size of the area where the
surface roughness is evaluated.

keywords : Surface roughness, colorimetry, imaging, colorimeter
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Study of antenna used for radiated immunity test method for a vehicular
electrical/electronic sub assembly at frequencies below 80 MHz

YAMADA Hirofumi

An antenna for radiated immunity testing for electrical/electronic sub assembly for vehicle in
frequencies range of 20 to 80 MHz was investigated. We were able to satisfy the test configuration specified
in the international standard ISO11452-2 and achieve an electric field strength of 100 V/m with a forward
power of 1.5 kW by using a biconical antenna with upper and lower elements of different lengths in a
vertical polarization.

keywords : electromagnetic compatibility, ISO11452-2, ALSE, below 80MHz, vertical polarization
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Research and development of robot for induction hardening

SUZUKI Yusuke, NAGATSU Yoshiyuki, OHTA Yukihiro, HASEGAWA Kazuhiro,
KAWAMURA Takehiro, LU Mingchieh and SUGIURA Yoshiyuki

Induction hardening is a commonly used processing method for surface hardening to improve wear
resistance and fatigue resistance. The processing is used for various metal parts, including those of
transportation equipment. Currently, induction hardening is processed manually by craftsmen for parts in small
quantities that are of many types and that have complex shapes. Therefore, there is a demand for the
development of robots that can handle such production process. As such, in order to solve this problem, we
prototyped a three-axis (X, Y and &) drive robot. This report describes the results of induction hardening
of cam parts using this prototype robot. The results were as follows; (1) The prototype robot was able to
perform induction hardening along the shape of the cam parts using the machining program that had been
created. (2) After induction hardening, the depth of hardening and hardness was uneven in the thickness
direction of the cam parts. (3) The effect of induction hardening was stronger at the edge and weaker in the
center.

keywords : Induction hardening, Heat treatment, Robot, Automation
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Investigation for the development of new manufacturing technologies
using additive manufacturing

TAKO Shinya, YOSHIOKA Masayuki, UEMATSU Toshiaki, OSADA Takamasa, OGAI Motoharu,
NIMOMIYA Ryuto and KINO Hironari

Metal 3D printers are attracting attention as a digitalization tool for manufacturing sites, and can
fabricate complex or minute shapes, undulating holes, and other shapes that cannot be achieved with
conventional processing methods.

Such printers can assist in making products more functional and lightweight, significantly reducing
development costs and CO2 emissions, so their use is rapidly expanding. In addition, metal 3D printers are
beginning to be used for the mass production of aircraft and automobile parts, because it is possible to
fabricate repair parts, jigs, and tools by selecting the appropriate molding method.

Companies in Shizuoka Prefecture are also highly interested in metal 3D printers and the industrial
sector has made requests for metal/resin laminated modeling.

The objective of this investigation was to accumulate knowledge on the manufacturing of automobile
parts using 3D printers at the Hamamatsu Industrial Technology Support Center and to respond to requests
from the industrial sector in the prefecture. We established an environment in which companies in Shizuoka
Prefecture can use metal 3D printers by surveying technical data, creating prototypes using 3D printers,
developing a system for using metal 3D printers, and introducing metal 3D printers.

These efforts included the preparation of technical information reports on the mechanical properties of
resin and metal 3D printer fabricated objects, the fabrication of samples, the establishment of the Shizuoka
Prefecture Additive Manufacturing Technology Council, the establishment of a specialized website for metal
3D printers, and a survey of metal additive manufacturing activities to understand corporate needs for
fabricated objects and materials, etc., which can be used to support digital manufacturing by companies in the
prefecture. The project has obtained information with which we can assist companies in Shizuoka Prefecture
with digital manufacturing.

keywords : additive manufacturing, metal 3D printer, digital manufacturing
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Carbon fiber reinforced plastics (CFRP) molding for new growth industries
using an efficient productivity method

SUZUKI Shigeyoshi, HARIKO Tatsuya, MORITA Tatsuya and OKI Yui

Recently, effective uses of energy are needed for environmental treatment and fuel consumption
regulations in the automotive industry. And replacing heavy metals with lightweight materials is an important
task for many industries. Carbon fiber reinforced plastics (CFRP) may be one solution for this. In this
research project, a highly efficient productivity molding method of CFRP were investigated by using
thermoplastics.

The efficient method of making the base material form a tape shape (UD tape) was building it up
with bundles of carbon fiber solidified by thermoplastic films.

Then, a novel molding method was proposed using a material made by cutting UD tape into constant
lengths. The CFRP plate made with this molding method has a bending strength above 500 MPa and a
specific strength that is 2.4 times that of aluminum die-cast plate. This method is able to make possible the
molding of parts with complex shapes in a short period of time.

keywords : Carbon fiber reinforced plastics, UD tape, Transfer molding
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Transfer molding for carbon fiber reinforced thermoplastic using
chopped uni-directional tape

MORITA Tatsuya, OKI Yui, HARIKO Tatsuya and SUZUKI Shigeyoshi

Carbon fiber reinforced thermoplastic (CFRTP) is a lightweight, high-strength material for which there
are expectations that it will enable molding in a short period of time. However, a CFRTP molding technology
that achieves both the required mechanical properties and productivity has not yet been established. On the
other hand, transfer molding, which is used to mold thermosetting plastics, presses the material into the mold
with a plunger and heats and hardens it. Transfer molding can mold complex shapes without breaking the
reinforcing fibers as it does not use a screw. However, transfer molding has rarely been used to mold
CFRTP. If CFRTP can be molded with transfer molding technology, it is expected that both the required
mechanical properties and productivity expect can be achieved. Therefore, we developed an improved transfer
molding machine for CFRTP in March 2022. In this study, we molded CFRTP square board with the transfer
molding machine that had been developed and 15 mm long chopped uni-directional tape. We also evaluated
the molding conditions and mechanical properties of the CFRTP square board. As a result, at a mold
temperature of 230° C and a molding pressure of 8 MPa, it was possible to mold CFRTP square board with
almost the same bending strength as aluminum die-casting (ADC12). In addition, regardless of the molding
conditions, the fibers of the molded CFRTP square board flowed concentrically from the injection point of
the material. Furthermore, it was oriented uni-directionally along the wall of the mold.

keywords : CFRTP, Transfer molding, Uni-directional tape

BRI IR B TR(L 7T A F » 7 (CFRTPIZ SR R IE A I C& 2 EmMEM B L CER &
AWTWD S, Wtk & AEFEMENESL U 72 3200 72 iIEE I I3 S S v Tuvie vy, — 5T Bk 7 2 2
F v 7 DOEICHON LI TS N T A7 7 liIE, RIEMEZ 68 7 &4 C&ANCEA L CTNEmE{e
LR HET, A7 U a %M Lanic O bl D13 70 < . BHERBIRZ B T& 5723, CFRTP
R EOBAIAMNE T T AT J ~DO@EHFINTIEE A E RV, LvL, b7 A7 7B TCCFRTP 2 1 JE
THZENTEIE, REBHEOTTHEN 2, HHERRZERB CRIET D22 ERMREE 2D . Ytk
CAEFEMEDWNES B TE D, £ 2T Yo —Tlk, S 34EEICCFRTPIZH LA HEE I B LT
FT AT FRRIEREAE A LT-, AR T, £ S 15mmiZHil L= T — 2RO EM B (UDT—7)
ZRWV, AL N7 A7 7 B CCFRTPO AR & kI L T, BRI SRIEC I fin OB A0 i & 5 F
fliLiz, EOFEHR. &MIEE230°C, MIEEISMPaTT7 VI A4 A (ADC12) & [FRFEE o dhifin
FEEFFOYRPEIE CE 1o, Flo, BB LI SEROBHMEL, BRIBSMEICh b BT MEHEAT D & [H
D FARICER A L, SRUBER CIXBER 2N » T MICE A3 DA A 4 DTz,

*—7U— R :CFRTP b7 o277 UDT—7
1 Ui HFHENTWS, CFRTP o ik s LT,

BAAT R bR SRk iR L 7 F A F >~ 7 (CFRTP) TVAKIE (FEKIE) LR E3 TS
(TERFFE S CE 2BBERMBEMEL LT 205, 7V ARIBIIHIEH B OFEE 2 F MOy

* B HUSRPESER

— 107 —



FFRIR TEEEANBTIET Do 28 16 5 (2023)

MDD 5, SHHRIZ IO A 7 U 2 Tr#E
TAEDS I ST LE VY, REMHEDOMERE R+
WZIEDR RN EBER S DY, — 07, Bui{btE
TIAF 7 DRIITHNGNTWS N T AT 7
TG SRR 2 B b S 7212, B 7 AT
SRNZEAN L TR LT 2 HET, A2V 2%
R L2z o bl nri 3o, B e
WEREST D2 EnTEHnY, CFRTP~M1iE A
FHNXIFEALERY, LL, NT AT 7 ERE
TCFRTP B3 25 Z ENTE X, REMHE
OPEN e <, BHEZ TR Z FRFR CRIE T 5 2
EMWFREL 720 . Wtk & AEMEO WA IR T &
5Y, 22T, Yo HX—TTlk, SM3EEILE
B OMBAEEREC R OO — & (MEREAR)
708, CFRTPIZ# L7-EARICKBR L7 7 &
7y B EEA LT (K1)* AfETiE, BEA
L7 N7 27 7 ez vy, CEFRTP @Ak
ZRIE LT, BIBSRAIECRE b DB R 2 5
fili L7k R A2 HET 5,

o

(4
{]
III

1|Il||
|
ili
I l

O

[ . @ .
e B A e o D | — e S
] S — O R B R | e —

1 EALEBMTFLRT 7RI

2 Fik
2.1 EERE

iy TR M OVR SR AHE TR & A7 =R D BRI fik -
2 SRR D R Tl R EidkAE R EERITT00SC-12
K-60E) (il Ao x2gig gk 15
mm, #EHERTEE A 3R50% O UDT — 7 60g % H
ZT0mm, & SK15mmd ¥ 7 Ly MMRIZE O
T PHEIEH (K2) Z 2 @AV, R R o

FUTHET D PR DRI TR F O UD T —
7°36g M O 7 AffEME (A ARESAE T-IIER1150
F-165K/SRZT) IO F A v v 2GR S 7=
£ S 1bmm, #HEAEFES A %E50% 0UD7 —7'30g
ZIREC, EATOmm, & 3IK15mmD¥ 7Ly
N ERIZ [ 6D 72 FARIRIZ A & 2 i T2,

X2 £315mODT—7(E) &ZDOFREREH (F)

2.2 B

rZ U RAT 7 EREE V. SRURE K OO
JENZEEZ T, 200mmA, JES 2mmD P4 % B
Lz (KM3), FEMZRpatt 2R UIRT,

2.3 FHflm

(1) TR

B LT PR B4 DB . iR 1,
20 HL, BETRERABRKE AG-50kNX
Plus (R EE8ERTRD) 2 My, JIS K 7074 A
EESZIZ, lmFRELZE L, dhnd 3 B Ix
RERRNICE =i g DRV422DE (7 KX T v
7 WEBRRL) & W T1.3kPa, 110°C TT725FF [
P, £, EELT, TAIXA B AB
(ADCI12-F) D il 1 5 B 2 I E L 7=,

* R T SEEAN AT ¢ ERRE T EEEARE R (2021) No2s.

https://www.iri.pref.shizuoka.jp/wp/wp-content/uploads/2022/03/R3jyouhou25.pdf (2022.10.247 7 & Z)

— 108 —



V)
(RBHEAHD)

X3 mELZ200mnfs, EE 2mDFAR

®1 BBRMH

FEEHINEAES . ' — R ORRERE (C) 300

RO ERE (°C) 220, 230, 240, 260, 280

PEHINEERT (s) 600
Al (kN) 5.3%x10°
N (mm/s) 132

pRJEE7) (MPa) 4, 6, 8, 10, 12
PRIERER] (s) 300

AN (s) 500

(2)  HEHERC [R) B ONPES R B D fife 3

XHCTH# & FF35CT Metrology (=2 A > b
T )RR DN EHWT, BE
U 72 AR B OVl 3R o X il g # ke L,
AR B 1) <> 22 B 2 D NS R B 0 A 18 2 B A CHERR
L7,

(3)  IRFEMHEATE S A =R DT

I L2 B 5 D LB Y, 15mmA Dk
BEDI~DAZ ) 0 H L, K E LR
DENSITOMETER H (MEFERBERIERR) %
AWT, BEZRE L, JE LSRR OREE
E (D) Kb, SR ORBHBHEAREES HERE
BHLEY,
Vi =(pamw— 00)/(pa— pp) X100+ + - (1)

B TR (2 v & —
(€280

Vi @ RBEBHEEREZAHEE (%) pww @ B
OEE (kg/m)  po:
103 (kg/m)
(kg/nt)

R FEMAME DR 1.80 X
oy FTABCOERE 1.17X103

X4 HTRERA O8I H LSBT

5 FRERMRAMEMTE S A R AR O8] Y tH LR

(4)  EhHh RS D H

@) THWEEEHcHTRBRA 1. 205KE
ZE Uiz, Al f o0& i & Bk o RS
RERW, Q) ol mEsHEH LY,
S=0/p-**+ (2

S ¢ bl RE (MPa/kgm?®) o o #hIFRREE

(MPa) o : #hFHEB T o%E (kg/m)

— 109 —



FFRIR TEEEANBTIET Do 28 16 5 (2023)

3 REBLUBR
3.1 &FNRE OB

R E /1 8 MPa TR E %275 2 TRl L2
WO TR A X 6 (12T, 7o, SRR E280
CTHIE LT RO X iz 2 X 7 1277, 72
B, AANEFE220°C TIX R O REE £ THEN 7
HETEP, TRARE TERhoTzzo, Sl L
R T,

HF R 1T SRR E 2 0vb 5, BB 12
E< L, REBA 2 MW EA A ST, L,
HHF FREE MR VR A 2 1B W TH ., 400MPall
FEORTHRE & 72 oo, TR E230°C & 1UN280°C
THIE LT AR O Xz ig 2 8las L=/ R, 230
C. 280C & bz, ZEREONERIMGITA DT,
MHEIL 7 — R D [RELO FRRICEL A L, & EE ) C
XBEENZ IR - C— T AN BLIR 3 DA 2 DT,
Flo, RFEBHEBEESEREZHEH LR, 3B
DY H LEI-CARIRE T, AL AL,
T _TORETUDT — 7 D (R B AR & A R
EIZIER UH0% L 7enTz, ZD=, KIE L7
WD R FEABHME K OV A 1 ANIARIET D Z L 72 <,
PR E CATEDLRE TREINTVH EE X BN
%o Flo. FIRONEIC KA BE SNV &
DD A HNTRER T O R E O =T kHERC IS K D
HENRE O EHEHI S, RBRA 1 IEEER A 212
T O N RFBMAMES B LTV D 2 &
5. HIFMENEL RotztEZE2 N7,

PLEDRERN S RO AR O IE T1k230
CULELOERRERVETHL EEZDND, F
7o, AR ORI, SRR TRELSEDD
T F— IR PRICE R L, SREER T
BEMICI » C—HIMICEMT 5 B2 b5,

3.2 RIBES DRE

SRR FE230°C CRUEIE 1 & & 2 TR L 123
WO TmE X812 7T, £7-. RFESD
12MPa THIE L7 AR O X#iE g % X 9 12”7,
2B BRIEES 4 MPaTid, FEAROBEE F THE
MIETET, PRBWIE TE R o772, 7F
fli L7z ro 72,

1000

800

600

50 (MPa)

400

200 f-————--—-————————————

0 1 1 1
220 240 260 280 300

SRRE (C)
X6 HHTIRE L SRR
=t 2

bR 1

5 Rk

Xt
BEMTA

i
a i
e

X7 @FIEE280°C TR LT AR DXRE RS
FRIEIE ) 6 MPaCRIE L 7= Ak o il i 5 B2 13 pk
W) 8 MPall LG L= A L 0 HIK< 72>
7o RIEE T 8 MPall b CHYE L 72 etk o iHh 1558
FEERER A 1 3@ <. RBRA 2 DMEVWE R 23 5
ni=n, RBA 2BV TH, 400MPall B o
FIREE & e o 70, B J)12MPa e O 8 MPa T
BB U T2 PR O X it 2 Bles Lo . 2208
FEONERMILA BT X7 — R B IELD
PRI AL L, B BE R CIIBEM IS ih > T—J57 M)
WZEEAS AN A DAV, T 6 MPaThk
B LT ERIT I TE | (AR ORRHE R M O e [ 23

— 110 —



FHITZDS SR OV T 3R i D INERIZ Z2 B A3
HoN (K10), Zhix, RIBEHARAR 5T,
IR L 2 BTN I R CTE R o T2 2 &
DTS, HFEENMETLERREEZ O
%, FIEIET) 8 MPabll | CHIE L 72 AR O 1R ik
HEAREEARZHEE LER, WBow HLE
FrelEE k=TI EAERLS, UDT—
T DR FBHEARFER LIFIER U50% & oo Te, &
DIz, FRIEIET) 8 MPabll ECTRkIE L7 AR CTi,
IR L T A v AIRIET D 2 &<, B E
THIEDHRTEHSALTW I EEZLND, F
7= BB 8 MPall b THIE L 72 A D NERIC
IR RO &0 D, BIRIE S 8 MPall
D T EER D TR O FE TERHERL 12 X 5 5
BRRE W EHER S, HERT 1IEERB T 2128k
ARTO° HINZRFEBHENSE L TWD Z EMnb,
HITRENEL ol EZLND T,
PLEDOREFR NG REEROSEMR DO RKIE TIL 8
MPall EOSBIE N BB EEEZ bz, £,
FRAERC I O, RIEEI TRELS LD BT,
= b SRV FRIRIC AL L, B TURE I C T RE
> C—HmCEmT 5 EEx b5,

1000

800

600

HH 3R (MPa)

400

200

4 6 8 10 12 14
mOEHET) (MPa)
M8 RIBES L T HREE
e SR ER 1 == 2

B TR (2 v & —
(€280

y I’| R =0
yao
ES i

T Atk

A s
o s R

K10 FRIEES 6 MPa TR L 7=tk H> D
Y HUz#nFRBR A 1

3.3 THIFAHBRbEDOMBELE
SFUEE230°C, BT 8 MPa THE L 72 -
WOHTIRE & 7V XA A N OO LR
Rreg 2177, HFRENMEWEBRA 2 BT
H481IMPa T, T XA B A k& [RFRE O T
FEThH o7, £z, HEEZBE LT mE
TIETAIXZA A RND2UEL 2T,

#£2 WMBLEERETVIFA IR PO

#hiF R B SRR
(MPa) (kg/m®) (MPa/kg m”)

WERA 1 569 1.48x10" 384x10°

WA

T AT 7
MR 2 481 1.48x10" 325x10"

TAIEA AR 421 2.69x10° 157x10°

— 111 —



FFRIR TEEEANBTIET Do 28 16 5 (2023)

5 F&¥
CFRTPIZi# L 72 fEkRICK B L7z h T v A7 7
IR 2 VT, &ALRE230°C, RRIEE ) 8
MPaTT VI XA J1 A b & RIFEEDIREE % F5oF
WA C&E Tz, Flo, BB L7 R OfkHE,
IR0 B3, 7 — B IR FRIRIZED
ML, ARUEEE CIIBER I » C—Fancidm 4
HEMMR D -T2, O, Rk HEN & &5
AT BRI, iR A B R L, ARG A
THORERHDLEEZLND,

e

AW 2 HED DI H T2 | Hi RO B
K. RJIFRRE, deiaig CEFRP $F3(LA7ES O
FHEE KK OZBEREOHERITIT, 2O TH
. THEEZWLEEE L, ZogeBEY L
T, WRSEGHH L ET £,

BE IR

1) EEFALE BT T 2 F v 7 ORRIEHIR,
[N Thnd 77 AF v 7 Hifi), #I (W
T¥MAS R, st 17, pp.144-
202 (2000).

2) BEFAHE  BAEALIE T T AT 7 O RIE R
[ZhThbnd 77 2F v 7 B, PR (R
TEEPAS A L), Freidat  F81T, pp.203-
204 (2000).

3) BHEHEE : B EHUDT—7h v MO T
YA LAREMORE. B34, 1 (7),
8-12 (2018).

4) REFHE fh BEFEBEME (CFRP) @
NIRRT BT ORESE T . ] IR T 25 fhr aF
JERTHFTE A, (14), 125-127 (2021).

5) Rkl : EMOT)FReE L EAR], TAE
BRELO )5, W (BREEEEE, ) AR
BEME Y2 BE, pp.T1-72 (2009).

6) Dol L~ MY v R, THEEMEIAM ],
WIRR (RS BVEE, O , m AR i 3EER,
pp21-22 (1984).

7) Db e B, TEAMELAR ], F)
Il (ERES JRVAE RO, = AR fth JE
pp.55-200 (1984).

%

— 112 —



R TP >+ v & —
[/ —1+1

H TS K D80 O IRHE
— R BEET % PRV N 72 A HE T E REPH O 9kER —

JeR R

TEEAIFEET  MRITEER B B SEE
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Study of simple evaluation method for laser peening

- Evaluation of water injection systems -
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Construction of an optical system for color micro-marking and
examination of controlling dye layer thickness
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Projection performance evaluation of pictogram projector using micro-prism array

- Prediction of effect of error in micro-prism tilt angle on projected image quality
by ray-tracing simulation -

SHICHI Wataru, NAKANO Masaharu and TOYOTA Toshihiro

keywords : Micro-prism array, tilt angle error, optical simulation, projection performance
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X-ray CT observation of fiber orientation of CFRTP
HARIKO Tatsuya, MORITA Tatsuya, OKI Yui and SUZUKI Shigeyoshi
keywords : CFRTP, X-ray CT, fiber orientation

Bl SR R SR e R 7T 2 F v 7 (CFRTP) O T MHERL M AF %, HE o ¥ — T RFEM
MED R 2 BT IVERIIR CTER L7e T — 7RO RIEEEM &2 1omm R FE Ml L7 2 » 7 RUDT — 7 21
WIZT o2 WAL, CFRTPZAIEL T b, ZORRRCEFRTPIZARTITES ML o> TWDH N,
JRIFTHNITIRFIAE DB L TV DD THIC L > THRERRR D EE2ObND, TDHCFRTPA M
WD BITHMERL M 2 AT 2 B B D, A TIIXHRCT & VAR [ 2 A L 72,

F—U— R : CFRTP. X#CT, i

1 HE®

IR FEAMER(L 7 A F » 7 (CFRP) X, D
BT - BRI SIS SE R I IR
&b, CFRPOM BN 1T MlHE O BB 12
K& EFET D, B ¥ —Tlx—FHmcgl &Hi
2D IVT PR SRR B AT E 2 BR S e T —
TROETEH B 2 £ S 15mmIZ il L7-F a2 v 7
RUDT — 712 X 0 BRI HPE e SR ke Ak 7 7 2
F v 27 (CFRTP) ZmELC\5," ZOE
TR F 3 v 7 RUDT—7" % 7 yéan’
BLE S 5 72O & U CIRER IR 0 72 W Be{L] 4
ZHLTWD, L LRI AT iﬁﬂﬁ
LTEBY, FRICLDBEDOENEHDH, EDT
W, ZD XD RCFRTP % £ H 3 2 B 1 Xk o
Bl 2 R 2 L ERNH 5, AWRE TIEXHBCT %
FAOHRHERC M) 2 BLER L 2 BV TS 5,

2 FHik

XHRCT O 2 1XFF35CT Meteorology (=
Ay hTr/n /—XHEJE/\H:%) ZMHuwiz, CF
RTPIER&EMHE L~ N Y v 7 ABE b IREN F 72 7L ARIBAT & o THIE L= A (200mm X
HEREE T B 7. XETEEERIT A E L 200mm) 45KV, 100 2 A, 1, 080KCHRE .
B OB TIE I b5 R b Ao JE S 51 RS O W
HEABETH D L TEARD (K1), B1 R R AT OCFRIPOCTHR

* Bl HRpESER

— 1256 —



FFRIR TEEEANBTIET Do 28 16 5 (2023)

Alal, A= —HER DR RN TITRVEMET
BEEITV, REWHEABIE XD IR0 T,
(K2) M7 RA77HBIZ L > THE & 7=CF
RTP% & [ERE U 7o i S Tl L IR D
Bl U, i alBRic L v s 20 ~7,

7L ARRIBAZ Ko TR L72 AR (200mm X
200mm X 2mm) 120KV, 451 A,
1, 080KcHRs . J& & J7 1 Fp S ir O Wi
K2 HFICRE LI RE SR COCFRTPOCTH

XHRCT DR R IIXHRE 1> & WA E T ok
EXBEMN O E COERio T, CTHhZIk
KT 2 72 DI GAR 2 XFE 1D 5 BN
o5, TEMRXBCTITIRL R G 2 Bl S &
L1, REWHEGIRZ XBEITEDST 5 LG
EEXHENERLTLEI, TDODH, REW
BERITIE R Boe 375 2 L1E T3, BoM iR
SAAAEOMRHERL M Z T~ Z LA TE e, £ 2
T~ —H—L LTHBHE L ISR 5 T T Al
e 2 RERFC N A (BRFEMHE « T A= 3 -
2 (FHEEL)) BRSEREHE DFLIF 2~ T,

3 WRLELZ

JEE DRI H5CFRTPO¥M A 7 A7 7 %
FBIZL > THERR L, CTHR¥E L7z, EE&4mmo¥
T VIEIK 3 ORRIHEHEA EARAYICEL M L TR D |
ZOT R 1X532MPa, EX 5mmd Y 7 v
XX 4 OFRITHRKHESEEIT LT 0 . B 58 1336
IMPaTdHo7-, EE 5mmDY > 7 VT
i E A &R U & B L CWAES R 8 57z
WIRENMEL pofe s E2BND,

N7 VAT 7 RIBIZ L - TRlE L7 AR
(200mm X 200mm X 4mm)

120KV, 45 A, 1, 080KcHRE .
i 7 1) P g ST D Wi

3 B X4mmDCFRTPD AR DCTH:

T VAT 7 RIBAZ X o TR LT AR
(200mm X 200mm X 5mm)
120KV, 45 A, 1, 0808 HRE .
g 7 A o Ak 3T oD W T

K4 EE5mDOCFRTPDIFEARDCTH:

o277 7BIC L > TER L7~ LT
(¢ 150mm) OCTEH X 512787, RFEMHEDL0
Y% % 7T AGMEICEE R ZRIE LT 7L TiE
IRFEMEHEDOEL M 2 HEE TE D X H 10720 sl
FHiE & IRFBHHED RN ZHEE TE D L 92k oT2
(¥5),

— 126 —



Ty eN

U AT 7RI L o THIE LT _R~LE T
(B AfAEND . ¢ 150mm X 50mm)
120KV, 45u A, 1, 0804HRE .

i & 7 T A O B

K5 HTRAEHEAN D XXV ET DOCTH

ERA T SEH e v 5 —
[/—*r]
4 ¥
XHECTIZCFRTPH D i 3 itk D Bic 1) & 8~ 2
HhipFEIC/R0 9D B2 615,

1) |BHEE BB UDT —7 Iy MO Z

YA LRAMORE, S63E7, 1 (7),
8-12 (2018)

— 127 —



FFRIR TEEEANBTIET Do 28 16 5 (2023)

— 128 —






i ] IR TR BN FE ATt s 281645

THSFEILH30H (20234F)

Wtk - FefT AR IR TR BN ST A
AR - mER AR

T421-1298  FHRETH LK 4 R 2078% My

A% (054) 278-3028

FAX (054) 278-3066

IZUHA O ILA



