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1. Background

It has been known for many years that the remediation of
sediment is facilitated under energy recovery by sediment
microbial fuel cells (SMFC). To date, we have developed
technologies to achieve an efficient energy recovery, and to
enhance the remediation.

Currently, many investigations have been increasingly
conducted in order to commercialize SMFC. However, real-
world application of SMFC is limited because of its low power
density level, especially, there is no application of SMFC
without energy storage system in the field where environmental
perturbation is intensive.

2. Research Summary

There are two projects: (D is the development of Sediment
Power Generation Technology (SPGT) using SMFC, and (@ is the commercialization of Sediment Remediation
Technology (SRT).

The purpose of @ is to efficiently readily remediate the sediment rather than energy recovery. It was found that the
remediation of sediment deposited on riverbanks is facilitated under energy recovery by applying SRT (just inserting
pencil type of SRT), in the case of low power density.

3. Result

(D Technologies have been developed to recover energy efficiently, and to improve the transfer performance of
hydrogen ion. As a result, it is possible to commercialize SMFC with low power density.

(@ LED was first lighted by stacking SMFC without using energy storage system. Particularly, based on the research
results of D (type of electrode, ion transfer method), the method to recover energy (0.4V, 50mA) from unit SMFC was
established. Further, the technology to maintain the power (at least 50mA, 2V) for lighting LED over the long term was
also established.

4. For Application

Amounts of electric energy and the remediation of sediment will be investigated to commercialize SMFC. We aim to
transfer these technologies to Asian developing countries where sewage and waste disposal systems are insufficient.

Competitive Advantages

Development of an energy recovery (electric current) system to activate the microbial environment of sludge
deposited in the areas which are affected by several natural and anthropogenic phenomena, and a power generation-
remediation system for the efficient detoxification of sludge.

Patent/Journal/Award

Patent Application No. JP 2011-21108

Title: Sediment Microbial Fuel Cells and Microbial Power Generation Systems
\ J

URL http://www_civil-hu.jp/coast/ )
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1. Background

Isotopic shifts of Sm and Gd is a good indicator as a neutron

Gd < STD |
monitor, because some of their isotopes **Sm, "*°Gd and *'Gd 1130 D & Tenosba)
easily react with neutrons. i = ;‘;’fﬁé‘hfﬁ;ﬁ?ﬁi"bﬁ@

1.138
2. Research Summary 3 |
Most of extra-terretrial materials interact with high-energy cosmic 31_137 I
rays. As the result of the interaction, istopic compositions of some = i
elements in the materials vary because of nuclear reactions. In |
this study, isotopic shifts of Sm and Gd due to neutron capture
reactions have been applied to understand the cosmic-ray E l(;:j(]:illm(}d U 0.716

irradiation records of the planetary materials.
Three-isotope plot of Gd: Gd isotopic data of neutron-
irradiated meteorites due to cosmic-ray irradiation
3. Result show significant differences of that of standard
High precision isotopic measurements less than 0.001 % of  Materials (STD).
reproducibility can be performed on Sm and Gd in natural
samples. This technique is available to detect neutron fluence of 10" n cm™ in natural environmental samples. In

addition, the efficiency for chemcal separation of Sm and Gd from natural samples were also developed.

4. For Application

This technique is availably used as a monitoring system for neutron-irradiated materials.

Competitive Advantages

The analytical precision in this study is 4 to 5 times better those tat from the conventional techniques.

Patent/Journal/Award

H. Hidaka and S. Yoneda (2007) Geochimica et Cosmochimica Acta, 71, 1074-1086, H. Hidaka et al. (2012)
Astrophysical Journal, 746, 132(1-8)

URL )
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1. Background

Water in the Seto Inland Sea exchanges with Pacific water through the rapid
tide (Kyucho) in the Bungo Channel. This situation causes less polluted
environments even under a semi-enclosed sea condition. Until now long-term
environmental measurements over a wide region were impossible in the Seto
Inland Sea because of heavy shipping and fisheries. Thus the widely spreading
effect of the Kuroshio to the inland sea environment is not yet clarified in spite
of its importance.

Observational line

2. Research Summary colar

The coastal acoustic tomography system (CATS) is set up on both sides of Y teig’;ﬁg:ma_’
the Bungo Channel and Akinada, located at the inlet of the inland sea and its T
central part, respectively. The reciprocal sound transmission is performed
between the pair of CATSs. The Kuroshio effect to the inland sea environment
is clarified by measuring accurately the temporal variation of current and
temperature.

3. Result

In the 2011 Akinada Experiment, the eastward cross-line volume was estimated
to be 9,000m*s. According to this volume, the inland sea water can be exchanged
with Pacific water in about 3 years. This is an important finding for the inland
sea environment even if more and longer and experiments are required.

4. For Application

CATS is already patented. The products are sold by the Aqua Environmental
Monitoring Limited Liability Partnership company. This technology is expected
to be used widely in environmental assessment

CATS picture on Fukudomari
Breakwater (Saiki, Oita)

Competitive Advantages

CATS is a unique technology to make the long-term measurement of coastal sea environments possible. No
competitive technologies exist.

Patent/Journal/Award

Acoustical Science and Engineering, 33(1), 45-51, 2012.
Journal of Oceanography, 67, 173-182, doi 10.1007/s 10872-011-0016-5, 2011.

Patent No.3612434: Acoustic tomography information collector
_ J

URL )
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L
r

1. Background
Fuel cell vehicles (FCV) feature 35-70 MPa hydrogen storage tanks H&
(inner volume: 156-171 L) and the tank size of the vehicles is large

compared to those of gasoline vehicles. Ammonia borane (NH;BH,) and . S

Ammonia (NH;) has emerged as attractive candidates because of their N Hs* k’&

high percentage of hydrogen (20-18 mass%). It is expected that

lightweigt and compact hydrogen storage system can be developed NH, BH, NH,

using the nitrogen-based hydrides. Srirmetric Hy density: Gravimetric H, density:
Volumetric H, density: Volumetric H, density:

7.6kg/M100L (Packing ratio 50%)  10.7kgi100L (1MPa, 25°C)
2. Research Summary E .
ig. 1. Structure of ammonia borane and
However, their high working temperature and the slow reaction rate ammonia
limit the practical application of the nitrogen-based hydrides. Those
properties can be improved by the use of nanocomposite materials (Fig.
2). The nanocomposite materials encompass a catalyst and composite
chemical hydrides at the nanometer scale. Thermodynani cs
In this study, we will review our experimental results on hydrogen Ai_®
storage properties and characterization of hydride-magnesium amide MRS - o oorysial lites T ! B_/H E;Eﬁge

(MH-Mg(NH,),), hydride-ammonia borane (MH-NH;BH;) and hydride- QY“"“LKinetics.rmodyna ics AH AS

NANOCOMPOSITE MATERIALS |

ammonia (MH-NH,) systems. (’“f’ yiride -

3. Result Y

(1) We have developed Li-Mg-N-H (8LiH-3Mg(NH,),) system which Fig. 2. Design concept of nanocomposite
absorbed and desorbed 5.8 mass% of H, at 150°C. materials for hydrogen storage

(AH: enthalpy difference, AS: entropy difference, AH,

(2) NaH-NH;BH, composite material desorbed 11 mass% of hydrogen .. hydride, The size of the hydrides: 10-100nm)

below 90°C without emission of NH; and foaming.
(3) LiH-NH; system desorbed 6 mass% of H, at room temperature.

4. For Application

Industry: Energy industry, Chemical industry, Automobile industry
Application: Energy storage and delivery, Challenge: Reversibility at room temperature.

Competitive Advantages

(1) The volumetric H, densities of nitrogen-based composite materials having protide (hydride) (H*)[LiH, NaH] and proton (H*")
[Mg(NH,),, NH;BH;, NH;] provide 0.9-1.4 times of compressed hydrogen at 70 MPa (3.9kgH,/100L).
(2) NH; shows promise for the application of H2 carrier because the cost of H, in NH; is below 1/4 of the supply cost of H,.

Patent/Journal/Award

Patent: Unexamined Publication JP2010-265138, JP2009-215103

Journal: Y. Kojima et al., J. Mater. Res., 24, 2185 (2009), H. Yamamoto et al., Int. J. Hydrogen Energy 34, 9760 (2009), H.
Miyaoka et al., Int. J. Hydrogen Energy 36, 8217 (2011), Y. Kojima, Materials Science Forum, 654-656, 2935 (2010)

Award: 2007: Highly Cited Researcher (ISI HighlyCited.com), 2009: Presidential Awards (Hiroshima University)

. J

URL http://home.hiroshima-u.ac.jp/hydrogen/ )
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1. Background

Current hydrogen production method is mainly steam reforming
of hydrocarbons. However, sustainable and clean hydrogen
production system without fossil fuels are required in future.
Moreover, in the case of current techniques, more than 800°C is
necessary, suggesting that heat sources are limited.

2. Research Summary
So far, promising hydrogen systems have been sorted by using

thermodynamic database and studied. On the other hand, in this ) .o P
work, we tried to control the chemical reactions from material 0, H2 0,
science point of view and reduce the operating temperature. Hydmgen storage/ransportatio
Particularly, the reaction conditions of water-splitting system Sustainable energy system by using hydrogen
including alkali metals with low melting point were systematically

investigated under nonequilibrium conditions. Entropy (AS) control  Energy (AG=AH-TAS)

High temperature

M

Low temperature

Na,O, + Na(g)

3. Result

From the calculation by using database, it is expected that more
than 1000°C is required to produce hydrogen for all the alkali
metal systems. However, the experimental results indicated that
the hydrogen production via the alkali metal systems can be
operated below 500°C by using nonequilibrium techniques, which
was lower than those of the current hydrogen production
techniques. The sodium Na system experimentally showed the Schematic image of temperature control
lowest operating temperature, 400°C. by nonequilibrium process

4. For Application

The hydrogen production technique studied in this work can be utilized below 500°C. Thus, renewable energy such
as solar heat and unused energy such as exhaust heat from factory can be available. As a future work, we would like
to try establishing the bench scale type for practical application.

Competitive Advantages

The current thermochemical hydrogen production via water-splitting requires more than 800°C. On the other hand,
in the case of the alkali metal system proposed in this work, the hydrogen can be produced below 500°C by using
nonequilibrium process. Its low operating temperature is recognized as advantage point for the practical use.

Patent/Journal/Award

H. Miyaoka et al. “Low-Temperature Water-Splitting by Sodium Redox Reaction”, under review.
_ J

URL ISSD HP http://www.hiroshima-u.ac.jp/rcsd/ labo HP http://h2.hiroshima-u.ac.jp/ )
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Study of Chemistry Using Mossbauer Spectroscopy Energy
and Environmental Radioactivity

CETTE) Mossbauer Spectroscopy, Spin-crossover, Environmental Radioactivity

Natural Science Center for Basic Research and Development

Satoru NAKASHIMA Professor

T snaka@hiroshima-u.ac.jp @GIEED Inorganic Chemistry, Environmental Chemistry

r

1. Background

Radiation and radionuclide are used in a variety of fields.

Maossbauer spectroscopy using g-ray is a powerful tool to
investigate materials. From the spectra, physical and
chemical information is extracted. Dynamic state of
radionuclide can be investigated by chasing environmental

radioactivity.

2. Research Summary

We investigated the relation of mixed-valence state, spin-
crossover phenomenon with their crystal structure. The study of environmental radioactivity started from the
management of drain water of RI facility and expanded to the study of dynamic stage of radionuclide.

3. Result

We revealed that the symmetry around the mixed-valence monocation affects the valence detrapping in the mixed-
valence state. We succeeded in the construction of a variety of assembled structures and the appearance of the spin-
crossover phenomenon. We are now discussing the effect of microoganism on the environmental radioactivity.

4. For Application

We believe that the mixed-valence compounds and spin-crossover complexes have an important role in the

development of new materials.

Competitive Advantages

Mdéssbauer spectroscopy is a powerful tool to investigate the electronic state of iron atoms nondestructively.
The study of environmental radioactivity is important in the field of environmental science.

Patent/Journal/Award

Inorg. Chem., Dalton Trans., BCSJ, Chem. Lett., etc.

078 home.hiroshima-u.ac.jp/radichem/ )
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for Drug and Poison Analysis |

CETELE Detection Kit, Colorimetric, Spot Test, Drug, Agricultural Chemicals

Institute of Biomedical & Health Sciences
Associate Professor

I namera@hiroshima-u.ac.jp QAL Toxicology, Analytical Chemistry

1. Background

A number of analytical methods based on chromatographic
techniques are used for the determination of chemical
substances. They, however, are not always useful because of
complicated laboratory instruments and time-consuming sample
preparations. An accurate, simple and rapid method for
detection of chemical substances in biological fluids is needed
which may be helpful in critical care medicine.

2. Research Summary
Colorimetric reactions, such as spot tests and Thin layer

chromatography with spray to produce a color, are used for
screening or preliminary identification of seized materials and
residues extracted from biological materials, because it is easy
to observe color changes without use of special instruments.

We researched reagents or detection methods for determination
of organophosphorus pesticides or medicines, which react in aqueous solution.

3. Result

A simple method for qualitative detection of organophosphorus pesticides or medicines in human urine was developed
by detecting the coloring. Thus, those proposed method is useful for qualitative analysis of these pesticides in critical
care practices.

4. For Application

This colorimetric method is applied to determine the drugs or chemical substances for environmental, clinical, and
toxicological laboratories.

Competitive Advantages

The detection kit will be useful for routine screening without an expensive apparatus. In addition, the time requested
for sample preparation or operation will be reduced for determination of drugs and chemical substances.

Patent/Journal/Award

URL )
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r

\_

1. Background

Water environmental protection technologies are accompanied with
requirements of energy and cost. Environmental businesses,
however, will come up in wastewater treatments, if high-value-added
products such as energy and resources are produced from
wastewaters.

2. Research Summary

Down-flow hanging sponge (DHS) reactor, which has been developed
as cost-effective and energy-saving wastewater treatments for
developing countries, has a great potential to easily cultivate micro-
organisms, which can be hardly cultivated. The new environmental
technology using DHS reactor would be expected to apply to
decompose strong greenhouse gases such as methane and nitrous
oxide, produce electric energy from organic wastewaters, recovery
phosphate rare metals from liquids. This technology is based on
eco-biotechnology, which is combined with microbial ecology and
biotechnology, and is developed to solve some environmental Phosphate recovery pilot-plant installed in

problems in my research. Higashihiroshima municipal sewage
treatment center to investigate performance

3. Result

The developing environmental technologies are as follows:

- Recovery of rare metals from wastewaters and sea water using functions of manganese oxidizing bacteria

- Recovery of concentrated phosphate from wastewaters and sea water using polyphosphate accumulating bacteria

- Production of biodegradable plastic, PHA from wastewaters

- Discovery and application of new microbes simultaneously decomposing greenhouse gases, methane and nitrous
oxide

- New nitrification process under low pH

4. For Application

Regarding the phosphate recovery, a pilot plant of the proposing system is installed in a municipal sewage treatment
site and the performance has been investigated using the actual sewage. The other technologies are in the basic
research to step toward the practical use.

Competitive Advantages

Innovative environmental technologies will be provided by using DHS reactor, which is able to retain concentrated
microbes, and by eco-biotechnology.

Patent/Journal/Award

Patent 2009-044797, 2011-048070

URL http://www.hiroshima-u.ac.jp/en/civil/ )
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Environment/

Development of Novel Fluorescent Energy
Dyes for Dye-sensitized Solar Cells

m Fluorescent Dyes, Dye-sensitized Solar Cells, Photovoltaic Performance, Photosensitizers, Color Materials

Graduate School of Engineering
Associate Professor

'm yooyama@hiroshima-u.ac.jp m Basic Chemistry, Applied Chemistry, Materials Chemistry

1. Background

Dye-sensitized solar cells (DSSCs) based on organic dyes adsorbed on  Conventional D-x-A Dye Sensitizers  Functionally-Separated D-7-A
nanocrystalline TiO, electrode which emerged as a new generation of Dye Se"s't';ers

. . . . . . A
sustainable photovoltaic devices, have received considerable attention @ @ O O Q b
because of high incident solar light-to-electricity conversion efficiency @ @Q;D—NO
and low cost of production. To achieve a breakthrough in development Nit: Hoo( :

Ni2: R nBu
of DSSCs, an epoch-making molecular design of organic dye capable of "';t

. . . . A
controlling not only the photophysical and electrochemical properties of New-type of D-7 -A Dye Sensitizers @ T Q o

the dyes themselves but also the molecular orientation and arrangement ) O
HOO

A T
of dyes on the TiO, surface is required. Ng D 6
ﬁ NI8

2. Research Summary NiztR=H O Q"
As a new type of D-11-A dye sensitizers for DSSCs, we have designed A b8 "’O

and synthesized D-11-A fluorescent dyes with a pyridine ring as electron- @ b
withdrawing-injecting anchoring group. The short-circuit photocurrent A Q) N-H}
density (J.) and solar energy-to-electricity conversion yield (n (%)) NI5. R = H

values of DSSCs based on a new type of D-11-A dye sensitizers are NI6: R = nBu W%o ,W/Wff
greater than those of the conventional D-11-A dyes with a carboxyl group

as the electron-withdrawing anchoring group.

3. Result

It was demonstrated that the formation of coordinate bonds between the pyridine ring of a new type of D-11-A fluorescent dyes
and the Lewis acid sites of the TiO, surface leads to efficient electron injection owing to the good electron communication
between them, rather than the formation of a bidentate bridging linkage between the conventional D-1-A dyes and the Bronsted
acid sites of the TiO, surface.

4. For Application

To further improve the photovoltaic performance of DSSCs based on a new type of D-1-A fluorescent dyes, an enhancement of
dye loading on the TiO, film is essential. One way of achieving increase in the adsorption amounts of the D-11-A dye sensitizers
is to prepare TiO, nanoparticles having many Lewis acid sites.

Competitive Advantages

The development of new type of D-11-A fluorescent dyes with pyridine ring indicated the pyridine rings of the new type of D-1-A
dye sensitizers that form a coordinate bond with the Lewis acid site of a TiO, surface are promising candidates as not only
electron-withdrawing anchoring group but also electron-injecting group, rather than the carboxyl groups of the conventional
D-1r-A dye sensitizers that form a bidentate bridging linkage with the Bransted acid sites of the TiO, surface.

Patent/Journal/Award

Patent application No. JP 2011-001709/ Angew. Chem. Int. Ed., 2011, 50, 7429-7433/ 1) Research Incentive Award in Electric
Technology Research Foundation of Chugoku, 2) Nissan Chemical Industries, Ltd. Award in Synthetic Organic Chemistry,
Japan, 3) Award for Yang Scientists in Industry-Academia Collaboration Program of Hiroshima University, 4) Young Scholar
Lectures of the Chemical Society of Japan, 5) Honor for University Scientists in Hiroshima Bank, Ltd., 6) Academic Incentive
Award in the UBE Foundation, 7) Incentive Award in Electro-Organic Chemistry, 8) Incentive Award in Chugoku-Shikoku branch
of the Society of Synthetic Organic Chemistry, Japan, 9) Best Lecture Award in Japan Society of Colour Material, 10) DIC Award
in Synthetic Organic Chemistry, Japan.

URL http://home.hiroshima-u.ac.jp/orgmtrls/Ohshita_Group/Ohshita_Group-Home.html )
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Dissolved Iron Dynamics and Energy

Iron Uptake by Phytoplankton

(ETTED Iron, Aquatic Ecosystem, Iron Specification

Graduate School of Engineering
Associate Professor

'm ojaki@hiroshima-u.ac.jp m Water Environmental Engineering

L
r

1. Background

Iron is one of the essential elements for living organisms, and iron

uptake is influenced by the oxidative states of metals or the E
binding states with organic matters. Microorganisms naturally §_
©
grow when the Fe®* concentration is very low. Other possible €
paths of iron uptake are the direct uptake of other forms of iron, or § .
equilibrium shifts due to the dissolution and reduction of different &
iron complexes to the Fe*". It is not sufficient only to investigate 0 120 240 360 480 600
Fe® concentrations when we consider the bioavailability of Fe**. Time (min)
0.4
= =0=M. a%
=3
2. Research Summary £ 03 —o—rz%
Iron was speculated to be uptaken by the phytoplankton with the E 0.2
equilibrium shift to Fe* from other iron forms. In order to verify this g T
speculation, the rate of uptake of iron by Microcystis aeruginosa 2
was compared with the rate of equilibrium shift to Fe**.
120 240 360 480 600

Time (min)

3. Result The upper graph shows the rate of total iron decrease
The rate of uptake of iron by M. aeruginosa exceeded that of by M. aeruginosa (blue) and the rate of Fe** generation
(measured by FZ (ferrozine), which is cobined to
Fe” selectively), and the lower graph shows the blue
phytoplankton is not limited by Fe*" equilibrium shift, and they  jine which is shifted to the rate of iron uptaken (blue).

would have the ability to uptake other iron form.

equilibrium shift to Fe*, suggesting that the iron uptake by

4. For Application
Supply of iron into the coastal sea area is one promising technology for the restoration of the ecosystem. In this study,
the new standpoint of iron speciation to the marine living thing bioavailability is demonstrated.

Competitive Advantages

In this study, the rate of uptake was DIRECTLY compared to that of equilibrium shift.

Patent/Journal/Award

Kento Hirota, Noriatsu Ozaki, Tomonori Kindaichi, Akiyoshi Ohashi: Comparison of Dissolution Kinetics of Fe** from
Various Ferric Specie in River Water and Sewage Effluents. The 4th IWA-ASPIRE Conference & Exhibition, 2-6 OC,

2011, 20-1-5
. J

URL )
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Environment/

Environmental Radioactivity Study by
Low-level Gamma-ray Spectrometry

CETHELE Radioactivity, Ge Detector, y-ray Spectrometry, Atomic Bomb, Fukushima

Graduate School of Engineering

KlYOShl SHIZUMA Professor

'm shizuma@hiroshima-u.ac.jp m Radiation, Nuclear Energy, Environmental Science

\_
( B

1. Background

Hiroshima City was exposed to the Atomic Bomb in 1945. One can
detect residual radioactivities around the hypocenter even now.
Radioactive fallout was found from the black rain streaks on the
wall. Low-level y-ray spectrometry can reveal the radiation effects |
of A-bomb, black rain and also, the distribution of radioactive fallout e ws ({11 1 oo
caused by the accident of Fukushima Dai-ichi Nuclear Power Plant.

Wios BamplaNo 1-3 (6702305

k3
1461 kel

2. Research Summary

In order to detect low-level radioactivity, natural radioactivity gives
major background. In the present work, anti-coincidence system to
reduce cosmic-ray background as well as heavy lead shielding has
been equipped to a well-type Ge spectrometer. Residual
radioactivities "*Eu and *°Co created by A-bomb neutrons in
mineral samples in Hiroshima and Nagasaki were successfully

measured. Fission product ¥’Cs were detected from black rain Low-level Ge spectrometer
streaks on the plaster wall exhibited at Hiroshima Peace Memorial
Museum. Radioactivities released from Fukushima Dai-ichi Nuclear Power Plant were also measured and evaluated.

3. Result

The dose evaluation for survivors of Hiroshima and Nagasaki A-bombs were compiled in DS02 system. Present
spectrometer gave fundamental data for the DS02 system. High concentration of ***U and '’Cs were detected from
the black rain streaks. Fallouts from Fukushima were detected at Hiroshima.

4. For Application

In order to improve the detection limit of this detector system, development of conventional concentration technique of
radioactivity is necessary. Various samples such as air, water, and soil can be measured and distribution and migration
of radioactive elements can be studied.

Competitive Advantages

- Well type Ge detector
- Anti-coincidence system
+ Heavy lead shielding

Patent/Journal/Award

More than 20 papers

URL http://home.hiroshima-u.ac.jp/qea/ )
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Research on the Increase of Energy
Plant Biomass

CETELE) Plant, Gene, Genetic Modification, Cell Wall

BL=1er:gigal=1a10) Natural Science Center for Basic Research and Development

Nobukazu TANAKA L

1D ntana@hiroshima-u.ac.jp @GIEED Basic Biology, Biological Science, Boundary Agriculture :
_ y,
( )

1. Background
There is really a call for genetic modified plants which have a
high activity of carbon dioxide fixation and increased biomass in a

low-carbon society.

2. Research Summary
Although secondary cell wall of plant woody cells is the largest
biomass on land, the accumulation mechanism is poorly

Fig. Cell wall observed by TEM
(a, control plant; b, hUGT 1-transgenic plant;

understood. Recent studies reported that arabinogalactan proteins cw and arrows, cell wall; bar: 0.5 um)
(AGPs) play a key role in the mechanism. However, the existence Table. Dry weight and total cell wall polymer
of vast amount of sugar chains on AGP disturbs our molecular Mean value = SD (mglg FW)
analyses. We formulated a hypothesis that a monosaccharide control HUGTT
composition of the sugar chains is involved in the AGP function, and

) ) . . ) Dry weight 456 + 0.6 1332+ 7.1a
are carrying out a study into a relationship between monosaccharide

-, . . . Total cell wall
composition and phenotype using genetic modified plants. polymer 105 £ 1.8 821542

ap<0.01

3. Result

We found that genetic modified plants over-expressing a human UDP-galactose transporter gene (hUGTT)
displayed an increased cell wall thickness, and their AGPs were hyper-galactosylated. These results indicated that the
monosaccharide composition of AGP is involved in the cell wall thickness.

4. For Application

Industry: fuel industry, paper manufactures, chemical industry, crop and plant modification institute
Application: bioethanol production, material of paper

Challenge: removal of lignin

Requests for industry: proposal of an ideal plant species to fit in our technology

Competitive Advantages

There are little reports that an increase of cell wall thickness was found on genetic modified plants transformed by
genes responsible for cell wall biosynthesis such as cellulose synthase up to the present. Our technology is broadly
applicable to many plant species for increase of biomass by thickening of the cell wall.

Patent/Journal/Award

Khalil et al., The impact of the overexpression of human UDP-galactose transporter gene hUGT1 in tobacco plants.
J. Biosci. Bioeng., 109, 159-169 (2010).

V45 http://home.hiroshima-u.ac.jp/ntana/index.htm )
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( Environment/

Heat Transfer Analysis of Energy
Gas Hydrate Re-gasification

CETELE) Natural Gas Transportation, Gas Hydrate, Gasification, Heat Transfer

Graduate School of Engineering
Associate Professor

'm stana@hiroshima-u.ac.jp m Naval Architecture and Ocean Engineering
\_ J
( )

1. Background

New storage and ocean transportation system of natural gas using
the gas hydrate has been studied and developed. It is necessary to

achieve more compact and more efficient re-gasification system,

and to develop a predicting method for the hydrate dissociation rate

from the point of view of the plant design.

Sl

2. Research Summary

Re-gasification test of methane hydrate was executed by means of [NGH peliets tank || GTGG power station || Power supply |
a bench plant, in order to grasp the influence of flow rate of water

on the heat transfer of the packed bed of hydrates with dissociating NGH pellets  High pressure natural gas

Y
phenomena. In addition, the dissociation characteristics were ﬂ/ \ / M—’
— L»(

investigated numerically.

Exhausted heat
Sea water heat

3. Result
Comparison of re-gasification test results and numerical calculations
was made to verify an analytical model. It was found that the heat transfer performance of re-gasification cylinder was

approximately characterized by unsteady incompressible water flow model.

4. For Application

These results will contribute to the design of more compact and more efficient gas hydrate re-gasification systems, and
improvement in the economy of natural gas ocean transportation chain for many of the small and medium-sized gas

fields in the east and south Asia.

Competitive Advantages

Re-gasification test of methane hydrates was performed at high pressure of 5.0MPa to develop an efficient re-

gasification system and numerical model with hydrate phase change was verified.

Patent/Journal/Award

Proceedings of the 7th International Conference on Gas Hydrates (ICGH 2011)

U545 http://naoce.hiroshima-u.ac.jp/3kozal/index_j.html )
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Practical Application of
Regional Environment Simulator (RES)

CETTELE) Atmosphere-vegetation Land Surface-ocean Coupled Model, Regional Environment

Graduate School for International Development and Cooperation

Takao YAMASHITA s

ETED tkoyamashita@hiroshima-u.acjp  @FELED Environmental Impact Assessment (Environmental Studies)

1. Background

After coupling of atmosphere and ocean models in early 1990s,
a future climate change on a global scale can be predicted. In
the field of computational Earth Science, various types of numerical
models have been created and opened to the public by many
institutions and researchers. We are now able to establish our
own simulator for regional environmental impact assessment.

IDEC, Hiroshima University
Regional Environment Simulator

2. Research Summary

As shown in the right figure, the configuration of RES consists of Global
three parts of estuaries-coastal ocean, atmosphere-land surface,
and atmosphere-ocean. Major model elements underlying are
numerical models used by many research institutions and
researchers. A meteorological model: WRF, ocean model:
MITgcm or POM, wave model: WW3 or SWAN, land surface Regional Environment Simulator (RES)
model: SOLVEG2, runoff hydrology model: HSPF. According to ~ Coupled numerical model system of Dynamic vegetation and
. . vegetation land surface, ocean, waves, estuaries, rivers and
the problems to be solved, the dynamlc Vegetatlon model, coastal and urban atmosphere, and hydrological analysis
estuaries-rivers model, and coastal models are combined with
major elements.RES provides a tool for education and research foundation of international environmental cooperation
studies and environmental impact assessment. RES also contributes to collaboration research with consulting firms to
promote application practices of environmental assessment and disaster predictions.

3. Result

Education & Research: Basic teaching materials and research tool for environmental impact assessment have been
established in the field of international environmental cooperation studies.

Applications in practice: A civil and environmental consultant has validated the applicability of RES in the fields of
disaster prevention and environmental impact assessment in the coastal ocean.

4. For Application

Application to an environmental consultancy.

Competitive Advantages

RES can clarify the interaction between environmental factors as the well as the numerical analysis of environmental
feedback.
This outcome also provides a basic environmental information for adaptation measures to global climate changes.

Patent/Journal/Award

(1) Global Environmental Technical Award in 2008 by the Japan Society of Civil Engineers (JSCE), 2008.
(2) JGEE Award 2010 (Journal of Global Environment Engineering Award in 2010 by the Japan Society of Civil Engineers)
“Modification of Fire Module in LPJ-DGVM for Application in Tropical Area: A Case Study of West Kalimantan”, Journal

of Global Environment Engineering (JGEE), Vol.15, 2010.

p://prc.hiroshima-u.ac.jp/project/works.php?project_id=42&works_id=19&pageMode=works
URL http://prc.hiroshi jp/project/works.php?project_id=42&works_id=19& Mod ki
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Design and

A Study on Stall Delay by Manufacturing
Wavy Leading Edge -

CETHELD Wing, Lift, Separation, Wavy Leading Edge, Stall

Graduate School of Engineering

Yasuaki DOI Professor

m doi@naoe.hiroshima-u.ac.jp m Fluid Engineering, Naval Architecture and Ocean Engineering

1. Background

Stall caused by flow separation is an undesirable phenomenon for -
wings of fluid machinery because of a decrease of lift force and an CL  —= saselinenacaoors a
increase of drag force. Stall control is an important technique for o0 \ h
flow separation problems on wings. :z : ‘('”S:ﬁ‘
0.60 - ——
2. Research Summary 050 (\
There was an interesting report on a wavy leading edge of %% -“\4 ‘
humpback’s flipper which inspired a possibility to delay stall, 030
however the mechanism remained unclear. The present study :f: L
reveals the mechanism of delaying stall by wavy leading edge. 0.00 | |
0 10 Aﬁgle of attaig(deg) %
3. Result iy o s

The mechanism of delaying stall by wavy leading edge was
revealed. The effects of various protuberances were evaluated on
rectangular wing and the effective configuration of wavy leading
edge for stall delay was discussed.

4. For Application

The application to lifting bodies, such as wings and a rudder, is
expectable.

Competitive Advantages

Flow mechanism of streamwise vortices around a wavy leading edge was revealed.

Patent/Journal/Award

Numerical Simulation around Rectangular Wings with Wavy Leading Edge: H. Arai, Y. Doi, T. Nakashima, H. Mutsuda,
J. of the Japan Society of Naval Architects and Ocean Engineers, Vol.12, pp.34-41, 2010 (Inui award)

URL )
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Design, Planning and Control of Manufacturing
Manufacturing Systems

m Manufacturing Systems, Production Planning, Production Control, Production Scheduling

Graduate School of Engineering

TO ru E G U C H I Associate Professor

m eguchi@hiroshima-u.ac.jp m Mechanical Engineering, Electric/Electronic Engineering

e )
1. Background

In the current competitive environment, effective design, planning and control

of manufacturing systems including global supply chain has become a

necessity for survival in the market place.

2. Research Summary
- Minimization of lead-times by integrating production planning and scheduling

- Meeting due-dates using capacity adjustment

+ Minimization of setup time
- Effective lot-splitting
- Optimization of scheduling using meta-heuristics such as genetic algorithm,

Estimation of Distribution Algorithm

3. Result

Effectiveness of the proposed methods has been confirmed by numerical experiments using practical data.

4. For Application

Machining and assembly industry

Competitive Advantages

Efficient planning and scheduling in a reasonable amount of time.

Patent/Journal/Award

Academic achievement award (The Japan Society of Mechanical Engineers)

URL http://home.hiroshima-u.ac.jp/mecdes/ )
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Design and
Development of Pulse-detonation Manufacturing

Technology and its Applications

(ETITD) Detonation, Combustion, Shock Wave, Internal Combustion Engine, Thermal Spraying

Graduate School of Engineering

Takuma ENDO Brofessor

D takumaendo@hiroshima-u.ac.jp @D Aerospace Engineering

\_

1. Background
Detonation is a combustion mode where a shock wave and
subsequent combustion zone propagate together at a high o

speed. Comparing with the conventional isobaric combustion,

. _ Detonable
mixture

burning temperature is higher and high-speed jets are easily Igniter
obtained in detonation. The objective of our research is to — —
. o o ) o (a) Supply and mix of (b) Ignition
make detonation utilized in industrial applications. fuel and oxidizer )

2. Research Summary

The pulse-detonation (PD) technology is such that fuel is
repetitively burned as detonations in a tube one end of which
is closed and the other end open. The upper figure shows a
cycle of the operation of a PD combustor. By using the PD
technology, we can easily obtain hot supersonic jets from the
open end of the PD combustor as shown in the lower figure.
The temperature and speed of the jets are 2400-3000 K and
800-1000 m/s, respectively.

(c) Burning in
detonation mode

Pulse Detonation
Rocket Engine

3. Result Test Equipment

We devglopeq a novel gas-supply method to a PD Directly Observed
combustor, in which all valves are kept open all through the Supersonic Jet
operation of a PD combustor, and attained the operation (1200 frames/second)

frequency of 250 Hz so far. Application of the developed PD
combustors to rocket propulsion, turbine drive, and thermal spraying are the ongoing projects.

4. For Application

Especially, turbine engine and thermal spraying are the main projects we dedicate ourselves to currently. In turbine-
drive experiments, we use a commercially-available automotive turbocharger as the turbine. Because the isentropic
efficiency of such automotive turbochargers is not so high, we are expecting joint research with private companies
who are familiar with turbine technology.

Competitive Advantages

We can operate a compact PD combustor at high frequencies without any moving components. The high burning
temperature of detonation means potentially high thermal efficiency of internal combustion engines based on PD
technology. High-frequency operation of a compact PD combustor results in a compact but high-power combustor. And
PD combustors we developed are much durable compared with other PD combustors because we do not use any
moving components.

Patent/Journal/Award

Pulse combustor and the method of pulsed combustion (patent applied for)

URL )
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Design and
Manufacturing

|

Development of Joint Design Support
System

CETED Joint Design, Welding Design, Optimization, Knowledge Management

Graduate School of Engineering

Kunihiro HAMADA s

'm hamada@naoe.hiroshima-u.ac.jp m Naval Architects and Ocean Engineering
\_ J

r

1. Background

Many conventional welding studies aim to improve element
technologies of welding. However, “System Oriented Thinking”
has been paid strong attention to in recent years. Therefore,
systematization and the informationalization of the welding is

necessary.

2. Research Summary
In this paper, boundary of joint design is considered to start from

the division of the structure and ends at deciding detailed [ L e e
. . . . . -2 Jesien -40 51.6857 61.8857 56.000.350952) \EM . 361582) 86252 (0. 866253 )
information to execute the welding operation. In order to realize = [ff==i——Jo.en pEat ;;E:;@‘% LD D —
. . . . . . . . . . . -5 esign =32 E.HEGX [33.9548 [71.000.0) [531(0. 079096 ) .SEHSSH(U.HSSHHS).B
this, the scenario for multistep optimization of joint information is
proposed. — 1 — RobotA
valuation mpact u i lem H
P | FHE RS RA- R RAD FO 5 =t Seml'AUtO 1
TR 2
3 Result E#hik=0H
Process model of joint and welding design is defined based on l ﬂ
the process analysis of the welding and the joint design. u
Moreover, Informatlon processing methOdS are proposed to indirect operation-sum of welding time | rate of zati no.olprocess|r
support the generation, analysis and evaluation of the design Plan37 537 h (056) 9% (09) | 55(038)

plans.

4. For Application

Optimization of joint of welding products and knowledge management of welding design is expected.

Competitive Advantages

Many conventional welding studies aim to improve element technologies of welding. Here, systematization and the
informationalization of the welding is examined in this study.

Patent/Journal/Award

Study on Generation Methodology of Welding Operation Information in Manufacturing System, Quarterly Journal of
the Japan Welding Society, 17-4, (1999), pp.508-518.

Implementation of the Joint Design Supporting System based on the Demand Analysis and the Design Process
Analysis, Quarterly Journal of the Japan Welding Society, 25-2, (2007), pp.286-297.

Definitions of Data Models and Data Processing Functions for the Joint Design Supporting System, Quarterly Journal
of the Japan WeldingSociety, 25-2, (2007), pp.298-308.

Best Paper Award of the Japan Welding Society

URL )
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Design and

Development of Corrosion/Environment Manufacturing
Monitoring System with Two-electrode Cell

m Chemical Plants, Plant Maintenance, Two-electrode Cell, Corrosion, Environment, Monitoring

YOShinori ISOMOTO Graduate School of Engineering

Associate Professor

m iyoshi@hiroshima-u.ac.jp m Materials Engingering, Chemical Plant materials, Chemical Engineering, Corrosion Engineering

1. Background

Deterioration of metallic components of nuclear power and chemical Switching Circuit

industry plants is caused by attacks of wear and corrosion. The i

Counter
Electrode

corrosion/environment monitoring is required for preventing plant

disasters. Ordinary impedance methods etc. are still inadequate in its Test
Specimen

handling and cost performance.

2. Research Summary
A corrosion monitoring system with two-electrode cell test circuit was

o , o 94" 413 K Boiler Water Condition | °
proposed in this study. The advantages of this system are easy E o <
. . . . L Cum. M. L. 430~
handling, simple instrument and cost performance, as compared with § 032 um 3OE
. . o . . 3 Corr. Curr. o 9]
the ordinary corrosion monitoring. The system can estimate corrosion % 0.2k ,205,
rates of metallic materials obtained from polarization resistances in % o ° §
201" 1108
potential and current behavior under a very short polarization condition. ks 01 o~2 10e
g . 8

= 0 1 L L L L L 1 1 L 0

(SIg] 200 400 600 800 1000

3. Result Time /min

Corrosion test results of carbon steel under a higher temperature and
pressure boiler water condition (140°C, 0.7 MPa) were coincided with corrosion current results estimated by this

system and sustain an application of this system to the corrosion monitoring.

4. For Application

This system will be one of the best technologies in plant maintenance, control and detection of plant environments.
The improvement of this system should be done in the near future, in order to apply to actual plant and process control

system.

Competitive Advantages

The advantages of this system are easy handling, simple instrument and cost performance, as compared with the

ordinary corrosion monitoring.

Patent/Journal/Award

Patent: P2009-276161A, P2010-087096A
Journal: Y. Isomoto and T. Sato, Zairyo-to-Kankyo (JSCE), 59 (7) 265-271 (2010).
Y. Isomoto and N. Okamoto, Proc. of JSCE Materials and Environment 2010, D202, 441 (2010).

URL http://home.hiroshima-u.ac.jp/mm1/ )
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FEM Stress Analysis and Strength Evaluation of Manufacturing

Adhesive Joints under Static and Impact Loadings

m Static Loading, Impact, Adhesive, Interface Stress Distribution, Singular Stress, Strength, Weight Reduction

Graduate School of Engineering

Toshiyuki SAWA Profossor

'm sawa@mec.hiroshima-u.ac.jp m Mechanical, Electric/Electronic, Physics, Material
\_

1. Background

Instead of the conventional mechanical joints, adhesive joints
have been widely used in many industries for weight reduction.
Therefore, it is necessary to investigate the characteristics of
adhesive joints under static and impact loadings.

2. Research Summary
The interface stress distribution and changes in the interface

stress distributions in adhesive joints under static tensile
loadings and impact loadings are analyzed using FEM
calculations. The effects of some factors such as Young’s
modulus ratio between the adherends and the adhesive and the
adhesive thickness on the magnitude of the singular stresses

occur at the edges of the interfaces are examined. Based on the

results, methods how to increase the joint strength are proposed.
In the case of impact, the strain rate dependency is taken
account in the FEM calculations.

3. Result

For increasing the joint strength, it is found that the Young’s modulus of the adhesive must be increase and the
adhesive thickness must be decreased. Under the impact loadings, the characteristics of the adhesive joints are
opposite to those of the joints under static loadings. It can be concluded that the characteristics must be taken into
account in the reliable design of adhesive joints

4. For Application
The conditions for the static design and impact design of automobiles and airplanes are elucidated. In addition, these
results will contribute to weight reduction in automobiles and airplanes

Competitive Advantages

The strain rate dependency is taken into account in the FEM calculations. The strain rate dependency was measured
in the experiments. The finding are that the characteristics of the adhesive joints under impact load are opposite to
those of the joints under static load.

Patent/Journal/Award

Goda, SAWA, Journal of adhesion

( B

U|5dE8  http://home.hiroshima-u.ac.jp/mml/ )

23



Hiroshima University Research and Technology Guide 2012

24

e

Design and

FEM Stress Analysis and the Sealing Performance Evaluation SSSUEIREREILE
in Bolted Flange Connections with Ring Joint Gasket

CETHEED Ring Joint Gasket, Bolted Flange Connections, FEM

Graduate School of Engineering

Toshiyuki SAWA s

m sawa@mec.hiroshima-u.ac.jp m Mechanical, Electric/Electronic, Physics, Material

1. Background

Bolted Flange Connections with Ring Joint Gaskets have been
used under higher temperature and higher pressure conditions.

Assembly procedures and bolt tightening methods of the
connection with ring joint gaskets have been done empirically.
Therefore, It is important to determine optimal assembly

procedures and tightening methods.

2. Research Summary
In this study, the leakage tests for bolted flange connections

with a ring joint gasket are conducted for obtaining the sealing
performance of the connections.
In addition, using the 3-D FEM stress calculations, the gasket

contact stress distributions for the connections are analyzed.

Using these results, the characteristic of the connections

with ring joint gaskets is examined.

Thermo control unit

3. Result

The ring joint gasket contacts with the flange groove completely when the plastic deformation occurs at the gasket

surface. Consequently, the sealing performance of the connection with the gasket is improved significantly.

4. For Application

Using the obtained available results on this study, optimal tightening methods and bolt preload for the connection

with the ring joint gasket can be established.

Competitive Advantages

No research focused on the characteristics of metal-metal contact for the bolted flange connections with metal ring
gasket has been conducted. In this study, the characteristic of the ring joint gasket based on careful study of metal-

metal contact has been clarified.

Patent/Journal/Award

K. Tenma, T. Kikuchi, T. Sawa, K. Horiuchi, Evaluation of Sealing Performance and FEM Calculations in Bolted Flange
Connections With Ring Joint Gasket Subjected to Internal Pressure, PVP2011, ASME, 2010PVP Medal Award

URL http://home.hiroshima-u.ac.jp/mml/ )
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Design and

FEM Stress Analysis of Bearing Surfaces and Manufacturing
Evaluation of Characteristics thereof

(ETIED) Contact Stress, Bolted Joint, Reduction in Bolt Preload, Permanent Set

Graduate School of Engineering

Toshiyuki SAWA s

m sawa@mec.hiroshima-u.ac.jp m Mechanical, Electric/Electronic, Physics, Material

1. Background

As the bolt strength increases, the bolt preload increases. The permanent
set at the gearing surfaces occurs due to a higher bolt preload. A reasonable
bolt design method is proposed that takes the reduction of the bolt preload
into account.

2. Research Summary
The elasto-plastic deformation at the bearing surfaces in a bolted joint was ya

= B0{F, F=8.7%
analyzed using FEM calculations. The deformation was also examined E gj
when an external load was applied to the joint. The development of the E}; Fjé} ,/

e
permanent set was analyzed and the reduction of the bolt load due to the R jﬁ’-—ﬁj//

= g

permanent set was estimated. This study proposes a method for determining ﬁ F/Fy ‘2“‘0@/

(=] /
the optimal bolt preload. = 30--—""'7

2
3. Result 3 20 A 15°
The result shows that the higher bolt preload could keep the higher bolt 20 30 40 50
load when the external load was applied. It was also found that the effect External load # [kN]

of plain washers specified in JIS was smaller on the reduction of the bolt
preload. It suggested that the thicker plain washer improves joining. The effect of plain washer thickness to permanent
set was also studied.

4. For Application

Further research is needed for bolted joints under higher temperature. The effect of creep under higher temperature
must be examined. The proposed method could be useful in designing automotive components.

Competitive Advantages

The proposed method for determining the bolt preload is valuable for practical design of bolted joints.

Patent/Journal/Award

URL )
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Stress Analysis and Sealing Evaluation of Manufacturing
Bolted Flanged Connections in Pressure Vessels

m Pressure Equipments, Pressure Vessel, Bolted Flange Connections, Sealing Performance, Leakage

Graduate School of Engineering

Toshiyuki SAWA s

m sawa@mec.hiroshima-u.ac.jp m Mechanical, Electric/Electronic, Physics, Material

1. Background

A tiny invisible leakage from the gasket interface in bolted flanged
connections is always occurring. Recently, from reliable design and
environmental standpoints, a rational design method taking into

account the tiny leakage is needed.

2. Research Summary
Actual bolted flange connections in piping lines are subjected to

internal pressure as well as bending moments. In addition, bolt
preloads may vary. Thus, the effects of the external bending
moments and the variance in bolt preloads on the gasket stress

distributions and the sealing performance should be examined from
a reliable design standpoint. Using the obtained gasket stress
distribution in bolted flanged connection, a method for estimating the amount of leakages is proposed.

3. Result

It was found that the effect of the variance in the bolt preloads were substantial on the gasket stress distribution and
the sealing performance. Furthermore, the assembling efficiency for the bolted flanged connection was proposed

taking into account the variance in the bolt preloads.

4. For Application

This research will contribute to the establishment of a reliable pipe flange and bolt preload design method taking into
account the external load to the pipe line system in the chemical plant and electrical power plant.

Competitive Advantages

This research shows the relationship between the bolt preload and tiny leakage form the gasket interfaces. The
findings of this study will contribute to a more reliable flange connection design method taking tiny leakage into

considersation.

Patent/Journal/Award

URL )
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! Design and
Polymer Processing Using Manufacturing

Supercritical Fluids

m Superecritical Fluid, High Pressure Gas, Plasticizing Effect, Foaming

Graduate School of Engineering

Shigeki TAKISHIMA s

G r736735@hiroshima-u.ac.jp @GELD Process Engineering, Physical Properties, Process System
\_

r

1. Background

It is desired to realize the polymer processes which are safe, e

environmentally benign, eliminating the use of toxic organic 108 [ pssca, ’
solvents or fluorinated gases, and precisely controlling physical @
properties, morphology, and functions of products. E.: 1o4r i
% 188°C
2. Research Summary g0 wwe
Supercritical fluids (SCFs) (high pressure gases above its critical 5 * w(00)=0
. : 3 2| = w(00,)=0.0195
temperature) dissolve in polymers about 10wt% and change the & o w(C0,):0.0851
polymer properties widely as function of temperature and Cross-Carreau Ea.
pressure. In our laboratory we are measuring the solubility and 1004 l |I0-2 l ;oﬂ I 1I02 ‘ 104
diffusivity of SCFs in various polymers, investigating the reduction sShear Rate [1/5]
of viscosity and glass-transition temperature of SCF-containing Fig. 1 Shear viscosity of CO,+PS

polymers, and applying the above phenomena to microfoaming

and micronizin g of p on mers saturation temperature 393K, heating temperature 393K, heating time 30s

3. Result

1) Zero-shear viscosities of polystyrene can be reduced about one
order of magnitude when several % of supercritical carbon dioxide
(scCQ,) is dissolved in it. (Fig. 1) 2) Polycarbonate is crystallized
up to 20% in several hours in the presence of scCO,. 3) Foam
polymers with about 10pym bubbles can be produced when
dissolved scCO, or nitrogen are rapidly released. (Fig. 2) 4)
Poly(ethylene glycol) can be micronized through a nozzle with an Fig. 2 Foaming of polystyrene using N,.
assistance of scCO,.

1I0MPa «—— 22MPa 25 MPa
500 um

4. For Application

Application of SCFs to polymer production and processing has widely been examined; for examples, removal of low
molecular weight substances, fractionation, addition of functional materials, dyeing, plasticization in injection and
extrusion molding, foaming, crystallization, surface modification, and micronization.

Competitive Advantages

Since properties of SCF-containing polymers can be varied with pressure, the morphology and function of polymer
products can be controlled with pressure as a key operational variable. Moreover, carbon dioxide is non-toxic and
inflammable, even if it is remained in the polymer products.

Patent/Journal/Award

See our website.

0] 78 http://home.hiroshima-u.ac.jp/highpres/ )
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27



Hiroshima University Research and Technology Guide 2012

28

( Design and

Grey-box Modeling Based on Manufacturing
Subspace Identification Methods

(ETITD) Subspace Identification Methods, Grey-box Modeling, Control Systems Design

Graduate School of Education
Associate Professor

m tanakalpha@hiroshima-u.ac.jp m Control Engineering, Electric/Electronic

1. Background

Accurate mathematical models are required for designing control

systems. White-box modeling based on the first principles and () = Az(t) + Bu(t)

y(t) = Cx(t) + Du(t)
Linear dynamical model for
control systems design

black-box modeling based on experimental data are two major
approaches. Subspace identification methods are basically black-

box modeling.

Twin Rotor MIMO system

2. Research Summary nput Disturbance
In this research, we develop theory for grey-box modeling, based —p| plant

Output
on subspace identification methods and white-box models. Setting for system identification utpu

(black-box modeling)
3. Result

We have derived grey-box models for a twin rotor MIMO system

and a pendulum system.

Components of Twin Rotor MIMO
system (for white-box modeling)

4. For Application
We expect that our procedure can be applicable to mechanical
and electrical systems for control systems design. We need more researches on effective grey-box modeling of the

systems that have large uncertainties in white-box models.

Competitive Advantages

We have accurate parameter dependent models using the prior knowledge on white-box models.

Patent/Journal/Award

Journal paper: SICE Journal of Control, Measurement and System Integration (2011)
Conference paper: IFAC World Congress (2011), SYSID (2012)

URL )
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The Intercausal Relationship regarding Manufacturing
Students’ Learning Activity in a Design Study

CETTED Manufacturing Class, Design, Thinking, Sketching

Graduate School of Education
Associate Professor

m cyata@hiroshima-u.ac.jp m Technology Education

\. J
e )
1. Background

The purpose of this study is to examine the intercausal

i' showing knowledge/skill‘i
relationship regarding students’ learning activity in a design ¢ | isometric drawing :
stud I\ X\ ;
Y- YH
fl \ internal activty |
2. Research Summary 5 !
) . , ) ' F2 F1.i! Fa F5 F3 |
Learning activity factors extracted from 113 students’ design ! v )
study were basic knowledge and skills required for ‘isometric 3 s | 308 /
/ 2 o
drawing method’, ‘thinking’ due to internal activity, ‘sketching’ t [ oxlanaionf | 4 [ exernal aciiy
. o, . i | drawing, comments !
and ‘comment on sketching’ relevant to external activity, and 4 ~ ;
‘details indication of measure’ and ‘inventive idea’ observed i e — T‘(/ "
: ; ; ; i inventive indication complete i
from final drawing. These date were examined by using a | ideas ofmeasure | 9awing i
covariance structure analysis. o EA R R,
CFl (L&A B 1EHR)= 902 BEALLH
RMSEA (1= FRETF A1R)=0.070 FI~F5 BEEHOFHRESET,
RREETVDLRRLBAEHERT,

3. Result

We found that ‘isometric drawing method’ affected the thinking factors ‘examination of use condition’ and ‘inventive
idea’ of designed articles. The thinking factors of ‘examination of use condition’ and ‘examination of the added value’
influenced the exterior learning activity of ‘sketching’ and ‘comment on sketching’. It was clarified that thinking of
‘production and use stage’ and activity of ‘comment on sketching’ contributed to qualitative improvement of design

activity.

4. For Application

Competitive Advantages

Patent/Journal/Award

Encouraging prize: Japanese Society of Technology Education (2010)

URL http://home.hiroshima-u.ac.jp/cyata/ )
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Design and

High Performance Dry-cyclone Manufacturing
with Movable Cut Size

(ETIED) Powder Technology, Classification, Standard Particle, Numerical Simulation

Graduate School of Engineering

Hideto YOSHIDA s

T r736619@hiroshima-u.ac.jp G Particle Classification, Cyclone Separator, Centrifugal Separation

r

1. Background

Particle classification means to separate large and small
particles based on cut size. Our laboratory developed the high-
performance dry-cyclone of movable cut size with simple
operation.

2. Research Summary
Conventional dry-cyclones are difficult to change the cut size

and to separate sub-micron particles. However, the new type

cyclone developed in our laboratory can separate sub-micron

particles with movable cut size. Research of new cyclone with b b
low energy consumption is also developed. I:‘
3. Result
By use of the additional jet air and inlet guide plate shown in
the figure, cut size about 0.5um is confirmed experimentally. b* N
B Q+q=Q,
4. For Appllcatlon Developed dry-cyclone with movable cut size

It is expected to apply this new dry-cyclone to various
industrial fields including material processing, protection of air

environment and food industry.

Competitive Advantages

It is difficult to reach the cut size to sub-micron range by use of conventional forced type particle separator. The new
cyclone is simple in construction and easy to change the cut size in sub-micron range.

Patent/Journal/Award

Yoshida, H. et al Advanced Powder Technology, 23, 185-190 (2012)
Yoshida, H. et al Powder Technology, 219, 29-36 (2012)

URL http://home.hiroshima-u.ac.jp/powder/ )
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The Quantitive Grasp Method and
its System for Symmetry-breaking

m Symmetry-breaking, Periodic Structure, Nano-technology, Block-diagonalization Method, Symmetry

Graduate School of Engineering
Assistant Professor

m mario@hiroshima-u.ac.jp m Applied Mechanics/ Structural Analysis (Fundamental Engineering)

L
( A

1. Background

In the lattice structure (including nano- & micro-structure and the
colloidal particle arranged regularly) of a uniform substance, etc.,
when accompanied by imperfection in the structure, it is hard to
quantify as to how many lattice defects exist. Especially for the
periodic defectiveness, human recognition is limited to very small
flexibility of lattice structure, it is already impossible with the level
of flexibility in an actual problem that one is going to analyze.

2. Research Summary
In new material development, where the atomic structure and Multi-particle lattice arrangement with periodic

particles (including nano- and micro-structure) are arranged defective particles.

regularly in the material composition, the disturbance of arrange-

ment and qualitative change are in many cases accompanied by

physically important and essential transformation of phenomenon.

| propose a method of systematical quantification and systemization.

3. Result

- Collapse can be predicted from the hierarchical level of the
symmetry, for substances with various composition and their
various pattern changes of symmetry-breaking.

- Suggest index-level and prediction for new material development. The symmetry breaking analysis and the

- The kind and level of the symmetry which has periodic symmetrical modification state of a sheet of having a
structure can be checked, and the hidden symmetry can be target hound's-tooth check hole.
found easily.

4. For Application
- Field of the exotic material research and development
- Light material device, the quality control field of a sensor material (periodic crystal arrangement and its structure)

Competitive Advantages

- Development of an exotic material (prediction and analysis of the detailed action of material which shines by stress).
- Collapse prediction of material which has a detailed structure periodically.
- As a means of quality control engineering of material.

Patent/Journal/Award

Japanese Patent Pending. This research result was derived from “Challenging Exploratory Research” of Grants-in-Aid
for Scientific Research in JSPS.

URL )
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Manufacturing Process Development of Al;Ni Intermetallic
Compound Reinforced Al Composite by using Ni Celmet

CETTELE) Metal Matrix Composites, Functional Materials, Metal Physical Properties

Graduate School of Engineering
Assistant Professor

'm ybchoi@hiroshima-u.ac.jp m Materials Engineering, Process Engineering

1. Background

The manufacturing of intermetallic compound reinforced composite has many problems in production cost, quality and
performance.
Since the conventional manufacturing methods have a limit in improving those problems, a new process method which

solves the above problems is required.

2. Research Summary
It is not possible to produce ceramic particle reinforced composite using the infiltration method. It becomes possible by

producing the intermetallic compound by a reaction with aluminum after infiltrating Al molten alloy with nickel celmet.

In order to produce highly productive intermetallic compound reinforced composite with sufficient casting, this study
applied the molten reaction principle to the low-pressure infiltration method.

The molten reaction type low-pressure infiltration method as a new simple manufacturing method has been developed.

3. Result

The intermetallic compounds of the reaction of porous nickel with Al alloy produced by molten reaction type low-
pressure infiltration method. Fine and granular Al;Ni was distributed in the matrix at the temperature, 973K the aspect

ratio of (ratio of length/width). Al;Ni phase was observed. Most of Al;Ni has the aspect ratio (1~3) of powdery shape.

4. For Application

It may be used for a broad range of purposes, such as piston ring parts of diesel engines and brake discs of

automobiles.

Competitive Advantages

For producing a composite, there are many problems such as production cost, quality, performance, etc. In order to
solve these problems, production with control of the dispersion, high density, low cost and complicated shape is
attained by using the molten reaction type low-pressure infiltration method.

Patent/Journal/Award

Y. B. Choi, The 8" Korea-Japan Joint Symposium on Composite Materials
\ J

C]7{5 | http://home.hiroshima-u.ac.jp/zaishitu/index.html )
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Synthesis of Calcium Phosphate Hydrogel from
Waste Incineration Fly Ash and Bone Powder

m Waste Incineration Fly Ash, Bone Powder, Calcium Phosphate Glass, Calcium Phosphate Hydrogel, Fast Proton Conductor, Fuel Cell

Graduate School of Engineering

Kunihiro FUKUI S

'm kfukui@hiroshima-u.ac.jp m Process Engineering, Material Engineering, Recycle Engineering
. J
-

1. Background

In Japan, over 7 million tons of waste incineration fly ash generated by
garbage incineration plants is discharged every year, and this amount has
been increasing. The main component of waste incineration ash is Ca. Over 4
million tons of chicken bone is also discharged per year as industrial wastes
in Japan. Chicken bone consists of Ca and P. A large portion of these
industrial wastes are reclaimed from the sea. Thus, there is a need to rapidly
develop new effective ways of reusing these industrial wastes.

SEM image of calcium phosphate hydrogel

2. Research Summary ' — —

Waste incineration fly ash and bone powder could be successfully recycled
into calcium phosphate hydrogel, a type of fast proton conductor. It was found
that the conductivity of the hydrogel from bone powder is almost equal to that
from calcium carbonate reagent, which is higher than that from incineration fly
ash. However, the difference of the conductivity among them can be hardly
observed above 100 °C.

g

Power density [mWiem?]

[
Current density [mAfem®]

3. Result ,
. . Performance of the fuel cell having the
The performance of fuel cells having the hydrogel membrane obtained from calcium phosphate hydrogel membrane

all raw materials increases with the cell temperature, and the fuel cell  from incineration ash

containing the hydrogel membrane from incineration fly ash has the highest

dependence of the fuel cell performance. For this reason, the difference in the cell performance among them can be
hardly observed above 120 °C.

4. For Application
Since calcium phosphate hydrogel is cheaper and shows a higher proton conductivity and greater heatresistance
than perfluorosulfonic polymers such as Nafion, it is thought to be one of the candidates for the electrolyte of fuel cells.

Competitive Advantages

As this hydrogel can be also applied to electric double-layer capacitors, and hydrogen sensors, the demand for it is
expected to increase in future.

Patent/Journal/Award

Japanese Patent Unexamined Publication No. 2008-016273 (K. Fukui, T. Yamamoto, H. Yoshida)

Fukui, K., N. Arimitsu, K. Jikihara, T. Yamamoto and H. Yoshida “Performance of fuel cell using calcium phosphate
hydrogel membrane prepared from waste incineration ash and chicken bone powder” Journal of Hazardous
Materials, 168, 1617-1621 (2009)

]38 http://home.hiroshima-u.ac.jp/greenpro/index.html )
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Synthesis of Functional Material Powder by
Microwave Heated Fluidized Bed Solid-phase Reactor

CETTELEE Microwave, Solid-phase Reaction, Fluidized Bed, Functional Material, Nano

e
Kunihiro FUKUI -Professor

'm kfukui@hiroshima-u.ac.jp m Process Engineering, Material Engineering
\_ _J

r

1. Background

The solid-phase reaction is a method that a product powder is acquired from

several types of raw material powders by mixing and heating these raw material Saseme :
powders at a high temperature. This method is widely used for synthesis of o . j;_i
ceramic powders and so on. Unfortunately, this method requires both a long comtrele — A =
reaction time and an enormous amount of energy to maintain a high temperature. Al E e 00
Controller

In this work, we propose the novel synthesis method with microwave heating.

Fluidized solid-phase reactor with

2. Research Summary microwave heating

The microwave heating could reduce the treatment time necessary for the wibomt sl
10 1

Y
e

completion of the solid-phase reaction by 1/30 and that microwave heating also
decreased the amount of ITO produced, since the powder layer of the raw

om
T

material was heated unevenly and had an uneven temperature distribution that

-

the center of the layer had much higher temperature than the periphery.

Therefore, a microwave heated fluidized bed reactor was proposed in order to

(5]
T

@ jiifi{L (microwave)
@ if#iE (microwave) |

Electrical conductivity [S/cm]
=
T

diminish the uneven progress of the ITO synthesis reaction.

—_

O e
L Il : L
0 5 10 15 20 25 30
3 . ReS u It Treatment time [min]

The electric conductivity of the powder obtained with the proposed reactor was  Relationship between conductivity of
higher than that of the commercially supplied ITO powder. Though the output of  obtained ITO and treatment time
the microwave irradiation kept constant, the attained temperature depended on
the packing fraction of the raw material powder layer in the reactor.

4. For Application

This novel method, the microwave heated fluidized bed solid-phase reactor, is most suitable for the functional
materials from the raw materials which have relatively high absorption ability for the microwave. For example, Carbon,
NiO, ZnO, CuO and so on.

Competitive Advantages

Since this novel method, the microwave heated fluidized bed solid-phase reactor, can reduce the treatment time
remarkably, and raise the yields of the product, we can reduce the energy consumption and the cost.

Patent/Journal/Award

Japanese Patent Unexamined Publication No.2011-246305 (K. Fukui, T. Yamamoto, H. Yoshida)
Fukui, K., K. Kanayama, M. Katoh, T. Yamamoto, H. Yoshida “Synthesis of indium tin oxide powder by solid-phase
reaction with microwave heating,” Advanced Powder Technology, 20(5), 488-492 (2009)

]38 http://home.hiroshima-u.ac.jp/greenpro/index.html )
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Development of New Method for Microfabrication of [t i s

Polyimide using High Pressure Carbon Dioxide

CENETEE Polyamic Acid, Polyimide, Microfabrication, Supercritical Carbon Dioxide

. Graduate School of Engineering
MasaShl HARUKI Assistant Professor

@D mharuki@hiroshima-u.ac.jp @GEED Process Engineering, Material Science

L
r

1. Background

Exixting methods for polyimide processing has some 10-2: | |
disadvantages for microfabrication from the view point of the
permeability of precursor and processing time. - PMDA A °

The objective of this study is to develop a new microfabrication _g 103 L A _
method for polyimide using supercritical carbon dioxide. g A

P ODA

2. Research Summary g 10 . E

As a first step, the solubilities of 4,4’-diaminodiphenyl ether b5 ,f ]
(ODA) and pyromellitic dianhydride (PMDA), which are § /5 \\  end A
representative monomers of polyimide, in supercritical carbon 5107k T:SO ¢ 3
dioxide were measured. = \§’in pure CO, P=20 MPa

Moreover, the relationship between the molecular weight of 10° | . |
polyamic acid which is an intermediate of polyimide and 0 0.1 0.2
polymerization condition was investigated. DMF mole fraction [-]

Fig. Solubilities for ODA and PMDA in scCO, with DMF

3. Result at 50°C and 20 MPa.

As for the solubilities of monomers, it was found that addition
of a little amount of N,N-dimethylformamide could enhance the monomer solubilities dramatically. Moreover, the
molecular weight of polyamic acid increased with increasing monomer concentrations, and it achieved more than
2x10* g/mol by using appropriate monomer concentrations.

4. For Application

Insulating layers of the devices for electronics and communications can be made in 3-dimensional microscopic
space. Moreover, fine particles of polyimide can be manufactured with only a little amount of organic solvent.

Competitive Advantages

Supercritical carbon dioxide has better permeability compared with organic solvents, and this technique can deliver
more monomers than compared with the deposition polymerization. Therefore, this method has great advantages for
fabrication of polyimide thin films and embedding polyimide in the narrow gaps on a high-aspect ratio surface.

Patent/Journal/Award

About solubility measurement; M. Haruki, N. Fukui, F. Kobayashi, S. Kihara, S. Takishima, Ind. Eng. Chem. Res., 50
(2011) 11942-11949.

URL http://home.hiroshima-u.ac.jp/highpres/ )
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! . . Material/Device
Development of Novel m-conjugated Materials for
the High-Performance Organic Electronic Devices
(ENETEE Organic Devices, Oligothiophenes

. Graduate School of Engineering
ICher IMAE Associate Professor
@D imac@niroshima-uacip  (GTLD Materials Chemistry, Applied Chemistry, Basic Chemisiry ‘
\_
p

1. Background

For the purpose of developing a novel organic T-conjugated systems, | have d b d % d %
designed the novel family of oligothiophenes containing 3,4-ethylenedioxythiophene %3 & ¢ 9 » 9 (~° )
(EDOT) unit (see Figure), and apply them to organic electronic devices such as Catt CoHis
organic field effect transistor, organic thin film solar cells, and dye-sensitized 4 %
solar cells, as flexible and printable devices. s fs‘ \S/ /5 \S/ /S\

OUO
2. Research Summary 'S o

In this research, | focused on the 3,4-ethylenedioxythiophene (EDOT) unit ® (> e~ B < (P~
which can work for the stabilization of charged state of oligothiophenes and the o_ Q0
extension of the effective T-electron conjugation length. FARN d % d %

However, there are no report to obtain the pure EDOT-containing ® & * : ® (> 9 » % :
oligothiophenes which have over 5 units of thiophene rings, because the Cettra Chths
difficulty of the synthetic method. Q e

O Ol yom
3. Result -
On the preparation of some compounds, purification processes are strongly Q

VAIAY
o8P N
N
affecting the efficiency to obtain them. In this work, | adopted the starting @ Wcm’”

materials and reagents which easily make the isolation of the objective
Figure: EDOT-containing oligothiophenes
compounds from by-products.

The oxidized states of EDOT-containing oligothiophenes were found to be stabilized well, and showed remarkable red-shift of

absorption bands.

4. For Application

| have been studying the application of EDOT-containing oligothiophene themselves to the organic semiconductor materials
for the field effect transistors. Also, | am trying to synthesize some derivatives containing oligothiophenes for the donor unit of
m-conjugated polymers for plastic solar cells and t-bridge unit of donor-1r-acceptor type dye-sensitized solar cells, | hope that
companies related with organic electronics will co-work with me.

Competitive Advantages

Organic electronic devices such as field effect transistors and plastic solar cells are generally flexible, light and able to
fabricate the large-area devices with low costs. In these points, they are superior to the inorganic-based devices.

Patent/Journal/Award

- I. Imae et al., Electrosynthesis and charge-transport properties of poly(3’,4’-ethylenedioxy-2,2’:5’,2"-terthiophene), Mater.
Chem. Phys., 131, 752 (2012).

- Award for Encouragement of Research in Polymer Science “Synthesis of Conjugated Oligomers with Well-defined Structures
and Their Application to Photo- and Electroactive Materials” (2005, the Society of Polymer Science, Japan)

URL http://home.hiroshima-u.ac.jp/imae/ )
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Material/Device

Improvement of the Effective Thermal
Conductivity Using CNT

CETELE) single-walled Carbon Nanotube, Packed Bed, Nano Material

Graduate School of Engineering
Associate Professor

m Thermal Engineering

'm shu18@hiroshima-u.ac.jp

r

1. Background

Low heat conduction in the packed bed is one of the most 0.02 . . . .
important issues for realizing the fuel cell car society. At the y=0.0035x+0.0032 (R2=0.9988)
moment, it cannot comply with the practical demand of pure alumina
refilling rate for hydrogen.

2. Research Summary 001

In this study, | focus on two themes; one is to develop the

technique to synthesize single-walled carbon nanotube,

y=0.0012x+0.0053 (R?=0.9980
with CNT

which possesses outstanding thermal conductivity, on the

Thermal resistance [m K/ W]

metal hydride, and the other is to confirm the effectiveness
for CNT use.

0 1 2 3 4

Thickness of Packed bed [mm]

3. Result

| succeeded in synthesizing single-walled carbon nanotubes
on the metal hydride, and confirmed its effectiveness.

4. For Application

In the next stage, | have to develop the ways of synthesizing better CNT and controlling the filling rate. | hope the

industry to cooperate in these practical researches.

Competitive Advantages

Conventional techniques to enhance the effective thermal conductivity of the packed bed system include two main
faults. One is to reduce the net volume of the vessel, and the other is the efficiency is not enough because the contact

thermal resistance is still large.

Patent/Journal/Award

Patent Application No. JP 2010-132052
S. Inoue & Y. Matsumura, J. Hydrogen Energy, 37, 1836 (2012).

URL http://home.hiroshima-u.ac.jp/~hpthermo/
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Forming of Conducting Nanowires

through Plasma Discharge
CENETEE) Plasma Process, Nano-wire

Graduate School of Engineering

Masahlko KATO Associate Professor

m mkato@hiroshima-u.ac.jp m Mechanical Engineering, Material Engineering, Structual + functional Material
.

1. Background

Recently, materials with a fine surface structure at nanometer
level are paid attention to as the mechanical, electrical
chemical properties are prominently improved. However, the

processing cost is extremely high.

2. Research Summary
To obtain nano-wires on steel surface, specimens were

plasma discharged using R.F. power source at reduced
pressures. Optimization of discharging condition and

clarification of formation mechanism was carried out.

07-Nov-08

3. Result

Nano-wires with a diameter less than 1um and a length ranging from 10 to 100um were obtained as is shown in the
picture. The nano-wire consisted of CrC, and showed electrical conductivity.

4. For Application

Possible application: Heatsink, Cold emitter, Catalyst support, under-layer for coating, Surface of rolling

Competitive Advantages

Manufacturing cost is much lower than that using microfabrication technique, and adhesive strength is extremely
high.

Patent/Journal/Award

patent application 2012-26002 (Formation of nano-wires on metal surface, metallic material with nano-wire)

4 )

URL http://home.hiroshima-u.ac.jp/zaikyou/
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Effects of Molecular Fine Structures on
the Macroscopic Properties of Vinyl Polymers

CETELEE Functional Polymers, Vibrational Spectroscopy

Graduate School of Science
Assistant Professor

ETEID katsumot@hiroshima-u.ac.jp (LD Polymer Physical Chemistry

L
( A

1. Background

Vinyl polymers possess the stereoregularity based on the side
chain configuration, which significantly affects on the macroscopic
characters of the polymer. The ultimate goal of our research is to
elucidate how the molecular fine structures are correlated with the

macroscopic properties of soft and flexible polymer systems.

2. Research Summary
A combined use of Stereospecific living radical polymerizations,

vibrational spectroscopy, and quantum chemical calculations can
provide a clear molecular picture of functional polymers in

solutions. The protein adsorption to stereocontrolled polymer films

has also been examined.

n 1 n 1 n 1 n
0 5 10 15 20
Concentration / wt%

3. Result

(1) Solvation of the side chains of polymer competes with the interaction among the neighboring side chains in vinyl
polymers.
(2) Protein adsorption on the polymer thin films significantly changes depending upon the stereoregurality of vinyl

polymers.

4. For Application

Collaboration with any company is available

Competitive Advantages

Spectrum analysis based on the quantum chemical calculations, Stereospecific living radical polymerization,

Molecular labeling techniques

Patent/Journal/Award

Y. Katsumoto, et al. J. Phys. Chem. B. 114 (42) (2010) 13312.
Y. Katsumoto, et al. Macromolcules 43(6) (2010) 3120; Macromolecules 41(15) (2008) 5955.

URL )
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Development of Polymer and Organic/
Inorganic-nanoparticle Composite Materials
(ENTEE Polymer Nanocomposites, Nanoparticle Dispersion, Supercritical Fluids

. . . Graduate School of Engineering
Shl"'lChl KIHARA Associate Professor
@D snkhara@niroshima-uacip  (QGEED Poymer Rreoty,CrericalEngneerng, Polymer Matrl Prcessig
( )

1. Background

Polymeric materials with novel highly functions would be developed by
well-dispersed and fine-structured single nanometer cluster of inorganic
or organic-nanoparticles. However, the fundamental process on
nanoparticle dispersion has not been established especially as a
environmentally friendly process, and the expected effects of nano-
clusters on polymer nanocomposites have not been achieved in general
because of difficulty of nano-scale dispersion.

2. Research Summary

We have develop a highly efficient mixing process combined with the
superior properties of the supercritical fluids; the plasticization of

polymeric materials and the rapid sorption by high diffusivity. The effects 20 ‘ ; =

of supercritical fluid make it possible to mix polymer/nanoparticles s (B p —5070m Tog PSCuthd),se-cO,
system at lower temperature than the conventional mixing and 16 - 2 - 12 MPa, 150C, 0.5 h
simultaneously to introduce nanoparticles into entangled polymer matrix —— Gaussian plot

without using organic solvents. Entanglement

correlation length:8.5 nm

NN

3. Result

Frequency [ %]
7522

8 .
The Figure shows the result of general-purpose polystyrene /Cu complex 6
nanocomposite material produced by newly developed mixer under 12 4 é
MPa CO, at 150°C. Dispersion of Cu complex clusters has been achieved 2 .
in single-nanometer-scale, that may be controlled by the correlation 0

length of the entanglement. The nanocomposite shows that the zero-
shear viscosity of nanocomposite is reduced by about 1/10 and the Equivalent diameter [ nm]
dielectric constant is 1.2 times higher than the neat polymer, in spite of

as low as approximately 0.01 volume fraction of particles. However, the ~ Figure. TEM images of polystyrene /Cu complex
glass transition temperature does not change very much. These compounds (a) and equivalent circle diameter
properties may come from the effect of nanoscale particles dispersion in  distribution of the cluster of Cu complex (b).

linear polymeric matrix.

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

4. For Application

- Development of master batch of polymeric compounds.

- Fine-kneading required under low temperatures and non-organic solvent.

- Single nano-scale metal clusters dispersion into polymeric material aiming at developing a conductive polymer and high index
polymer, etc.

Competitive Advantages

To the conventional method, there are the in-situ polymerization method using a large amount of organic solvent and the melt-
mixing method using specialized surfactant and high shear flows that causes thermal degradation of polymers. Our method has
advantage of no-organic solvent and low temperature process and more can achieve the well-dispersed single-nanometer
particles into polymer.

Patent/Journal/Award

Shin-ichi Kihara, Masaaki Okamoto, Ai Nagira, Masashi Haruki, and Shigeki Takishima, “Development of Polymer/Nanoparticle
composite Materials Using High Pressure Fluids”, Asian Joint Conference on Advanced Polymer Processing, 2011/9/4-8,

Huanghai Hotel, Tsingtau, China
L J

URL http://home.hiroshima-u.ac.jp/highpres/ )
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Early Breast Cancer Detection Using
Ultra-wideband Impulse Radio

CETTELED Electron Devices, Integrated Circuits, Electronic Materials

Research Institute for Nanodevice and Bio Systems g

Takamaro KIKKAWA Professor

'm kikkawat@hiroshima-u.ac.jp m Electrical and Electronic Engineering i
. WV,
4 )

1. Background

Issues of medical engineering in early breast cancer diagnostics are
X-ray radiation and painful X-ray mammography. Issue of high data rate
communication among electrical equipments and devices are the
limitation of the communication bandwidth. In order to solve these
issues, ultra-wideband impulse radio communication technologies are
applied to the new fields in terms of impulse radar emitted into bodies
and integrated antennas on semiconductors for near field transmission.

2. Research Summary

Researches on ultra-wideband CMOS integrated circuits and antenna
propagation for early breast cancer detection and inter-chip signal
transmission are conducted. Technologies are silicon on-chip antenna,
CMOS-UWB generator, UWB transmitter, UWB receiver, UWB amplifier
and high-speed digital signal processing as well as UWB antenna array
and switching matrix circuits.

fmm]
3. Result Depth
We have developed ultra-wideband CMOS integrated circuits having
silicon on-chip antenna for the first time. Using this technology, we have
developed CMOS integrated circuits and antenna array for early breast cancer detection system.

Confocal imaging of breast cancer phantom

4. For Application
Looking for industrial partners who are interested in early breast cancer detection system, electrical devices, health
care devices and medical equipments.

Competitive Advantages

Competitive advantages of thi s research are integrated technologies of non-invasive imaging system for early breast
cancer detection by use of CMOS integrated circuits, ultra-wideband micro antenna array, confocal imaging algrism,
and impulse radio radar system radiating 1/1000 of conventional mobile phones.

Patent/Journal/Award

Patent: JP2008-241834/ Journal: T. Kikkawa, P. K. Saha, N. Sasaki, and K. Kimoto, IEEE Journal of Solid-State
Circuits, Vol. 43, No. 5, May 2008, pp.1303-1312./ Award: The Japan Society of Applied Physics 2000 Best Paper
Award. 2008 The Japan Society of Applied Physics Regional Achievement Award. Fellow, Institute of Electrical and
Electronics Engineers, Inc., USA. Fellow, Japan Society of Applied Physics, Japan

URL http://www.rnbs.hiroshima-u.ac.jp/kikkawalab/ )
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Design and Development of Pb-free Solder
Alloys for High Temperature Applications

(ENETEE Alloy Design, Pb-free Solder, Property Estimation, Electron Theory

Graduate School of Engineering

Kazuhiro MATSUGI Professor

'm matsugi@hiroshima-u.ac.jp m Environment, Energy, Manufacturing Process, Material

r

1. Background

Pb-free solder alloys for high temperature application, have never s
500 7

been developed successfully. The alloy design of high performance 2450 - R 1s
- . & 400 S
alloys such as Ni, Ti, Al based alloys have been carried out on the v} \A_Mﬁ,,_ o | %
basis of the electron theory. This theory may be applied to design of %0300 - ﬁ% 1y 8
2250 s
Pb-free solder alloys. 20 E %‘)
% :gg : New alloys by AMk 12 =

< Om Ultimate tensile strength A 1

2. Research Summary £ % A Flongation , .

2-1) Determination of alloy system and composition: Zn alloys have 5 0 0.05 0.1 . 01502 0.2

low cost and similar melting points to Pb alloys. Zn alloys are alloy-
. . Fig.1 Relation between AMk and UTS, elongation.
designed theoretically.

2-2) Measurement of melting point and tensile properties:

3. Result

Contoll of tensile properties by parameters obtained from electron theory: AMk (s orbital energy level, R. Ninomiya,
Doctor thesis, Mechanical properties and alloy design of Mg and Zn alloys, Toyohashi University Technology, 1995)
was used for prediction of tensile properties. Figure 1 shows the relation between UTS and elongation of Zn-10Al-
0.02Mg-0~13.5Cu alloys. Alloy design has to be carried out for optimization of both UTS and elongation in specified
region of AMk more than 0.07. Two alloys of Zn-Al-Sn are obtained on the basis of this specified region. These alloys

show UTS more than 200 Mpa and elongation of 5%.

4. For Application

This research contains the (Dnecessity, @importance, @emergency and @originality.

Competitive Advantages

This approach for alloy design showing the rapidity and accuracy has never been reported in the world.

Patent/Journal/Award

patent application 2011-069511 (Determination method for composition of Zn alloys for high temperature applications

and their appliacyions)

URL
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Organosilicon-based lon Conductors

(ENETEE Organosilicon, lon Conductive Material

TomOnObu MIZUMO Graduate School of Engineering

Assistant Professor

EETD mizumo@hiroshima-u.ac.jp GEED Materials Chemistry

L
( A

1. Background

A lot of electrochemical devices such as batteries, sensors and
displays are incorporated organic electrolytes. By substituting the
conventional electrolytes for solid electrolytes or nonvolatile liquid
electrolytes, electrochemical devices are expected to show stable
performance and longer lifetime. We research the design,
synthesis and evaluation of the new ion conductive materials
which are having organosilicon as the base structure.

2. Research Summary
In this research we design and synthesize new organosilicon

compounds. The materials are given ion conductive property by 3.0+ g %0 8
adding and dissolving salts to the polar organosilicon, or by *g 401 8w 0 g C 5 i
o
anchoring ionic moiety into their chemical structure. The materials’ ” 50 a " DOO o
~ 7 B A m] @] N
property such as ion conductivity, electrochemical stability, lithium 5 N . %5
et o
ion transference number, and thermal properties are evaluated. g B0 O LITFSA A o |
70l o LiOTf |
A LiPFs N
3. Result 8.0 L - . .

26 28 30 32 34 36

We have developed the ion conductive materials based on o
1000T " /K

hypervalent silicon such as silatrane. Bacause silatrane is a highly

polar material, it dissolves lithium salts to form liquid state (upper) The chemical structure of silatrane and the
lithium salts, (middle) the picture of silatrane/lithium salt
complexes, and (lower) the ionic conductivity of the
silatrane/ lithium salt complexes.

silatrane/lithium salt complexes. The complexes showed ionic
conductivity of 10° S cm™ and thermal stability of 300°C.

4. For Application
Our materials might be utilizable to batteries and electrochromic devices and so on. However, plenty of drawbacks
such as low ionic conductivity are still remained.

Competitive Advantages

Comparing with the conventional organic electrolytes, organosilicon-based ion conductors have advantages of non-
volatility and high thermal stability.

Patent/Journal/Award

Patent Japanese Patent Unexamined Publication 2011-086548

Paper Mizumo, Fujita, Ohshita, Chem. Lett., 2010, 40, 798-800.
\ J

URL )
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Chemical Engineering Approach for
Material Synthesis on the Use of Rare Metal

m Raremetal, Nano/Fine Particle, Phosphor, Magnetic, Catalyst Materials Metal-bio Technology, Recycle

Graduate School of Engineering
Assistant Professor

m ogit@hiroshima-u.ac.jp m Chemical Engineering

L
r

1. Background

Optimization of the use of rare metal has increasingly captured the Strategy for material synthesis
attention of researchers for decades. The exploration of several on the use of rare metal
strategies, which relate to find alternative materials (rare metal free 1) Development of alternative material

materials), to minimize/reduce the use of rare metal, and to recover -Development of phosphor material

the rare metal itself, has become a great quest for large field of

-Development of magnetic material

<zct”
applications, especially facing with the limitation of resources. & g
Full-color BCNO phosphor (rare-earth free)
2 i Re searc h S umma ry 2) Technology for usage-saving of rare metal
X . . - Usage reduction by using nanostructured particles
1) Developments in the synthesis of rare metal-free material new (high performance with less rare metal )
. . -Optimization of particle size, crystalline, morphology for
phosphor / magnetic materials. various purposes
2) Techniques to optimize the use of rare metal based on particle Morphelagy and structure control for befter function

More function

nanotechnology.
Elaboration of the particle processing of several morphologies
(sphere, encapsulated, porous, and hollow) in terms of the
selection of material types,

3) Recovering techniques to rare metal using bio-mineralization and

bio-sorption
3. Result
- Rare-earth free BCNO phosphor (quantum efficiency= over 70% . R
- Hollow porous carbon materials and their application to fuel cell IR A 7
- Pt supported WO, nanoparticle and their photocatalytic activity Recovery using low cost adsorbent BESCTRYS ()

- Structure control of fine particle used for phosphor and catalyst
- Recovery of tungsten using microbe (E. coli)

4. For Application

- Field of materials processing related to rare metal compound

- Field of particle technology for the advanced function materials
- Field of recovery of rare metal from the aqueous solution

Competitive Advantages

Due to the method outlined here can be broadly applied to the optimization of various types of functional materials,
especially related to rare metal compound, we believe that this study contributes new information to the field of
chemical, material, environmental, and medical engineering.

Patent/Journal/Award

42 papers, 22 Japanese reviews, and 5 awards (Please accesses to the following website.)
\ Wy,

URL http://home.hiroshima-u.ac.jp/aerosol/ http://home.hiroshima-u.ac.jp/~ogit/index.html/ )
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Nanoparticle Synthesis, Dispersion and
Functionalization for Industrial Appllcatlons
m Nanotechnology, Material Science, Heat-transfer Engineering, Fine Particle Engineering, Chemical Engineering

. Graduate School of Engineering
Kikuo OKUYAMA Prfossor
ETEID okuyama@hiroshima-u.ac.jp @GEED Process Engineering

1. Background

Various nanoparticle materials (with diameters less than about 100nm) are
now under industrial application as electronic, optical, magnetic, cosmetic,

drug materials and so on. The uses of these nanoparticles are expected to @» @ ion of enviror

1. Determination of impurity and
optimum size

increase in the future from the viewpoint of energy conservation and the f"e""'y materials
saving resource. However, since these nanoparticles are hard to handle

Porous

compared to micron-sized particles, handling technology as well as 5?2?.';3;’;‘2?;,
nanoparticle synthesis methods become very important.. etc.
Strategy of Porous material:
. Nanomaterial Silica, titania and
2. Research Summary | tenarie b \TEEEE/ e

In the application of nanoparticle material, five strategies are under Harmlese

research; oW Submicron particle

(1) Determination of effect of impurity, outer size and crystal size on the  Nanoparticles
function of nanoparticles.

(2) Development of new synthesis method for nanomaterial related to :L“:Lff:&:i"h ’fr":;:'s?:,:;'g;l:':t[;"ng
environment and energy related application. | 5 f;ﬁ'é’piﬁ'.‘é.';’i'e" composite .%

(3) Self-organization method for avoiding the health effect(Nano-risk), and ¢ s\‘ "“g’“de

4. Optimization of synthesis
process

Multifunction

multi-structuralization of nanoparticles for better function. composite particle
(4) Optimization of synthesis process, nanoparticle dispersion by beads mill
and surface modification for functionalization.
(5) Synthesis of controlled composite, porous, hollow and dense particles.
Moreover, nanoparticle measurement method , ion generation and nano-fiber synthesis are under research.

3. Result

- New aerosol and colloid synthesis methods are developed.

- Generation of ions by electrospray for the air purification.(ion-induced nucleation)
- Nano-fiber synthesis by electro-spinning for air filter application.

- Dispersion and coating of nanoparticles for thin film preparation.

- Self-organization of nanoparticles for various morphology particles.

4. For Application

Nanoparticles are key material in Nanotechnology, and are widely used in the field from engineering to medicine. Use of
nanoparticles is expected to save energy and cost and expected to be widely available. However, nanoparticles are difficult to
handle and handling technology as dispersion, coating, drying and so on becomes very important.

Competitive Advantages

From 2001 to 2006, “Nanoparticles Synthesis and Their Functionalization Technology” Project in NEDO’ nanotechnology
program was conduced as joint research with 12 companies. Through this project, current status of nanoparticle synthesis,
dispersion and functionalization technology was examined from the point of view of industrial application. Our researches on
nanoparticle synthesis, dispersion and functionalization technology are well-known in the world.

Patent/Journal/Award

Many patents and about 400 SCI research papers were reported. From many awards, 2002 Fuchs Memorial Awards from the

Aerosol Research Assembly and 2009 Society Award from the Society of Chemical Engineers, Japan, are representative.
L J

URL http://home.hiroshima-u.ac.jp/aerosol/ Researcher ID in Web. of Science is F-6092-2010. )
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Development of Fluorescence PET
(Photo-Induced Electron Transfer) Sensor for Water
m Fluorescent Dyes, Water Detection, Sensors, Photo-induced Electron Transfer (PET), Zwitterionic Structure

Graduate School of Engineering
YOUSUke OOYAMA Associate Professor
D yooyama@hiroshima-uacjp  (GTTD Basic Chemisty, Applied Chemisty, Matrias Chemisry
-

1. Background

Sensing water in organic solvents is of a practical importance as well as (a) Anthracene-amino acid 1
of a keen interest in fundamental analytical chemistry. Water sensors :')

based on fluorescence measurements have been developed so far. In

most of these fluorescence water sensors, however, the fluorescence “ /)e

intensity decreases with an increase of water in organic solvents and this ' -H,0
feature makes them difficult to detect a trace amount of water. Thus, a ":.T“"'"e ‘"ml .

new detection principle is required for improving sensitivities of
fluorescence water sensors.

(b) Anthraoene—amino acid 2

2. Research Summary 53 )k P

We have designed and synthesized anthracene-amino acids 1 and 2, PEngz

and anthracene-boronic acid ester 3 to develop a new class of Non Neutra e
fluorescence PET (photo-induced electron transfer) sensors for detection (c) Anthraoeneboromc acid ester 3

of water in organic solvents. An enhancement in fluorescence is observed
with increasing water content in various organic solvents, which is
attributable to the suppression of PET by the formation of fluorescent
ionic structure by the intramolecular proton transfer of the carboxyl proton
to the amino group for 1 and 2 and hydrolysis for 3. NonF

3. Result

The detection and quantitation limits of anthracene-boronic acid ester 3 are, respectively, 0.2 and 0.7 wt% for 1,4-dioxane, 0.2
and 0.5 wt% for THF, 0.04 and 0.1 wt% for acetonitrile and 0.04 and 0.1 wt% for ethanol. The fluorophore-boronic acid ester
system is one of the most promising classes of fluorescence PET sensors for detection of a trace amount of water.

4. For Application

Further studies on development of the polymer film containing fluorescence PET sensor for detection of water in organic
solvents and in the atmosphere are required.

Competitive Advantages

In most of conventional fluorescence water sensors, however, the fluorescence intensity decreases with an increase of water in
organic solvents and this feature makes them difficult to detect a trace amount of water. On the other hand, In our fluorescence
PET sensors, the addition of water to organic solvents containing the fluorescence PET sensors cause the formation of
fluorescent ionic structure; the fluorescence enhancement of the PET sensors with the increase of water content is attributable
to suppression of PET due to the formation of fluorescent ionic structure.

Patent/Journal/Award

1) Application No. JP 2009-249485, 2) JP2011-063291/ Chem. Commun., 2011, 47, 4448-4450/ 1) Research Incentive Award
in Electric Technology Research Foundation of Chugoku, 2) Nissan Chemical Industries, Ltd. Award in Synthetic Organic
Chemistry, Japan, 3) Award for Yang Scientists in Industry-Academia Collaboration Program of Hiroshima University, 4) Young
Scholar Lectures of the Chemical Society of Japan, 5) Honor for University Scientists in Hiroshima Bank, Ltd., 6) Academic
Incentive Award in the UBE Foundation, 7) Incentive Award in Electro-Organic Chemistry, 8) Incentive Award in Chugoku-
Shikoku branch of the Society of Synthetic Organic Chemistry, Japan, 9) Best Lecture Award in Japan Society of Colour
Material, 10) DIC Award in Synthetic Organic Chemistry, Japan.

URL http://home.hiroshima-u.ac.jp/orgmtrls/Ohshita_Group/Ohshita_Group-Home.html )
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Mechanofluorochromism of
D-mr-A Fluorescent Dyes
m D-i-A Fluorescent Dyes, Solid-state Fluorescence, Mechanofluorochromism, Rewritable Photoimaging and Electroluminescence Devices, Color Materials
.GraduateSChoomengmeenng .........
YO usu ke OOYAMA Associate Professor
m yooyama@hiroshima-u.ac.jp m Basic Chemistry, Applied Chemistry, Materials Chemistry
\. J
-

1. Background

Mechanofluorochromism (MFC) found recently denotes a change GOA 1a:R'=CN, R = H
in fluorescent color induced by mechanical stress to organic O 1b:R" = CN, R? = n-butyl

. . . . . N 1= 2_
crystal, being accompanied by a reversion to the original j; g: 22_’::::;'

fluorescent color by heating or exposure to solvent vapor. Although =COOMe, R? = H
it has received an increasing interest both in the fundamental R:=5°§2“' E“”

research field of solid state photochemistry and in the applied field
of optoelectronic devices, the number of organic fluorescent dyes
exhibiting the MFC is still limited and the mechanism is a matter
which requires intensive debates. MFC for powder of 1b

Color
- Gnndmg
Heatlng
100°C
10 min

:R'=tBuy,R?=H

Heteropolycyclic D——A fluorescent dyes

MFC for film of 1b
(under UV irradiation )

Grinding

> ‘
h ¢ }
Heating

2. Research Summary

We have found that newly developed heteropolycyclic donor-
acceptor m-conjugated (D-1-A) fluorescent dyes with strong
electron-withdrawing substituents as acceptor show MFC i.e.,

) . . _ 100°C, 5 sec
grinding of as-recrystallized dyes induces a fluorescent color o
change with an enhanced fluorescence quantum yield and the ~ Fluerescent Color (under UV imadiation )
fluorescent color is recovered by heating or exposure to solvent Crystalline state Amorphous state
vapor. oY — Grinding p

Rl o
~ N D&

3. Result O SO e ating o
We have demonstrated that the MFC is attributed to a reversible B 7T-T interacon = Dipole moment

switching between crystalline and amorphous states with changes
of dipole-dipole interaction and intermolecular -1 interaction by
changes of the densities of the solids before and after grinding.

Proposed mechanisms of MFC observed with
heteropolycyclic D—1r—A fluorescent dyes

4. For Application

We believe that these mechanofluorochromic dyes can be a promising class of organic fluorescent dyes for rewritable
photoimaging and electroluminescence devices.

Competitive Advantages

We propose that the most important point for developing MFC dyes is to design D-1-A fluorescent dye molecules with large
dipole moments and thus strong D-11-A characters, which are controlled by tuning the electron-donating ability of D, electron-
accepting ability of A, steric size of a substituent, and D-1-A system.

Patent/Journal/Award

1) Eur. J. Org. Chem., 2009, 31, 5321-5326 (Cover Picture of Issue 31, 2009), 2) J. Mater. Chem., 2011, 21, 8372-8380 / 1)
Research Incentive Award in Electric Technology Research Foundation of Chugoku, 2) Nissan Chemical Industries, Ltd. Award
in Synthetic Organic Chemistry, Japan, 3) Award for Yang Scientists in Industry-Academia Collaboration Program of Hiroshima
University, 4) Young Scholar Lectures of the Chemical Society of Japan, 5) Honor for University Scientists in Hiroshima Bank,
Ltd., 6) Academic Incentive Award in the UBE Foundation, 7) Incentive Award in Electro-Organic Chemistry, 8) Incentive Award
in Chugoku-Shikoku branch of the Society of Synthetic Organic Chemistry, Japan, 9) Best Lecture Award in Japan Society of
Colour Material, 10) DIC Award in Synthetic Organic Chemistry, Japan.

URL http://home.hiroshima-u.ac.jp/orgmtrls/Ohshita_Group/Ohshita_Group-Home.html )
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Preparation of New Metal Oxide Cluster
and Application as Functional Materials
(ENETE) Catalysis, Negative Staining Reagent, Polyoxometalate

. Graduate School of Engineering
Masahlro SADAKANE Associate Professor
(T sadakane0@hiroshima-uacp  QEETD) Chemisty, norganic Chemisty, Catalysi, Material
( )

1. Background

Polyoxometalates are metal oxide clusters, and used as industrial
catalysts and negative staining reagent for virus observation.

2. Research Summary
| am preparing new polyoxometalates and applying my new

compounds as functional materials such as catalyst and negative

staining reagent.

3. Result

| prepared new polyoxometalates, which show good catalytic activities and good negative staining feature.

4. For Application
Catalyst, TEM staining reagent.

Competitive Advantages

I can modify molecular structure of metal oxide clusters.

Patent/Journal/Award

BCSJ Award

URL http://home.hiroshima-u.ac.jp/sada/ )
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Development of Zeolite Synthesis -
Interzeolite Conversion

CETELEE Inorganic Porous Materials, Zeolite, Catalyst

Graduate School of Engineering

Tsuneji SANO Brofessor

m tsano@hiroshima-u.ac.jp m Catalyst and Chemical Process, Inorganic Industrial Materials

1. Background

Zeolites are microporous aluminosilicate minerals comprising Al, Concept of interzeolite conversion process
Si, and O, and they have been applied to various purposes such as —“Lego” Zeolite Synthesis
water purification, as catalysts and laundry detergents, and in Reassembly of nanoparts

nuclear processing. Zeolites with unique properties such as solid
acidity, large internal surfaces, molecular sieving and ion-exchange
abilities are conventionally synthesized by the hydrothermal
treatment of amorphous aluminosilicate gel as the starting material
in the presence of organic and/or inorganic structure-directing
agents.

Decomposition

2. Research Summary
We have investigated the hydrothermal conversion of one zeolite

. . . , . FAU type CHA type
type into another (interzeolite conversion), assuming that locally zeolite zeolite

ordered aluminosilicates (nanoparts) generated from the starting

zeolite are precursor species for nucleation and crystal growth of another zeolite. Namely, the crystallization process
of zeolite by interzeolite conversion would involve reassembly and evolution of the nanoparts. It is believed that the
interzeolite conversion route is an alternative strategy for zeolite synthesis.

3. Result

We succeeded in synthesizing several types of zeolites, such as *BEA, RUT, CHA, LEV, MTN, and OFF type
zeolites using FAU and *BEA type zeolites as the starting material. The interzeolite conversion method was applied to
the preparation of CHA type zeolite membrane.The CHA type zeolite membrane prepared on the porous a-alumina
tube demonstrated a high separation factor, a(H,0/CH,COOH), of ca. 2500 with a permeate flux of ca. 8 kg m> h™.

4. For Application
CHA type zeolite membrane synthesized by the interzeolite conversion method exhibits the high potential for the
effective future application for use in the separation of water from acidic organic solvents, not limited to acetic acid.

Competitive Advantages

The use of FAU and *BEA type zeolites as a starting material for the preparation of other zeolites results in a crystallization
rate that is superior to that achieved in the conventional synthesis using amorphous aluminosilicate gel as the starting material.
This enhanced crystallization rate arises because the decomposition/dissolution of the starting zeolite generates nanoparts that
assemble and evolve into another type of zeolite.

Patent/Journal/Award

- Catalysts & Catalysis, 53, 392-397 (2011).

- Patent Application No. JP 2012-052163.
\_ J

URL http://home.hiroshima-u.ac.jp/catalche/ )
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Preparation Methods and Contamination
Phenomena of Surfaces by Gasborne Fine Materials

(ENTEE) Gas-phase Processing, Functional Material, Nanoparticle, Thin Film, Surface Contamination -

Graduate School of Engineering

Manabu SHIMADA Professor

'm smd@hiroshima-u.ac.jp m Process Engineering

r

1. Background

Industrial processes are desired to be capable of preparing o @ o molecules/
functional thin-films with micro-engineered morphology and . clusters/

- . L @ ® particles (dust)
composition on the solid walls. Contamination and damage of ° are (is)

solid walls by exposure to gasborne materials hinder preparation

processes.
accumulated/

attached to ...
2. Research Summary
Thin-film structures are prepared with materials deposited on
the wall surfaces by synthesizing and transporting nanosized
materials in the phase-transformation and reaction fields such

as high-temperature and plasma fields. In addition, the effects
of undesirable foreign materials attached to the surfaces are
investigated. form flat/ micro-structured/ contaminated
surfaces

3. Result

The conditions are being clarified under which films having dense and flat structures or nanosized gaps can be
prepared. Establish a novel preparation method for composite thin films in which different materials coexist. The
elucidation of the mechanisms related to micro-contamination by particulate and molecular materials is also in

progress as well as the development of the techniques for preventing the contamination.

4. For Application

The methods developed will be applied to the preparation processes for surfaces having mechanical, optical or
electrical functions or those with a high catalytic activity. The comprehension and control of the micro-contamination is

expected to lead to efficient and resource- and energy-saving preparation processes.

Competitive Advantages

The methods developed for thin films are gas-phase processes and are therefore advantageous to composition of the
films and selection of preparation conditions. Since many industrial processes are involved in the contamination by
gasborne nanomaterials, the knowledge and techniques obtained for the contamination will be widely applicable.

Patent/Journal/Award

URL http://www.chemeng.hiroshima-u.ac.jp/material/
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Preparation and Properties of Stereocomplexes of Lactic Acid
Copolymers Having High Heat-resistance and Impact Resistance
(ENTEE) High Heat-resistance, Impact Resistance, Lactic Acid Copolymer, Stereo Complex
Hiroyuki SHIR AH AM A atCe‘enlt;e:E;Zzllsat:rrative Research & Community Cooperation
" @T0 hioso@hiroshima-uacjp  GETED) Polymer Chemistry, Material Chemisty, Materal Engineering |

1. Background
Poly (lactide), i.e., poly (lactic acid) (PLA) can be expected as an environment- Scheme 1. One-pot Synthesis of SC-Copoly(LA--CL)
friendly substitute material for conventional oil-based plastics. However, the

(o] o o
00 00
melting point (T;,) of PLA is rather low compared with polyamides, and so ":[OIO+ m (O Denavialchol )Q%OL‘O’/A@H{ff
LLA cL Sn(Oct),, toluene P(LLA-r-CL)
100°C,24 h

PLA is not very heat-resistant. For increasing this T, of PLA, the stereocomlex
of poly [L-lactic acid (LA)] (PLLA) with poly (D-LA) (PDLA) has been prepared. 0u0n oo
The heat-resistance of the stereocomplex of PLA homopolymers (SC-PLA) 100°C,24h "\\Iolo* "'(6?
has increased, but its brittleness could not be improved. Therefore, we have o

[e] o (e} o (o] (o]
been aiming at preparing stereocomplexes of LA copolymers (SC-Copoly
/PS'OJKEO’/ JK(CHZ)EO%&OJEO’/ Jk(CHT)sojx/

(LA)) having both high heat-resistance and impact resistance.

P(LLA-r-CL)-b-P(DLA-r-CL) (éC-Copoly (LA))

2 " Resea rc h S umma ry Table 1. Thermal Properties of SC-Copoly(LA-r-CL)

Conventionally, SC-PLA and SC-Copoly (LA) were prepared by dissolving et — — o
olymer molarratio) * 9 m - m

and mixing of those polymers in solvent”. Here, we have tried to obtain SC- P oveed ¢ ¢ Jig

Copoly (LA) by one-pot synthesis (Scheme 1). The e-caprolactone (CL) sC-Copoly®  90/10 91/9 378  201.8  39.9

monomer was used as elastomer. We have measured thermal and SeEpTY)  WED wWEl @5 W &

mechanical properties such as T, and tensile strength. Further, the
enzymatic degradation of these SC-Copoly (LA) was investigated.

SC-Copoly®  50/50 54/46 ° 162.8 14.0
P(LLArCL)@®  60/40 79/21 23.4 150.8 32.2
P(DLA--CL)®  T70/30 78/22 29.9 156.8 32.7

Blend (@+6) : _ 26.9 202.7 25.6

3. Result 147.7 5.5

" PLLA 100/0  100/0 40.3 178.2 57.2
Thermal properties of obtained stereocomplexes of LA/CL copolymers [SC- ) e byDSC in the E by DSC n he 1

heating.

Coply (LA-r-CL)] are shown in Table 1. The T, of SC-Coply (LA-r-CL) @ is

about 40°C higher than that of LA/CL copolymer @ having almost the same LA/CL molar ratio. This result may show that we can
obtain the SC-Coply (LA-r-CL) by one-pot synthesis. The X-ray diffraction (XRD) method also demonstrates the stereocomplex
formation of SC-Coply (LA-r-CL). Furthermore, the mechanical properties shows that the values of elongation at break of SC-
Coply @ and ® are about ten times and hundred times greater respectively than that of PLLA, indicating that the elasticity, in
other words, the impact resistance of SC-Coply (LA-r-CL) is much more improved compared with PLLA.

4. For Application
Industry/application: interior parts of automobile, housing of household appliances; challenge : shortening of reaction time, high-
price of LA monomer; requests for industry : price down of LA, especially that of D-LA monomer.

Competitive Advantages

(DSuperiority in heat-resistance and impact resistance compared with PLLA, @One-pot synthesis of stereocomplex of LA/CL
copolymer

Patent/Journal/Award

patent: to be prepared / Journal: H. Shirahama, A. Ichimaru, C. Tsutsumi, Y. Nakayama, H. Yasuda, J. Polym. Sci. Part A: Polym.
Chem. 2005, 43, 438-454 /| Award: NEDO Award of “1st Monozukuri Renkei Taisho (1st Manufacturing and Cooperation Award)”

sponsored by The NIKKAN KOGYO SHIMBUN.
L J

URL http://www.hiroshima-u.ac.jp/techrd/ )
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Preparation of Submicron Size Spherical Porous
Carbons and their Applications for Electrode Materials

m Carbon Materials, Spherical Porous Carbon, Lithium lon Battery Anode, Electric Double Layer Capacitor Electrode

Graduate School of Engineering
Associate Professor

'm tamai@hiroshima-u.ac.jp m Functional Materials

1. Background

Carbon materials have attracted much attention as electrode
materials for electric storage devices such as electric double layer
capacitor (EDLC) and lithium ion battery (LIB)

The improvements of electric storage characteristics such as
energy density, power density, and cycle performance are still now
required.

2. Research Summary
Submicron-size spherical particles of phenol-resin, which were

prepared by the use of surfactants, were used as a source of

carbon particles. The spherical phenol-resin particles were

carbonized and then followed by steam activation. As a result, fine
spherical porous carbons(SAC) were obtained. The electrode
performances of the carbon particles obtained for electrodes of

EDLC and LIB were investigated.
0 10 20 30 40 50 60 70

Volumetric capacitance [F/cm3]

3. Result Current density [mA/cm?]

The EDLC volumetric capacitance of SAC(30 F/g) is much higher ] .

N ) EDLC volumetric capacitance
than that of traditional activated carbon powders (AC). For LIB,
SAC exhibits satisfactorily stable cycle performance and has reversible capacity more than 700 mAh/g even after ten

cycles.

4. For Application

Lithium ion secondary battery makers, Makers of electric double layer capacitor, Car industries

Competitive Advantages

Compared with commercially powdered carbons, the obtained spherical carbon particles exhibit extremely high
capacity for LIB, high volumetric capacitance for EDLC, and good cycle performances.

Patent/Journal/Award

URL )

53



Hiroshima University Research and Technology Guide 2012

Material/Device

Polymer Crystallization and
Melting Kinetics

CETTELE) Polymer, Crystallization, Melting, Kinetics

Graduate School of Integrated Arts & Sciences

Akihiko TODA Professor

ETED atoda@hiroshima-u.ac.jp @GEED Polymer Physics
_ y,
( )

1. Background

Important role of structure control and thermal stability of crystalline

polymeric materials
Crystalline-amorphous
stacked layers in
crystalline polymers

2. Research Summary
Studies starting from growth kinetics and morphology of polymer single

crystals, the evolution mechanism of polymer spherulites, i.e. basic
structure of all crystalline polymers. Melting kinetics of those structures

analyzed in quantitative ways.

3. Result :
Successful explanation of the evolution mechanism of polymer spherulites %
based on experimental observations. Unique approach to the melting rl\

kinetics studied by steady heating and temperature-modulation.
Melting of Polymer Spherulites

4. For Application

For polymer industry, the structure control and thermal analysis of crystalline polymeric materials

Competitive Advantages
Various preparation and observation methods including multi-step temperature jump, growth under temperature

gradient, etching. Unique thermal analysis.

Patent/Journal/Award

45 http://home.hiroshima-u.ac.jp/atoda/index_e.html )
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Self-healing Coatings for Corrosion
Inhibition

(ENTEE) self-healing, Coatings, Corrosion, Corrosion Inhibition, Steel, Light Metal

. Graduate School of Engineering
Akihiro YABUKI

Associate Professor

'm ayabuki@hiroshima-u.ac.jp m Material Chemistry, Material Engineering, Process Engineering

1. Background
Coatings have been widely applied as a surface treatment to prevent the Se|f_hea|ing coating
corrosion of metallic materials. One of the most important characteristics
required for the coatings is the ability to self-heal, so that the mechanically
damaged surface is automatically repaired by a chemical component of the

coating.

2. Research Summary Defect -

The corrosion inhibition properties of the coatings using various additives for

metallic materials were investigated. Several types of coatings were prepared,
and after using a knife to create a defect in the coating, the self-healing
property of the coatings was evaluated based on electrochemical impedance

measurements in corrosive solution.

Healing ’,

3. Result
Self-healing corrosion protective coatings using polymer and metal powders,
a fluoro-organic compound, casein as a pH-sensitive organic agent, and TiO,

particle-polymer composite have been developed.

4. For Application

The key to the development of self-healing coatings is the ability to control both the storage and release of the added

corrosion inhibitors.

Competitive Advantages

Environmental concerns have necessitated the reduction and discontinuation of chromate conversion coatings which

have the repairing effect. The developed coatings are alternative technologies.

Patent/Journal/Award

Science and Technology Encouraging Award, Development of Self-healing Corrosion Protective Coatings, The Suga
Weathering Technology Foundation Progress Award, Study of Erosion and Erosion-Corrosion, Japan Society of

Corrosion Engineering
\ J

URL http://selfhealing.hiroshima-u.ac.jp/ )
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Material Modeling, Numerical Simulation and
Optimum Process Design for Metal Forming

m Elasto-plasticity, Material Modeling, Metal Forming, Optimization Problems in Metal Forming

. Graduate School of Engineering  @UL1i[2) Professor
Fusahlto YOSHIDA ‘m fyoshida@hiroshima-u.ac.jp

Graduate School of Engineering  (11:[}) Associate Professor

RyUta ro H I N 0 m rhino@hiroshima-u.ac.jp

A . Graduate School of Engineering Assistant Professor
Hiroshi HAMASAKI @ETETD hamahiro@hiroshima-u.ac.jp

m Mechanical Engineering, Material Engineering

\.

1. Background

For development of new forming technologies for materials with high E
performance but with difficulty in forming, such as high strength steel sheets, 3 :
magnesium alloys etc., (1) material testing to determine the mechanical g ;: ’/EW
properties, (2) modeling of material behavior of elasto-plasticity for numerical g 0
simulations, and (3) optimum process design are required. '; :: LLU { /
£ 600
o 005 0.05 ol [
2. Research Summary True strain €
Mechanical behaviors of sheet metal, such as cyclic plasticity, yield locus and Expression of cyclic plasticity by Y-Umodel
forming limit curve, are investigated by original testing equipments. Material 'U\ [
models, which can describe these mechanical behaviors correctly, are l/
developed and material parameters for the models are identified. The (a) Experiment (b) Y-U model  (c) Conventional
developed material models are used for FE simulation of metal forming Springback prediction in draw bending ofhi;i‘:reelngth
process. Furthermore, optimization of metal forming process based on FE steel sheet by Y-U model and conventional model
simulation and numerical optimization technique, and development of Jyﬁ;Before
incremental sheet forming method with local heating are also carried out. ‘ = optimization
’ l ‘ ﬁ:)tt?r;ization
3. Result

Compensation of torsional springback for S-rail product of

Yoshida-Uemori kinematic hardening model (Y-U model), which can precisely high strength steel sheet by optimization of draw bead

describe cyclic plasticity of metals, was proposed. FE simulation using Y-U

model is capable of predicting springback of high strength steel sheets in stamping process, which was difficult to predict with
conventional material model. In addition, springback and wrinkle of high strength steel sheet products are successfully
suppressed by optimizing stamping process based on FE simulation. It is also possible to design the optimum forming process
in consideration of variation in material properties or forming conditions.

4. For Application

Material testing, material parameters identification, prediction of defects such as springback, wrinkle and fracture in sheet
stamping, and optimization of metal forming process for metal forming industries, especially sheet stamping industries.

Competitive Advantages

Y-U model is included in several FE commercial codes, such as PAM-STAMP, LS-DYNA, etc. A software for material parameter
identification of Y-U model, MatPara, is developed and commercially available.

Patent/Journal/Award
F. Yoshida & T. Uemori: International Journal of Plasticity, 18 (2002), 661-686.

\. y,
. . . A

URL http://home.hiroshima-u.ac.jp/eplabo/
http://www.cem-inst.com/ J
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Shear Force Sensor of Sheet Type
Suitable for Friction Force Measurement

(BT Frictional Force, Shearing Force, Sensor, Measurement, Bedsore, Walk Analysis

Graduate School of Engineering

Yukio FUJIMOTO S

m fujimoto@naoe.hiroshima-u.ac.jp m Sensor Engineering, Reliability Engineering, Fracture Mechanics

1. Background

The various kind of sensors were developed for pressure measure-
ments, but there are very few which can measure the shear force
(frictional force). If there is a sheet type shear force sensor, it is
thought such a sensor may be useful in the welfare and the support

technology of care, and for the human and animal movement .
1 axis shear force sensor of 50mm square

analysis.

2. Research Summary
The sensor developed here is a sheet type sensor with about 3mm

thick that can measure shear force working in the boundary surface, .
for example, at the interface between a body and a bed. The feature 2 axes shear force sensor of 50mm square
of the sensor is that the surface is flat so that there is little sense of

incongruity when it touches the body. In addition, it is intended to

measure not only the one-axis shear force but also the two-axis shear @

force. Also, it is necessary to be able to measure both static friction

and succeeding dynamic slide friction.

shear force
3. Result sensor /
: ) [9] ] / { ]
The right figure shows photographs of the sheet type shear force / shoar force / shear force
sensor of 1 axis (transparent) and 2 axes, and an application image . sensor sensor
medical bed mattress

in a medical bed. One-axis sensor is about 2mm thick and two-axis
sensor is about 4mm thick. The shearing force acting on the sensor is converted into tension and compression force of
the piezoelectric film, and causes an electric charge.

4. For Application

Fields of nursing care, robotics, clothing and bedding maker, ergonomics and the zoological study.

Competitive Advantages

The shearing force sensor similar to this study is not seen in a conventional technique. If sensor performance is
recognized, it is thought to become a dominant technique.

Patent/Journal/Award

“Sheet type shear force sensor by the use of piezoelectric film”, Transactions of the Japan Society of Mechanical
Engineers, under contribution.

. J

(] {1 http://www1.megaegg.ne.jp/~keisokusp/ )
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Efficient Parametric Excitation Walking

CETHEED Bipedal Robot, Parametric Excitation Walking

Graduate School of Engineering
Assistant Professor

m harata@hiroshima-u.ac.jp m Mechanical, Electric/Electronic

1. Background

Bipedal walking is one of the essential technologies for

humanoid robots. To realize efficient gait, the principle of a
children’s swing, parametric excitation principle, was applied to
a biped robot with a telescopic leg and a sustainable gait was

realized.

2. Research Summary
The method based on parametric excitation principle is

applied to a kneed biped robot. Only knee torque is used
without the hip torque and a sustainable gait is realized. To
improve efficiency of parametric excitation walking, inverse

bending knee gait is proposed.

Nsen)

3. Result
It is shown that proper knee motion generates a sustainable
gait without hip and ankle actuation. It is also shown that inverse bending knee walking is more efficient than forward

Forward bending Inverse bending

bending knee walking.

4. For Application

These results will contribute gait generation for humanoid robots and gait assistance for aged and injured people.

Competitive Advantages

In general, biped robots bend a swing leg to avoid scuffing the ground. In this research, the motion of the swing leg

is utilized to improve gait efficiency.

Patent/Journal/Award

Yuji Harata, Fumihiko Asano, Zhi-Wei Luo, Kouichi Taji, Yoji Uno, “Biped gait generation based on parametric
excitation by knee-joint’s actuation,” ROBOTICA, Vol. 27, issue 07, pp. 1063-1073, 2009.
Yuji Harata, Fumihiko Asano, Kouichi Taji, Yoji Uno, “Ornithoid Gait Generation Based on Parametric Excitation,”

Robotics Society of Japan, Vol. 27, No. 5, pp. 575-582, 2009 (in Japanese).

URL http://home.hiroshima-u.ac.jp/dynamics/english/e_index.html )
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Engineering

Vibration Control of Elastic Structures
Utilizing Sloshing in Liquid Tanks

CETHELE Mechanical Vibration, Liquid Sloshing, Passive Damper

Graduate School of Engineering

Takashi IKEDA o

D tikeda@hiroshima-u.ac.jp @D Mechanical Engineering, Mechanical Vibration and Control

1. Background

Tuned liquid dampers (TLDs) have been utilizing as control
devices for mechanical and structural systems. Structure’s
vibrations are suppressed by sloshing in liquid tanks. However,
the performance of TLDs has not been sufficiently investigated.

2. Research Summary v £+
When liquid tanks move, the liquid free surfaces are stirred, pud P

and fluid forces act on the tank side walls. The nonlinear fluid ‘a_’ ‘_E'
force may be generated when the liquid elevation is high. In

order to assess the performance of TLDs, the fluid force 'Epuac.m.m ﬁ;emem
should be theoretically determined considering the nonlinearity Shin-Yokohama Prince Hotel Mechanism of Control
of sloshing. The goal of this research is to give the design

manual for manufacturing the optimal TLDs using rectangular, a0 (@) Smeture "‘ :.'-;_- ?Jﬁgﬂ
square and cylindrical tanks. LI -

3. Result o ity o
The theoretical method to assess the performance of TLDs T

was achieved and facilitates the design of optimal TLDs. It is

\ 2 020]
found from the theoretical and experimental results that TLDs ' : })\

are effective to both horizontal and vertical excitation.

) 10 11 12
Excitation frequency @/p,

Experimental Apparatus Theoretical Results

4. For Application

- Vibration control of vibrations in High-rise flexible structures (high-rise buildings, towers, long span bridges)
- Theoretical analysis of sloshing dynamics in car fuel tanks

- Vibration analysis of sloshing in large liquid storage tanks

- Vibration analysis in sloshing in liquid transportation vehicles

Competitive Advantages

Although tuned mass dampers (TMDs) have been conventionally used as vibration control devices, TLDs have
competitive advantages such as low cost, simple structure, maintenance free and convenient installation to the
structure.

Patent/Journal/Award

The 2006 JSME Medal for Outstanding Paper, “Autoparametric Responses of an Elastic Structure Carrying a
Cylindrical Tank (2nd Report, Influence of the Detuning Parameter)”, awarded by the Japan Society of Mechanical
Engineers, April 2007.

U]sdE  http://home.hiroshima-u.ac.jp/dynamics/english/e_index.html )
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Guide (Dog) Robots

CETELE Autonomous Robot, Human Interface, Welfare System, Laser Range Finder (LRF), Guide Dog

Center for Collaborative Research & Community Cooperation

Shozo SAEGUSA Brofessor

1D shosaegu@hiroshima-u.acjp @IELED Mechatronics, Service Robots

1. Background

The repletion rate of guide dogs for visually handicapped persons is follower
roughly 10% nationwide. The reasons for this low rate are the long training Shins
period and the expense for obtaining a guide dog in Japan. Motivated by
these two reasons, we are developing guide-dog robots. direcsion
' Moving robot  ____,
2. Research Summary Fig. 1 Guide-dog mobile robot and follower

The major objective is to develop an intelligent human-robot interface. This

paper describes two novel interface algorithms and a strategy to guide

Mon-processed O
Clusterized <

ManTrajectory —*—

MarkTrajectory —5—

OtherObjects X
=] |

visually handicapped person. We developed a new leading edge searching -.—

method, which uses a single laser range finder (LRF) developed to find the

center of the corridor in an indoor environment. We also developed a new —3 : -
3 2mm| E u |
twin cluster trace method that can recognize the led-person’s walking 5 A ‘oloverseet

conditions measured by the LRF. The algorithm allows the guide-dog robot
to accurately estimate and anticipate the led-person’s next move. We

2000 -1500 A1000i -500 DB 1000 1500

experimentally verified these algorithms.

o'f-'?o%l Observer LRF on Table
3. Result Fig. 2 Trace of the robot and follower
We devised two new algorithms, namely LES method for circumstance
detection and TCT method for follower detection, and implemented them in a prototype guide-dog robot. They were
experimentally verified to be effective in guiding viewing impaired persons in an indoor circumstance.

4. For Application
Our technology can be used in a guide-system inside a hotel, air terminal and so on.
Also it can be useful on terminal to terminal transportation of cell production systems.

Competitive Advantages

The novelty of this human-machine interface is that the robot can adjust to the user’s walking speed.

Patent/Journal/Award

Japanese Patent Application No. 2009-207580 (2009-9/8 in Japanese)/URL
Microsystem Technologies Vol.17 No.5-7, 2010, pp 1169-1174, DOI: 10.1007/s00542-010-1219-1/Best track award
of ISPS2010 of ASME

URL )
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Mechanical

Hydrodynamic Force Characteristics on Engineering
Maneuvering of Full Ship in Shallow Water

CETED Full Ship, Maneuverability, Course Stability, Shallow Water Effect

Graduate School of Engineering
Assistant Professor

1. Background

A large ship faces difficulties to access a port and canal due to the water’s
depth restriction where the ship maneuverability becomes much different
from open sea. In view of safety, the shallow water effect on ship
hydrodynamics should be understood. But there is not so much open-data
so far.

2. Research Summary
Floor panels were set on platforms standing on the bottom of Hiroshima

University towing tank and a series of maneuvering tests were conducted
in shallow water, i.e. h/d=1.2 and 1.5 (h: water depth, d:ship draft). The
1/110 scaled-down KVLCC2 model, which is a modern standard 300K
tanker ship with V-shaped frame-lines, was used as a studied ship.

3. Result

The influences of the shallow water effect on the interactions between Figure: Experimenin shallo water

main hull, rudder and propeller were investigated. They are essential for (Hiroshima University towing tank)
the maneuverability in shallow water. The course stability of KVLCC2 was

also discussed based on the linear hydrodynamic derivatives, which seemed to improve constantly as the water depth

becomes shallow, which is a different tendency from a conventional type of tanker ship (ESSO OSAKA).

4. For Application

A large full ship is normally difficult to operate so the helmsman would feel stressful especially when navigating in
restricted water, e.g. port or canal. So in the stage of ship design, it is recommended that the maneuverability and
course stability both in deep and shallow water should be predicted well according to these tank experiments.

Competitive Advantages

Since there are a few institutes where experiments can be conducted in shallow water, a lot of interests are still in ship
hydrodynamics. The measured data in this study would be useful to understand the maneuverability and course
stability for a modern VLCC and contribute to a safe navigation.

Patent/Journal/Award

URL )
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Load-sensitive Continuously Variable Engineering
Transmission Using an Oblique Feed Screw

(ETIED) Continuously Variable Transmission, Feed Screw, Machinery

Graduate School of Engineering
Associate Professor

m takaki@robotics.hiroshima-u.ac.jp m Mechanical, Electric/Electronic

1. Background

If the reduction ratio of a driving mechanism is constant,
it is difficult to improve performances of speed and force
simultaneously. A continuously variable transmission is a

solution to this problem.

2. Research Summary
We propose an oblique feed screw that can be used as a load-

sensitive continuously variable transmission (CVT). This CVT
consists of a feed screw, spring, and bearing, and it is
remarkably simple and compact. Its reduction ratio changes

automatically in response to the load.

3. Result
We developed remarkably simple CVT and weighs only 13.8 g.

We have experimentally verified that it can exert a large force of
more than 100 N, and that its reduction ratio can be increased from 20 to 45.

4. For Application

Suitable applications are driving mechanisms for a robot joint and a liner motion mechanism

Competitive Advantages

Compact, lightweight and simple

Patent/Journal/Award

Takeshi Takaki, Toru Yamasaki and Idaku Ishii: Load-sensitive continuously variable transmission using an oblique
feed screw for parallel-jaw grippers, in Proc. 2011 Int. Symposium on Micro-Nano Mechatronics and Human
Science, 2011.

U] 78 http://www.robotics.hiroshima-u.ac.jp/ )
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( Meqhanic_:al
Fault-tolerant Controller Synthesis for Engineering
a Mechanical System
m Fault-tolerant, Feed Back Control, On-line Optimization, Mobile Robot
Graduate School of Engineering
NObUtaka WADA Associate Professor
m nwada@hiroshima-u.ac.jp m Control Engineering, Mechatronics
\
-

1. Background
Recent mechanical systems are strongly required to be energy efficient in u
addition to high performance. To satisfy such requirements, the mechanical . 4 | control
systems tend to be much more complex. In such systems, when one of Aumm
components fails, the control performance of the entire system may be seriously

deteriorated. Therefore, in particular, the mechanical system that has interactions Controller
with human must be designed to be robust against failures of the system.

59 39 = 2
minimize H qfquz
u

2. Research Summary subjectto  w <wu <wu ., i=12--m

In order to synthesize a control system that is robust against actuator failures, A failure occurs in the
the controlled object is usually designed to have redundant actuators. In such a " i rontistactigiSysto
system, even when one of the input channels fails, the system could continue to ! 4 ﬁ.‘i?ﬁ.?ﬂ““a'
operate by utilizing the remaining input channels. To fully utilize the actuator 3
redundancy, the control allocator that distributes the control signal calculated by
the controller to each input channels appropriately must be inserted between the
controlled object and the controller. The on-line based control allocator is known
as one of the effective and practical devices for distributing the control signal.
The advantage of this approach is that the design problem of the feedback
controller and the control allocator can be separated, and hence the design
problem of the control system becomes quite simple. In addition, since the control allocation is reduced to the convex quadratic
programming, the on-line computational burden is relatively small. However, in the previous studies, it had been unclear whether
the closed-loop stability can be assured when the actuator failure occurs. Thus, in this study, we have proposed a method to
evaluate stability of the entire system with control allocator under actuator failure. Also, we have shown a design method of a
controller that maintains control performance as much as possible.

[
AT |
1

3. Result

An analysis method to evaluate stability of the control system under actuator failure has been proposed. Based on this result, a
design method of a control system that minimizes deterioration of the control performance under actuator failure has been
proposed. The effectiveness of the proposed control method has been demonstrated by a numerical example of a yaw-rate
control problem of a steer-by-wire vehicle.

4. For Application

Recently, the so-called by-wire systems have been introduced into automobiles in order to utilize active safety technologies. It
can be expected that the proposed control method can be applied to such vehicles to enhance robustness of the control system
against actuator failure. Similar control problems can also be seen in the areas of aircrafts and ships.

Competitive Advantages

The proposed control algorithm is reduced to a convex quadratic programming problem. Hence, its computational burden is
relatively small. In addition, the control system can be realized as the output feedback. Moreover, the stability of the entire
system is guaranteed.

Patent/Journal/Award

[1]1 N. Wada et al.: Model Predictive Tracking Control for a Linear System under Time-varying Input Constraints; International
Journal of Robust and Nonlinear Control, to appear

[2] N. Wada et al.: Vehicle control with anti-failure performance based on time optimization, Proc. SICE Conference on Control
Systems, 2012 (in Japanese)

(] {1 http://home.hiroshima-u.ac.jp/~control/ )
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Reinforcement Learning Approach for Cooperative Behavior SRl
Acquisition in Homogeneous Multi-robot Systems |

CETED Multi-robot System, Cooperation, Computational Intelligence, Reinforcement Learning _

TOShiyUki YASUDA Graduate School of Engineering

Assistant Professor

m yasu@hiroshima-u.ac.jp m Informatics, Mechanical Engineering, Electrical and Electronic Engineering

1. Background

Multi-robot systems (MRS) can be defined as a group of autonomous,
interacting entities sharing a common environment, which they perceive
with sensors and upon which they act with actuators. MRS have
recently attracted considerable attention from roboticists as these offer
the possibility of performing a task that a single robot cannot.

2. Research Summary

Reinforcement learning (RL) is one of the popular methods to
autonomous robotics research and is available for solving the single-
robot tasks regardless of whether or not the robot knows the dynamics
of the environment and the task. Together with the simplicity and
generality of the implementation, this makes RL attractive also for MRS.
However, several new challenges arise for RL in MRS. This is chiefly

because traditional RL approaches are based on MDP/discretized state
and action spaces. To overcome this problem, an RL technique was developed that has a mechanism for autonomous
segmentation of continuous state and action spaces.

3. Result

Throughout several multi-robot cooperation task, globally stable behavior was observed. It is found that the proposed
RL can develop cooperative behavior in MRS from scratch and can adaptively coordinate rule parameters after an
environmental change.

4. For Application
The performance of the proposed method is evaluated in homogeneous multi-robot systems. These results will
contribute to human-robot cooperation.

Competitive Advantages

The focal point is giving an ability to acquire cooperative behavior through experience to each robot by autonomous
role development and assignment. This provides a multi-robot system with the potential for system-level robustness.

Patent/Journal/Award

T. Yasuda, K. Araki, and K. Ohkura, “Improving the Robustness of Instance-Based Reinforcement Learning Robots by
Metalearning”, Journal of Advanced Computational Intelligence and Intelligent Informatics, Vol.15, No.8, pp.1065-
1072 (2011)

(] {1 http://www.ohk.hiroshima-u.ac.jp/~yasuda/index_e.html )
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Modeling of Large-amplitude Seiches

(ETED) seiche, Harbor Resonance, Two-way Nested Model

Graduate School of Engineering
Assistant Professor

ETED arai@ocean.hiroshima-u.ac.jp @D Physical Oceanography

r

1. Background

In some bays or harbors along the east coast of Kyushu or the coast of the San-in district in Japan, large-amplitude
sea-level oscillations are sometimes observed in the subtidal frequency range. These are called seiches, and cause
inundation of houses and stranding of small boats. Studies of numerical prediction of such seiches are needed but are

not performed in Japan.

2. Research Summary
As a first step of developing a forecast model of seiches, a hindcast model of past seiches has been developed. As a

recent example of seiches, the seiches in Nagasaki Bay and Youkaku Bay along the west coast of Kyushu from 24 to
25 February 2009 were targeted for modeling.

3. Result

The shallow-water equations are employed as model equations, which are solved numerically using finite-difference
method. In order to resolve harbors enclosed by breakwaters, several model domains with different resolution are
nested bidirectionally. A hindcast experiment of the seiches from 24 to 25 February 2009 was performed. The
performance of the model was examined by comparing the modeled sea level with the observations.

4. For Application

Competitive Advantages

By using the fourfold nested model with the resolutions of 1 km, 250 m, 50 m and 10 m, the present mode can cover
wide range of oceans from the East China Sea, where atmospheric pressure disturbances are generated and
propagate, to the west coast of Kyushu, where seiches cause damage. In the inner-most model with the resolution of
10 m, eigenoscillations of harbors enclosed by breakwaters can be reproduced. Therefore realistic sea-level oscillations

associated with large-amplitude seiches can be realized in the present model.

Patent/Journal/Award

URL )
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! Civil En_gineeringl
Research and Development of the Rapid Deployment Architecture

Bridge mobile bridge® for Disaster Restoration

m Disaster Restoration, Restoration and Revival, Disaster Prevention Engineering, Deployment Structure, Temporary Bridge

Graduate School of Engineering
Assistant Professor

'm mario@hiroshima-u.ac.jp m Applied Mechanics/Structural Analysis (Sciences of Natural Disaster)

\_
( B

1. Background

Natural disasters occur frequently in Japan and abroad,

and we often experience earthquakes, tsunami, and heavy rain
(typhoon). To protect human lives, technical development of a
new disaster prevention restoration system is indispensable.
The basic technology of quick construction of a bridge has
not been developed yet.

2. Research Summary
It is to advance component engineering of a “mobile
bridge” based on a new structure concept as infrastructure

to be used in a disaster. Research and development are
under way of the movable temporary bridge “mobile bridge”
which can be constructed and deployed quickly as one of the urgent measures to reduce “isolation of a village” in
repeated disasters. It is a necessary restoration system which puts priority on short construction time for a country
affected by natural disasters.

3. Result

The whole of the bridge can be folded up compactly and moved by air, marine, and land transportation. It can be
applied flexibly even in the constrained area, under restricted construction conditions, such as mountain slope, with
limited temporary assembly sites to secure. A trial production is in progress in a collaborative research project with
several companies.

4. For Application
A larger prototype bridge is needed. Proposed technology can meet requirements for urgent response under risk
management not to delay restoration work and goods transportation.

Competitive Advantages

It is the first form as a structure of bridges, and it is a logical and innovative structure. Can be offered for use upon
deployment with short construction time.

Patent/Journal/Award

“Structure and expanding and folding equipment for its main frame” Patent Application No. JP 2006-037668, Japanese
Patent Unexamined Publication No. 2007-107369. This is related research subject of “Scientific Research (B)” of
Grants-in-Aid for Scientific Research in JSPS.

URL http://home.hiroshima-u.ac.jp/bridge2/ )
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Shock Absorber System by Multi-folding B GRS
Microstructures under Reused Condition

CETTED Impact Absorber, Folding, Impact Energy, Resistant Impact Force

Graduate School of Engineering
Assistant Professor

'm mario@hiroshima-u.ac.jp m Applied Mechanics/ Structural Analysis (Fundamental Engineering)

\_
( B

1. Background

While in conventional shock absorbers the power and displacement
mostly have linear relation, this HPV system, having the inflatable
structure system which reduces shock speed, and pantograph truss
which supports the main stiffness reaction by folding, can be used
repeatedly, by making absorption of impact strength energy elastic.

2. Research Summary

The system | propose is the optimal performance impact-absorbing
system (HPV) made of two pair systems; the variable rigidity type multi-
folding micromicro structure (MFM) system which consists of the
multilayer pantograph trusses with shock-proof nonlinear stability, and
the damping system where the inflatable structure with membrane
structure full of gas inside, and the gas discharged by a variable valve.

3. Result

- It can be used repeatedly any number of times within the limits of

designed impact-load.
- Impact force can be mitigated/adjusted smoothly.
- According to the number of stages, it can vary impact strength.

4. For Application

- Improvement of safety of car body structure.

- Protector for crash of vessel against the supporting column of sea

Shock-absorber system subjects to
impact loading.

wind power generation facility.
- Impact-absorber of a helicopter, etc., at a collision, and device to
reduce big impulse force.

Competitive Advantages

- Maintain active and improve safety in a impact zone
- Can be used repeatedly since it is not accompanied by plastic failure.
- Can be stored compactly and applied when a shock is expected.

Patent/Journal/Award

Patent Application No. JP 2008-021884. This is a research result derived from “Scientific Research (C)” of Grants-in-
Aid for Scientific Research in JSPS from 2005 to 2007.

URL )
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Detection of Construction Photo Architecture
Forgery

(ENTED Construction Management, Image Processing

Graduate School of Engineering
Assistant Professor

T fujim@hiroshima-u.ac.jp @A) Construction Management

1. Background

Digital image manipulation in construction photography prevails among construction industries in Japan. Some

manipulation are found to be forgery while some are done as-needed basis.

System Assumption  System Input ~ Internal processes of proposed method System output
hotos should be classiﬁec\l\' " Photos of\”/ Calculate eq.(62) from the same Display evaluation \
! by process in advance Same category Photos (sample num=N) result for every ROI |
; < Category on all photos in ‘
8 Partition a target photo same category.
2 into ROI grid
g
[am ROIX
-» B C D T Scan and il
=y cvaluate ___ [T i
H: every ROI > L ,'
rorr = by eq.(6) Possible image
AL A manipulation
% ing irpl ion by digitally si d BC Softwarc or Web apps.

Fig.1 System overview

2. Research Summary
Detection method for image manipulation in construction photography are developed, in consideration of construction

specific needs in management processes.

3. Result

The developed method (ROI Expected-noise Method) detects the image manipulation (filling the region) over 80%

accuracy of detection and under 0.5% of false positive detection.

4. For Application

This method is suitable as a function of construction photo management software.

Competitive Advantages

More difficult to hide the image manipulation forgery compared with EXIF method (widely used method in Japanese
construction industries)
The method is less work-burden for construction managers than Digital Signature method.

Patent/Journal/Award

S. Fujimoto: Journal of Structural and Construction Engineering. Transactions of AlJ, Vol.77, No.674, 2012.04

URL )
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! Civil En_gineeringl
Continuous Measurements of River Architecture

Discharge by Acoustic Tomography

m Stream Flow, Flood Event, Water Resource, Estuarine Flow

K|yosh| KAWANISHI Graduate School of Engineering

(Kiyosi KAWANISI) Associate Professor
'm kiyosi@hiroshima-u.ac.jp m Civil and Environmental Engineering
\_
f B

1. Background

The acquisition of continuous measurements of river discharge
is a high-priority issue for water resource management, and the
real-time knowledge of river discharge is an environmental,
social, and economic asset. Therefore, establishing a method
and/or technology for quantifying discharge is of paramount
importance.

Transducer

Transducer

2. Research Summary
The accurate estimation of river discharge is a difficult and labor- v=u/cos@ u:velocity component along ray path
intensive procedure; thus, a robust and efficient method of v: velacity component in the direction of flow
- X i - ¢ : sound speed in still water

measurement is required. To improve discharge measurements,

. . . Cross-sectional average velocity is deduced from multi ray paths
Fluvial Acoustic Tomography System (FATS) is proposed as an that cover the cross section.
innovative method to continuously measure the cross-sectional

¢ — 1500 (m/s)

average velocities and flow rate of rivers and estuaries. _25 0 30
o

3. Result

The fluvial acoustic tomography system, characterized by the
GPS precise clock system and the multipath was developed.
Measurements of the cross-sectional average velocity and river o 0 100 150 200
discharge were carried out successfully in spite of the periodic Distance from the left bank (m)
intrusion of a salt wedge into the river. It is concluded that FATS

is a prospective method for the continuous monitoring of river discharge.

AN/ AR AV AR R &, V.

Altitude (m)

4. For Application

The FATS is a multi-sensor system for continuous in-situ observation of river discharge. This state-of-the-art sensor is
capable of recording data in rough conditions like flood events, and even in tidal rivers with periodic intrusion of salt
wedge. All these features distinguish the FATS from traditional sensors and their limitations. The FATS can estimate
important characteristics (flow velocity, wave height and celerity) of Tsunami ascending rivers.

Competitive Advantages

The FATS is a reliable and accurate technique for the long-term measurement of river discharge, even in shallow, wide
rivers or tidal estuaries with saltwater intrusions. Features & Benefits: Precise time measurements using GPS clock;
High signal-to-noise ratio by M-sequence modulation of transmission signals; Accurate measurement of cross-
sectional average velocity by multi ray paths.

Patent/Journal/Award

Kawanisi, K., et al. (2010), Long-term measurement of stream flow and salinity in a tidal river by the use of the fluvial
acoustic tomography system, J. Hydrol., 380(1-2), 74-81, doi:10.1016/j.jhydrol.2009.10.024.

URL http://home.hiroshima-u.ac.jp/kiyosi )
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Development of Building Vibration Monitoring Architecture

System Using MEMS Technology

CETELEE Building Structures, Earthquake Engineering, Maintenance

Graduate School of Engineering
Assistant Professor (as of March 2012)

D mshin@hiroshima-u.ac.jp @GR Architecture

\L
( B

1. Background

The establishment of the life-lengthen technology of the building
structures is important to construct the sustainable society, and
the needs are increasing. Rational design of the new construction
stage and establishment of repair and reinforcement technology
in the maintenance stage are important to use the building long
time. we study to establish the diagnostic technique which is Photol Temple built 200 years ago ==
useful for both. Fig.1 Sensor installation”

2. Research Summary

In this study, the building vibration monitoring system is
developed by the utilization of the MEMS (Micro Electro
Mechanical Systems) supersensitive vibration sensor. It is

2nd mode 7 Lstmode

i ) . ) s Torsion made

carried out so that the basis of “durability diagnosis and Period 0.18sec.  Pperiod 0.26sec  Period 0.40sec
evaluation system” that conveniently measures and monitors the o
soundness (degradation) of building is developed by using NSA

s 25
MEMS technology. £ Y Beae 1t mock)

&

g it o

E 10 ¢ 426 : l)njn)m e) T -
3- ReSUIt g R Y £‘v0.455ec(rovam mode) ¥

Q 1 7 e

i ; g IR S i Rotation mode

Wireless measurement system using MEMS technology was € o T Period 0.45sec

developed by the cooperative research with a private company in
Center for Collaborative Research and Community Cooperation,
Hiroshima University.
(http://www.alnic.jp/RSnetwork/RSoutline.htm)

Period (sec)

Fig.2 Response magnification (Fourier spectrum ratio)

4. For Application

The large-scale measurement system using the wire style sensor is general in conventional micro-tremor measurement
system. This study is combining the supersensitive small vibration sensor with radiocommunication information
technology based on MEMS. It is advantageous to place the sensor in the conventional wire style system at the places
with measurement difficulties. This technology has the superiority which can facilitate simultaneous analysis of
perpendicular structure plane and horizontal bracing plane of the building.

Competitive Advantages

Patent/Journal/Award

Shinya MATSUMOTO, Eiji MOTOKAWA, Daiji FUJII, Kazuhiko OHTA, Suenori ARINAGA, Takaaki OHKUBO, Development of A
Simple System of Seismic Diagnosis Using Portable Wireless Accelerometer and Impact Force — Evaluation In Experiment
Wooden House —, AlJ. Technol. Des. Vol. 16, No.34, pp.1187-1192, 2010.10 (in Japanese)

URL )
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History of British Architecture and Architecture
Town Planning in 19th Century East Asia

CETELE British Architecture, Colonial Architecture, East Asia

Graduate School of Engineering

Susumu MIZUTA Assistant Professor

D smizuta@hiroshima-u.ac.jp GIEE) Architectural History
_ y,
( )

1. Background

British architecture and town planning occupy the most important role in

the architectural modernization of Asian countries.

2. Research Summary
This research is concerned with British town planning of colonial cities

and treaty concessions, industrial facilities, diplomatic buildings,
mercantile buildings and biography of architect & civil engineers in 19th

century East Asia.

3. Result

Historic details of some important industrial, mercantile and diplomatic
buildings have been clarified consulting to historical sources both in
Japan and United Kingdom.

4. For Application

This research is thought to make some contributions in the conservation,

renovation, restoration of historic buildings in Asian cities.

Empress Place building, Singapore

Competitive Advantages

This research stands on the global viewpoints crossing over the countries, making academic influences on the field of

architectural history.

Patent/Journal/Award

Encouragement Award of AlJ

URL )
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The Study of Inhibiting Effect of Slude-zation in FGEIEENE
Tidal Flat by Ground-water Flow

(ETETED Groundwater Flow, Estuarine River, Tidal Flat

Graduate School of Engineering
Assistant Professor

'm nakashita@hiroshima-u.ac.jp m Civil Engineering

\_
( B

1. Background

With the decrease in recent natural tidal flat, the creation of the
artificial tidal flat is carried out in many places in Japan.

The developed tidal flats require not only stability of the
topography but also control of sludge-zation, compensation of
the habitation of the useful bivalve.

Tide pool  Reyetment . .
Main channel tidal flat

Sheetpile?
/
@ unn

Impermeablelayer(T.P-10m)

2. Research Summary
. - Groundwater flow formed around river structure
From observation results, we clarified that a groundwater flow
(Groundwater flow occurred by water level

is important for the formation of the tidal flat environment. It is difference with D: tide pool, @: delta

thought that if the generation of groundwater flow is effective, groundwater (groundwater in inland area) )

highly functional tidal flat is formed. In this study, the influence of

groundwater flow on the sludge-zation and habitation of the useful bivalve are evaluated for the purpose of developing
a tidal flat creation technology considering the effect of the river structure.

3. Result

In a past study on Ota River, it was clarified that groundwater flow is caused by water level difference with (D: tide
pool, @: delta groundwater (groundwater in inland area). Each groundwater flow has some important roles for tidal flat
formation, like improve water retentivity, supply organic matter, oxygen necessary for habitation of the benthos in the
tidal flat, keep the ground loosely and degradation of water quality change (salt, water temperature) in the tidal flat at
the time of the flood.

4. For Application

| clarified the importance of the groundwater flow and showed the need for consideration of a groundwater flow in
developing land as an artificial tidal flat. It will be necessary in future to show structure and a shape, the height of the
river structure and the relations of the groundwater flow (including the quality of the water and the speed)
quantitatively.

Competitive Advantages

This study not only solves the ecosystemic formation defectiveness, a problem at the artificial tidal flat creation, but
also clarifies the mechanism of sludge-zation in the tidal flat.

Patent/Journal/Award

URL http://www.civil-hu.jp/coast/ )
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Numerical Simulation System for Optimization of FAGIEEEE
Passive Control Devices of Building Structures

m Building Structure, Base-isolation, Passive Vibration Control, Optimization, Finite-element Analysis

Graduate School of Engineering

Makoto OHSAKI Brofessor

D ohsaki@hiroshima-u.ac.jp @G Mechanics of Building Structures

s

1. Background

In contrast to the total building structures, the performance of I

structural parts such as beams, columns, and devices for passive P
+2.738e+08
seismic control is defined under simple loading conditions, and Dosesion
. - Ti3aeion
those devices are mass-products. Therefore, we can utilize recent +lo3zes0n
H e . — . . +3.502e+07 Maxi failure i
technologies of finite element analysis and optimization effectively #9085e105 aximum failure index

to the design of devices. This way, most of physical tests can be
replaced with numerical simulation.

+7.392e-01

2. Research Summary e

+4.928e-01

. e +4.312e-01

We developed a prototype of numerical platform for optimizing the E“ﬁgﬁ
parameters of shape and stiffness of base-isolation and passive +18480-01
+6.160e-02

vibration control devices for maximizing its energy dissipation +0.000e+00
capacity. The performances of devices under cyclic loads are

estimated using a high-precision finite element analysis. The right

figures show optimization results of the locations and thicknesses of stiffeners of a link-beam of K-brace and a shear-
type steel damper. As a result, the energy dissipation capacity has been drastically improved with practically
acceptable computational cost.

3. Result

We demonstrate that the seismic responses of building structures are effectively reduced using the optimized devices.
New types of innovative systems such as rocking system are also developed. This way, the seismic risk of building
structures can be reduced utilizing the proposed numerical optimization system.

4. For Application

The proposed system can be used for optimization of devices for any type of structures including steel, RC, and timber
structures. Therefore, collaborations with contractor company, housing industry, and design office are possible, with
information and suggestion on requirements in practical design process.

Competitive Advantages

There is no numerical development system in building engineering utilizing sophisticated finite element analysis and
optimization. By using this system, most of physical tests are not required and the cost and period of time for
development of new devices can be drastically reduced.

Patent/Journal/Award

Ohsaki M, Nakajima T, Optimization of link member of eccentrically braced frames for maximum energy dissipation, J
Constr Steel Res (2012), doi:10.1016/j.jcsr.2012.03.008

J5{E | http://home.hiroshima-u.ac.jp/ohsaki/index-e.html| )
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History of Modern Architecture and Urbanism, and FEEEEE

Theory on Contemporary Architectural Design

CETTED Architectural History, Urban History, Design, Modernism, Ideal City

Graduate School of Engineering

Toshimasa SUGIMOTO Brofossor

'm tsugi@hiroshima-u.ac.jp m Architectural History and Design Theory

1. Background

As it has been a global subject as to what the model of sustainable
urban and architectural environment is, a contemporary theory on
architectural design theory needs to be developed, and the
theoretical establishment from a viewpoint of urban and architectural
history is especially searched for.

2. Research Summary

Analyzing and summarizing the global movement of contemporary
urban and architectural design theory, problems are identified,
each subject of research is presented, and analysis study is done.
Especially the detailed research on the modern architecture and
the urban formation process of Berlin as the birthplace of
modernism architecture is performed, and the contemporary
urban and architectural design is re-interpreted. Moreover, for the
theory building about the formation history of sustainable city,
comparative studies are performed on Japanese and European
early modern city planning technique (ex.: Hiroshima castle town
vs European sea port cities in the Age of Discovery, etc.). CG is
utilized as a research means.

3. Result

Research results of architectural history, concerning the history of German modern architecture, on the design ideas of
the architects such as Bruno Taut, Bauhaus-related Walter Gropius, and Mies van der Rohe, etc., and also concerning
the German Neo-Classicism architecture.

4. For Application

Proposals are made on the contemporary orientation of the design method in a architectural design company.

Competitive Advantages

Concerning the urban and architectural design method on a practical level, the historical viewpoint which foresees the
near future tends to be insufficient, our laboratory has been trying to catch the contemporary problems from a historical
viewpoint and find out concrete guidelines through form analysis and design idea analysis.

Patent/Journal/Award

Book “Architecture Thought of 20th Century —From Cube to Chaos” (1998)

Prize of Architectural Institute of Japan (1999)
\ J

U5 http://home.hiroshima-u.ac.jp/tsugi/index.html| )
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Flow Visualization Technique for Architecture

Natural Environment
(ETETED PIV, Geometric Conversion

Graduate School of Engineering

RyOta TSUBAKI Assistant Professor

ETEID rtsubaki@hiroshima-u.ac.jp @GELD cCivil Engineering, Social Safety System Science
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1. Background

Natural environment changes in various time scales. The
flooding in a river is one of environmental changes related to
water resources management and natural disaster. The spatial
scale of flooding flow is large so measuring the time-series
change of the flow rate during the flooding has difficulties in

instrumentation, expense, set up time and so on.

2. Research Summary
Measurement technique of the flow using the video images in

natural environment was developed. Selection of camera,
determination of a shooting angle, requirement for video
storage format and system, geometric conversion and

analysis of the measured result were comprehensively

designed. As a result, stable and continuous measurement of 0 —

0o 1 2 3 4 5 6 7
flow in natural environment was achieved. Waterstage (m, T.P.)
3. Result

The time change of a flood flow was measured in this research.

4. For Application

The developed method is applicable to not only the surface flow velocity of a river but observation of various flow in

the natural environment.

Competitive Advantages

The visualization technique using the camera system has predominancy in small installation and operation costs, and
high stability and accuracy of measurement, in comparison with other measurement technology.

Patent/Journal/Award

Tsubaki, R., Fujita, I. and Tsutsumi, S.: Measurement of the flood discharge of a small-sized river using an existing
digital video recording system, Journal of Hydro-environment Research, Vol.5, Issue 4, pp.313-321, 2011.12.

058 nttps://sites.google.com/site/rtsubaki/ )
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! Civil En_gineeringl
Development of Real-time Risk Evaluation System of FEEIEEEE

Individual Valleys and Slopes in Heavy Rain

CETTED Landslide Disaster, Disaster Prevention of Slope, Mud Flow, Heavy Rain

Graduate School of Engineering

Takashi TSUCHIDA S

'm ttuchida@hiroshima-u.ac.jp m Geotechnical Engineering, Environmental Geotechnology

1. Background

In Hiroshima Prefecture, there are a large number of sites
dangerous for landslides in rainfall time, and the accurate risk
assessment of these sites is an important problem. At present the
prefectural land is divided into 350 unit areas of 5 kilometers square,
and the criteria using the rainfall indexes are determined in each
unit area on the basis of past records of disasters. In this system,
the risk of individual valleys or natural slopes in each area cannot
be determined.

2. Research Summary

To achieve the real-time risk assessment of individual valleys Investigation of valley by volunteers
using the geophysical and geotechnical data of sites, the following
researches were carried out.

1) Proposal of practical method for investigating dangerous valleys ;i e — L] E—ee f
I wlandslide
. I

il | By

which can be made by non-professionals, and the construction of
system in which volunteers for disaster prevention can take part
in the investigation of valleys.

2) Development of real-time risk assessment system, in which an
analytical model for each valley is prepared and in the rainfall Real-time calculation of safety factor application
time, the safety factor for landslide of each valley is calculated of actual landslide disaster in Fukutomi district
and presented on a map on real-time basis.

CVMELRBRERESS
Rainfall Intensity (mm/h)

3. Result

The algorithm of real-time risk assessment system is completed. The system can be implemented. The trial investi-
gation based on the proposed method was carried out by volunteers and some points for improvement were found.

4. For Application

The developed method can be implemented in the administrative works in landslide disaster prevention. In this
method the participation of non-professionals to collect the geophysical and geotechnical data of sites is a key and the
practice and improvement must be made on the investigation method.

Competitive Advantages

As there is no practical method for risk assessment of individual valley, the developed method is unique and better
than the present system of the caution and evacuation against landslide disaster.

Patent/Journal/Award

Takashi Tsuchida, Athapaththu A.M.R.G., Seiji Kano, Kazuaki Suga: Estimation of in-situ shear strength parameters of
weathered granitic (Masado) slopes using lightweight dynamic cone penetrometer, Soils and Foundations, Vol. 51
(2011), No. 3, 497-512.

\ J

URL )
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! Civil En_gineeringl
Study on Torsional Responses of Architecture

Eccentric Structures

m Eccentric Structure, Torsional Vibration

Graduate School of Engineering
Assistant Professor

1D hidekazu-watanabe@hiroshima-u.acjp  @FELED Architectural Structures and Materials

\_
( B

1. Background

According to investigations into earthquakes, there are many
reports that the buildings collapsed due to torsional vibration.
For example, a four stories building collapsed in 1995 as shown

in the photo.

2. Research Summary
The purpose of this research is to investigate many types of
eccentric structures using 3D non-linear static and dynamic

structural analysis software. This study focuses on the relation-

ship between story drift and story rotation of eccentric structures. ) N
Collapsed due to torsional vibration (Kobe 1995)

3. Result

In this study, a linear relationship between the story drift and the story rotation of the eccentric structures is observed

in inelastic range.

4. For Application

The results of this study can be used for improved earthquake safety of the buildings by developing architectural

design technology.

Competitive Advantages

The Building Standard Law of Japan contains a method to evaluate torsional vibration, however the method is
based on torsional response of the buildings only in the elastic range. One of the advantages of this study is that non-

linear torsional response of the structure can be estimated.

Patent/Journal/Award

J. Struct. Constr. Eng., AlJ, 14WCEE

URL )
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e . . Civil En_gineeringl
Citizen’s Life Behavior Theory and Architecture

Cross-Sector Urban Planning/Management

m Citizen’s Life Behavior, Urban Planning and Management, Transportation, Environment and Energy, Tourism, QOL

Graduate School for International Development and Cooperation

Junyi ZHANG Professor

D ziy@hiroshima-u.ac.jp @GIEL civil Engineering

1. Background

It is recognized that cross-sector urban planning and
management policies are required. To date, several types
of theories have been developed to deal with a certain
part of citizen life, such as travel behavior theory, life
science, home economics, environmental behavior theory,
health behavior theory, health economics, human life
environment theory, and tourism behavior theory; however,
no theory has been proposed to cover the whole citizen
life in an integrated way.

2. Research Summary

(1) Integrated citizen’s life behavior surveys: Participatory self-declaring survey, packaging survey contents and
standardization, data fusion (combine existing and new surveys)

(2) Making full use of the above surveys, integrated behavioral model systems of citizen’s life are developed to cover
major citizen’s life domains.

(3) Impact assessment systems of citizen’s life for urban policy decisions are developed to deal with both quality of life
and disexternalities of citizen’s life.

(4) Cross-sector urban policies are proposed and evaluated focusing on low-carbon urban system design, mobility and
social exclusion, urban tourism, promotion of healthy urban life, regeneration of central urban areas, and urban
governance.

3. Result

QOL-oriented citizen’s life behavior survey method is proposed to capture multi-dimensional citizen’s lives. Integrated
citizen’s life behavior models are developed. And Cross-section policies are proposed.

4. For Application

Field works of urban planning and management are required.

Collaboration between government, firms and academia is important.

Governmental attitude is a key barrier. Effective citizen participation should be further promoted.

Competitive Advantages

Survey, analysis, forecasting and evaluation methods of citizen’s life behavior are developed by making full use of the
knowledge of citizen life related disciplines as well as social psychology, behavioral economics, experimental
economics, complexity science, advanced econometrics, advanced survey and data fusion theory, etc.

Patent/Journal/Award

Best Paper Awards: 7, Outstanding Paper Awards: 3; Number of refereed papers: 238 (English: 185)
. J

URL http://home.hiroshima-u.ac.jp/hitel/citi_qol_jp.html http://home.hiroshima-u.ac.jp/hitel/members/zhang.html )
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Computer Science, Information,
Communication and System Engineering

Spin Control of Multi-radicals

CENEEE Multi-radicals, Electron Spin, Spin Multiplicity, Spin Switch

Graduate School of Science

Manabu ABE Professor

(D mabe@hiroshima-u.ac.jp (GEED Basic Chemistry

r

1. Background
The direction of electron-spins plays an important
= by w by

role in molecular functions. Thus, new materials,
(«1orl) BR triplet (T) il singlet (S)

new reactions, new function of molecules will be
created by the control of spin-multiplicity in multi-
radical species. In this study, the substituent and
heteroatom effects on the ground state spin- + * * *
multiplicity is actively investigated to produce new P Il\/ —

™ byl
triplet (T) * ﬂ +
L

function of molecules. So far, the spin-control of } * * *
biradicals (BR) and tetraradicals (TR) has been

achieved by our research group in Hiroshima.

2. Research Summary quintet (Q)
3. Result

4. For Application

Competitive Advantages

Memory materials, Spintronics

Patent/Journal/Award

Award: Nozoe memorial Award, Zimmer Award

URL )
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! Computer Science, Information,

An Interactive SyStem to Support Communication and System Engineering
“Learning by Problem-posing”

(ETETEE Learning Engineering, Education Engineering

Graduate School of Engineering

Tsukasa HIRASHIMA Professor

(Z0ED tsukasa@lel.hiroshima-u.ac.jp (AED Education Engineering

1. Background

It is known that posing a problem effectively deepens understanding on the problem itself. However, in order to
perform it as a learning activity, diagnostics of the problem is made and the feedback based on the diagnostic results

are indispensable. Those are realized via software in this study.

2. Research Summary
It is a large task involving load for learners to pose a problem. In this study, the following method is adopted, i.e., first,

activity to pose a problem is divided into two phases, i.e., dividing into partialization phase and structure formulation
phase. The structural formation is recognized as essential. Then parts of the problem are supplied to the learners and
they try to make structural formation to pose a problem. Appropriate diagnostics can be performed with the software,
as the constituent parts are already available. For learners, the only task is to recognize the constituent parts and the

activity of posing a problem.

3. Result

The system made has been already used during 4 years in the lecture of mathematics in an elementary school. The
learning effects have been obtained. It is also possible to perform the system in normal lecture using a media tablet.

4. For Application

The system has been used in practice and the learning effects have been obtained. The test was conducted in a
certain elementary school with well prepared environment. From now, it is a task, as an agenda of realization, to
expand it to general educational spots. Presently, an exercise using a media tablet has been performed. In the
introduction and penetration process of the media tablet in the educational spots, this method can be a useful example

using the media tablet.

Competitive Advantages

The developed system, which makes possible diagnostics of a problem made by a learner, is a pioneering work
internationally. There is no similar work available presently. This work has an advanced feature and the usage
experience of the system has been accumulated. The author is largely leading this area compared to other research

groups.

Patent/Journal/Award

2009 Encouragement Award at Society of Educational System Information National Convention

2008 Distinguished Award at Research Committee of Society of Artificial Intelligence
\ J

URL http://learning-engineering.com/le-home )
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! Computer Science, Information,

Com pUter SimU|ati0n Material for Communication and System Engineering
Learning Physics '

m Computer Simulation, Educational Material Development, Physics Education

Information Media Center
Associate Professor

(D inagaki@hiroshima-u.ac.jp @GEED Physics

\_
( )

1. Background

Developing computer simulation material so that the learner
discovers fun in learning natural sciences and starts
considering natural phenomena from scientific point of view.

2. Research Summary
Developing material which encourages the learner to think of

concepts of natural sciences with specific images, while
visually experiencing the situation that is not available in
reality and behavior of modeling system using computer
simulation.

Ongoing research covers simulation algorithm, visualization,
and interface of parameter operation which are considered
according to learning subject, and learning effective use of
educational material.

3. Result

Developed educational material using Flash Actionscript, on various fields of physics such as classical mechanics,
wave, electromagnetics, quantum mechanics, elementary particle, and nucleus, and cell game and chaos, applying
computer simulation. Material is published and distributed on the internet website mentioned below.

4. For Application

Contribute to the development of studies in related fields by distributing educational material together with source file,

which is basically free of charge and editable.

Competitive Advantages

Patent/Journal/Award

PSE Paper Award (2005)

URL http://www.riise.hiroshima-u.ac.jp/ePhysics/ )
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! Computer Science, Information,

Ray 't rac | n g S i mu I ati on an d Communication and System Engineering
Visualization Based on Wave Optics

(ENETEE) Ccomputer Graphics, Spectrum of Light, Visual Simulation, Structural Color

Graduate School of Engineering

Kazufumi KANEDA R

m kin@hiroshima-u.ac.jp ‘m Information Science, Information Engineering, Visual Computing

\_
( N

1. Background

Traditional rendering algorithms use three primary colors in a process .
of ray-tracing simulation. In order to visualize optical phenomena BIEAT (Fluorescent Light)
accurately, spectral distribution of light should be taken into account in
rendering algorithms.

Fluorescent light (N) Fluorescent light (D) Fluorescent light (W)

2. Research Summary

A physically based ray-tracing algorithm is developed and implemented
taking into account both spectral distribution of light and optical property
of an object. A human visual perception model is also employed to
display the simulation results realistically to a display monitor.

3. Result - b e
Taking into account both spectral distribution of light and optical : . = B

property of an object, we can display the difference of object appearance AN & (a) SI02 500 [nm]

(b) gold 20 [nm]

(c)dielgclricéOSOO nm]
. . .. . . . . . = + goil nm
visualize iridescent colors appearing on an object coated with thin films, j N + Sver 1of §

illuminated by different spectral distributions of light. We can also
nm
structural colors appearing on the surface of a beetle, and beautiful

. . 4 [s3 (Buprestid Beetle) KEDIR (atmospheric
atmospheric phenomena such as rainbows.

4. For Application

Application requiring high definition computer graphics, such as

advanced industrial design, lighting design, special effects in movies, Design of Sunglasses SR (Mutiiayer)

optical design of multi-layer thin films.

Competitive Advantages

Physically based ray-tracing simulation and visualization taking into account both spectral distribution and optical
property.

Patent/Journal/Award

Research papers published in journals such as The Visual Computer, Computers & Graphics, etc.

URL http://www.eml.hiroshima-u.ac.jp )
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! Computer Science, Information,

StatiStiCa| Pattern Recognition and Communication and System Engineering
its Applications for Image Recognition

m Pattern Recognition, Image Recognition, Machine Learning

Graduate School of Engineering

Takio KURITA S

m tkurita@hiroshima-u.ac.jp m Informatics

1. Background

Information technology (IT) such as internet or smart phone, etc.
has been rapidly developing and its application fields are
becoming diverse and complex. But the current IT is still inferior to
the human ability such as recognition, learning, decisions
depending on the situation, or attentions, etc. Although such
abilities of the current IT have gradually improved, the applications
are still restricted because of the weakness of the current IT. If
such abilities of the current IT improve, the application fields of IT
could be extended more.

2. Research Summary

Although face detection has recently been included in many of
the digital cameras, general purpose computer vision is not
commonly used in other equipments. To make the general purpose computer vision available, we have been studying
statistical pattern recognition or machine learning and its applications for image recognition. For example, we have
been developing car and pedestrian detection algorithm for safe driving assistance and the demographic survey
system.

Demographic survey system

3. Result

As one of the applications of image recognition, we have been developing a demographic survey system in which
the number of persons and their characteristics are estimated from the image sequences captured by the camera. In
the system, the upper part of the body is detected and the sex and the age are estimated from the detected face. The
statistics of the number of persons, the sex, and the age are reported for marketing purposes. Now demonstrative
experiments have been undertaken in a shopping mall under a joint research project.

4. For Application

After the economic crisis, the age of mass production is over and the people ask for richness of mind. As it is
becoming difficult to find the demand of the consumers, the need for the marketing research is increasing. If the
marketing research could be automated, so many applications would be expected.

Competitive Advantages

The person detection and the sex and age estimation can be performed in nearly real time with this technology. The
similar algorithm can be applied for counting the number of cars or motorcycles for the traffic density measurement
system.

Patent/Journal/Award

Keiji Shimada, Yoshihiro Noguchi, Tetsu Matsukawa and Takio Kurita, “Appearance-Based Smile Intensity Estimation
by Cascaded Support Vector Machines,” Proc. of The 2nd International Workshop on Video Event Categorization,
Tagging and Retrieval, November 8-12, 2010, Queenstown, New Zealand.

L]5{5 | http://home.hiroshima-u.ac.jp/tkurita/index-e.html )
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! Computer Science, Information,

Knowledge Discovery from Diverse i
Large-scale Information Sources b

m Data Mining, Information Retrieval, Privacy Protection, Geographic Information System, Database Marketing, Financial Risk Analysis

Yasu hiko MORIMOTO Graduate School of Engineering

Associate Professor

@D morimoto@mis.hiroshima-u.acjp ~ @FZELED Information Science

\_
4 )

1. Background

| have been studying knowledge discovery technologies from large and
diverse information sources such as world wide web, transactional
databases. | have focused on data mining methods from spatio-
temporal databases in particular.

| am also studying privacy preservation methods in data mining tasks.

2. Research Summary

- Spatio-Temporal Data Mining

(We developed a co-location pattern function that can find patterns that
occurred in close proximity. For example, it may find that “traffic
accidents frequently occurred in locations that are close to both
convenience stores and traffic signals.” We also developed a function
that can efficiently calculate high density regions of an event such as
“crime”. (See Figure))

- Information Retrieval by Using Skyline Query

(We developed a user friendly database system in which we can get concise and accurate answer by simple keyword
query interface.)

- Data Mining from Aggregated Records

(We developed a method for finding association rules from aggregated records instead of individual records.)

— — optimal regio

3. Result
We have developed the above mentioned functions and verified them. We have published the results in journals,
conference, and competition.

4. For Application
We plan to apply the above mentioned methods in practical applications and resolve practical problems. Therefore, we
seek for partners who have (spatio-temporal) databases.

Competitive Advantages

Our specialties are techniques for handling spatio-temporal databases.

Patent/Journal/Award

ACM SIGKDD, ACM SIGMOD, VLDB, etc.

Best Paper Award (DBKDA'10 France), Special Award (Data Mining Competition), Best Author Award (IPSJ)
Visit “http://www.morimo.com/morimo-ken/pub.htm” for more detail.

\ J

URL http://www.morimo.com/morimo-ken/ )
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! Computer Science, Information,

Design of Energy Saving Control via i

Stochastic Dynamic Game Theory
(ENETEE) Energy Saving, Nash Game

Graduate School of Engineering

Hiroaki MUKAIDANI Professor

(D mukaida@hiroshima-u.ac.jp @GELED Informatics, Electric/Electronic

\_
r

1. Background
The stability, control and filtering problems of the Power Failure
stochastic systems with Brownian motions governed

by the Ito differential equations have attracted

much research attention over the past few decades
because such systems include many practical
applications. On the other hand, Markov jump
linear systems are used in many applications of
signal processing, control theory and communica-
tions. They are well used to describe diverse fields
including networked control, fault tolerant systems,

Player 2 Player 3

Fig. 1. Single-line diagram of the two-area four-machine power systems.

communication networks and aerospace.

2. Research Summary
This research investigates dynamic games for a class of linear stochastic systems governed by Ito’s differential
equation with Markov jump parameters. Particularly, Pareto and Nash games are considered intensively.

3. Result

Earlier studies on dynamic games did not take the transitions among the models governed by a Markov process into
consideration. It should be noted that even if dramatic random parameter changes such as power failure occur in the
plant, the Nash equilibrium can still be attained by means of the proposed strategies. The main contributions of this
research are as follows. First, stochastic Nash games are investigated with respect to a Markov process. In order to
obtain the Nash equilibrium strategies, some conditions are formulated. After introducing an asymptotic structure for
the solutions, linear matrix inequality (LMI) approach is applied to avoid complicated procedures for the calculation.

4. For Application
The obtained results can be applied to practical power plant for the ordinary frequency control. Moreover, it is expected
that the problem of the engineering/economics or anything in the social sciences are preferable.

Competitive Advantages

Even if a power failure and a dramatic random parameter for the operating point are observed, the robustness against
the potential of abrupt change is still satisfied.

Patent/Journal/Award

H.Mukaidani, “A New Design Approach for Solving Linear Quadratic Nash Games of Multiparameter Singularly
Perturbed Systems,” IEEE Trans. Circuits & Systems |: Regular Papers, Vol.52, No.5, pp.960-974, 2005.

URL http://home.hiroshima-u.ac.jp/mukaida )
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Computer Science, Information,

|dentificati0n Of the Glyphs and Communication and System Engineering
Font Versions Used in Digital Documents

CETELE) Digital Document, Font, Privately Used Characters

Information Media Center
Assistant Professor

(D mpsuzuki@hiroshima-u.ac.jp (GEED Information Technology, Media Database

1. Background

In most digital documents, the font is only referred by its family Glyphic Difference of Same Typeface
name, without the versions. Thus, even if some versions of Sr_—g #E 3 __‘E‘%EEEE
typeface have serious update of the glyphic shapes (as from %ﬁﬁ%ﬂiﬂ% IS N EEEFH
MingLiU 3.x to MingLiU 7.x) and the user extract the text from the ‘ MingLiU 3.x

\_
r

document and paste to other documents, some glyph shapes are

remarkably changed. To prevent such information loss or mal- SHE N HEHE o — R =
. . T . g BH A= SlA = =

transformation, the identification of the glyphs, fonts and versions {3 2_. AV NI = nﬁ

are important. MingLiU 7.x

Broken Glyphs by Misidentification of Fonts
2. Research Summary

The digital document formats designed for printing, like PostScript, _‘Z‘Ttﬁj L'T
PDF, strip the metadata of the fonts; the fullname of the typeface, —-AJ L)\/Kﬂ-'jj

the vendor and the version. Other editable digital document formats ;.]jj K I ) l\ RE‘-\

like ISO/IEC 29500, with embedded fonts are also subsetted to —FEEJ_. \r RFL//LL e 'fj uy’
reduce the size of data and there is a difficulty to identify the fonts. - A J“ LT Jo=
In this research, the graphic data (TrueType instructions) are J—JJ u/._{ [‘ =t #
extracted from the font and their hash values are stored in the ?’ % Aukb %
database, it can be provided to the non-licensee of the fonts -

because the hash values of the copyrighted materials would not be regarded as copyrighted.

]

>

3. Result
By using the glyph identification with the hash values of their graphic instructions, the identification of the embedded
fonts could be processed automatically.

4. For Application
This technology is useful to reduce the cost to check the document referring various fonts of rarely used characters,
especially for the document that unexpected font substitution should not occur.

Competitive Advantages

In comparison with image recognization strategy, the identification by the glyphic instruction has no ambiguity in the
identity. Also the identification by hash values is useful for publicly accessible database over the network without wide
bandwidth.

Patent/Journal/Award

Yamashita Memorial Award, Information Processing Society of Japan (2011)
\ J

URL )
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Measurement & Control/

Scientific Analyses

Large Deviations in Dynamical Systems

CETTELE) Dynamical Systems, Ergodic Theory, Large Deviation Principle, Multifractal Analysis

Graduate School of Engineering

Yong Moo CHUNG Assistant Professor

T chung@amath.hiroshima-uacjp  @HEED Mathematics

r

94

. ,

1. Background

It is necessary to investigate a large class of chaotic dynamical systems with nonuniform hyperbolicity.

2. Research Summary
We study the large deviations and the multifractal spectra for smooth dynamical systems using topology, differential

geometry and functional analysis.

3. Result

We gave a sufficient condition to hold a large deviation principle for smooth dynamical systems with nonuniform

hyperbolicity.

4. For Application

These results will contribute to the study of the chaotic phenomena appeared in natural and social sciences.

Competitive Advantages

The study confirmed a large deviation principle and a multifractal formalism for chaotic dynamical systems given by

the family of Pomeau-Manneville transformations and that of quadratic maps.

Patent/Journal/Award

Yong Moo Chung, Stochastics and Dynamics, 10, 2010, 53-75.
Yong Moo Chung, Nonlinearity, 24, 2011, 1229-1252.
Yong Moo Chung and Hiroki Takahasi, Communications in Mathematical Physics, to appear, 24 pages.

URL )
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! Measprer_npnt & Control/
Development of Laser Desorption/VUV Photoionization | SEEMELIES

Mass Spectrometry for Nonvolatile Molecules

(ENTEE) Laser Ablation, Nonvolatile Molecules, Mass Spectrometry

Graduate School of Science

Ta kayu ki EBATA Professor

'm tebata@hiroshima-u.ac.jp m Physical Chemistry

1. Background

MALDI-MS and ESI-MS have been widely used as mass 7] o Faa
spectrometry for nonvolatile large size biomolecules. A common /- wvessm Lo
characteristic in these methods is that the generated ions are =/¥>‘<’!£’;"1;mmmm R
normally protonated, deprotonated, or in some cases metal cation —
is attached. In this work, we develop another mass spectrometry o o

Desorption Laser
method for nonvolatile molecules by combining laser desorption k — (1064nm 3~ 18mJpuise)
and photoionization. carrer gas (He about 3atm)

F/TQF—mbe
2. Research Summary H—uiiom ssor—

The desorption of the samples was achieved by irradiating IR
laser light to a pellet of samples mixed with graphite, where the

latter works as a matrix. Vaporized samples are ionized by single

s (? S I P “ o
Lt )
photon ionization with VUV light generated by high harmonic L

generation of a Nd:YAG laser. This spectrometry method is called
LD/VUVPI mass spectrometry (LD/VUVPIMS, and we applied this

lon intensity

Ton intensity

method to bio-related biomolecules, tyramine, L-phenylalanine

(Phe) and L-tyrosine (Tyr), and functional molecules such as calix - 56\ g

[4] arene (C4A), calix [8] arene (C8A) and calix [4] resorcinarene i Mj[ -

(C4RA). i [:0;]
ot e a0t e

3. Result e

As seen from the mass spectra in the right figure, this method is successfully applied to the molecules cited above.
For tyramine, Phe and Tyr, the mass spectra show considerable fragmentation because the high energy of VUV light.
On the other hand, the fragmentation is rather small for encapsulation molecules such as C4A, C8A and C4RA, even
though their masses are larger.

4. For Application
This method is essentially applied for the use of mass spectrometry for nonvolatile molecules such as large size
biomolecules.

Competitive Advantages

The advantage of this method is that we only use graphite as a matrix. Thus, we do not worry about which matrix we
use different from MALDI method.

Patent/Journal/Award

The CSJ Award for Creative Work, March 2008
\_ Y,

URL )
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! Measprer_npnt & Control/
H igh-sensitive Capillary Electrophoresis Usi ng Scientific Analyses

Electrokinetic Supercharging Preconcentration

CETTELED Trace lon Analysis, Electrokinetic Supercharging Preconcentration, Capillary Electrophoresis

Graduate School of Engineering

Takeshi HIROKAWA Professor

@EETD hiro77@hiroshima-u.ac.jp @GEED Analytical Chemistry

L
r

1. Background

Capillary electrophoresis (CE) is a prominent analytical method from 0.010
several reasons, like rapid analysis, easy maintenance, low running cost
and low emission. However the concentration sensitivity was considered
to be low due to its geometrical constraint of the separation field. To
improve the sensitivity, electrokinetic supercharging preconcentration
method was developed.

0.25 nM rare-earth ions

0.008 Nd Gd Y

2. Research Summary Sm

In order to achieve high-sensitive CE analysis by using conventional
UV detector, analytes in a sample should be preconcentrated to allow
large-amount introduction into a capillary without deteriorating the
separability. Therefore an efficient on-line preconcentration technique is
necessary for this purpose. We developed a new method named
electrokinetic supercharging (EKS) that is in fact transient isotachophoresis
combined with electrokinetic injection. Sub-ppb analysis of e.g. metal
ions and biogenic analytes like DNA fragments was achieved by using
the EKS technique. The mechanism of preconcentration has been
clarified by using finite element method.

Absorbance(240nm)

0.006 L L L L

Time /min

3. Result

Analytical LOD of trace rare-earth elements in water achieved by EKS-CE is comparable with that of ICP-AES and
even ICP-MS. The electropherogram shows a typical analytical example (0.25 nM several rare-earth ions). The
developed method can be applied to the analysis of low concentration of DNA fragments and to monitor dissolved
trace organic ions in high-pure water.

4. For Application

Trace analysis in high-pure water, tap water, mineral water may be practical. Application to the river water analysis
etc can also be suitable, however, ion chromatography with long history (consequently, huge data compilation) is still
dominant.

Competitive Advantages

In comparison with high-sensitive CE methods developed previously, no expensive laser and mass spectrometer
are necessary, since EKS-CE can be achieved by using conventional UV detector.

Patent/Journal/Award

Another approach toward over 100000-fold sensitivity increase in capillary electrophoresis: Electrokinetic
supercharging with optimized sample injection, Zhongqi Xu, K. Nakamura, A.R. Timerbaev, T. Hirokawa, Anal. Chem.
83, 398-401 (2011).

Japan Analytical Chemistry Society, Society Award (2011).

URL )
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g

Study of Gamma-ray Bursts by
One-shot Wide-field Polarimeter, HOWPol

CETTELE) Optical and Near-infrared Astronomy, Polarization, Gamma-ray Burst

Hiroshima Astrophysical Science Center
Associate Professor

ETEID kawabtkj@hiroshima-u.ac.jp @EED Astronomy

\L J
( A

1. Background

Gamma-ray bursts (GRBs) are most energetic explosions in the

1.5m Kahgta T'elescope

universe which are discovered roughly once in a day somewhere
in the sky. However, the mechanism of their intense emission is
still unclear. The polarization and its time variation of their early
optical emission could be a key to the emission mechanism as
well as the structure of their relativistic jets and electron energy,
etc.

2. Research Summary

We have developed a one-shot wide-field polarimeter, HOWPol
and an automatically-responding observation system for GRB
alerts brought by GRB hunting astronomical satellites. HOWPol is
attached to 1.5-m ‘Kanata’ telescope at Higashi-Hiroshima
Observatory of Hiroshima University. HOWPol uses a wedged
double Wollaston prism which enables us to obtain all three

Stokes parameters for linear polarization, I, Q, and U, from a
single exposure. HOWPol is useful for time-resolved observations to rapidly variable astronomical objects.

3. Result

We started our automated observation in 2009 summer, and observed new GRBs roughly once in 1-2 months. Most
of them were very faint or invisible optically and we could not measure the polarization. However, for GRB 091208B,
GRB 111218A (and possibly GRB 120212A) we successfully measured their polarization and we are now analyzing
them.

4. For Application

We are interested in new technologies of large format photon sensors, optical devices, because we need to measure
the faint radiation from astronomical sources with low noise and high efficiency. By the way, we are looking for any
laboratory which can perform manufacturing process for metals according to our drawings in (or around) Higashi-
Hiroshima city.

Competitive Advantages

Our capability of extensive monitoring observation with polarimetry and/or in optical and near-infrared bands
simultaneously is very unique and we can produce precious observational data for astronomical objects.

Patent/Journal/Award

Kawabata, K.S., et al. 2008, Proc. SPIE, 7014, 70144L-10
. J

URL http://hasc.hiroshima-u.ac.jp/instruments/howpol/ http://www.hiroshima-u.ac.jp/hasc/ )
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The Approach via the Enclosure Method for Scientific Analyses
Inverse Boundary Problems of Heat Equations

m Inverse Boundary Value Problems, Identification of Cavities, Identification of Inclusions, The Enclosure Method

Graduate School of Science

Mishio KAWASHITA R

EFTD kawasita@math.sci.hiroshima-u.acjp  @FELD Mathematics (basic analysis)

L
r

1. Background

It is important to investigate theoretically using mathematics about a
setup of inverse boundary value problems for heat equations and what
information about cavities or inclusions can be reconstructed from the N
measurements only given on the outside boundary.

2. Research Summary

’ outside | ‘ Can one know inside ? |

Prof. Masaru lkehata (Graduate School of Engineering, Gunma University)
advocated the “enclosure method” which is the procedure of obtaining the (
minimal convex set containing cavities or inclusions (called a convex hull), Temperature (output) Heat flux (input)
and he gave the theoretical justification using mathematics. In this research,
for inverse boundary value problems over the heat equations, he tried to Measurement
investigate with mathematical arguments about how effective the view of
the “enclosure method” is. l

This is a joint research with Prof. Masaru lkehata.

Convex hull

3. Result (information of the insi

If it is assumed that infinitely many observational data can be obtained
(finite approximation should be carried out in practice), it becomes clear theoretically what kind of data recovers the information,
especially the convex hull for cavities or inclusions. When only one measurement is given, the distance between the outside
boundary and cavities or inclusions can be found. In the case of cavities, it is shown that more detailed information is also
acquired (but is not known for a convex hull).
From the given mathematical proof, the following two remarks are obtained:
1. When gathering observational data, initial temperature of the inside must be kept constant. For example, it is necessary to
observe after sufficient cooling.
2. Internal information is obtained only from the change of the heat flow at the moment of beginning the observation. On the
contrary, it is difficult to acquire internal information without giving change of heat flow in the beginning. (from the proof, this
opinion can be considered to be right though “the contrary is not necessarily true”).

4. For Application

Verification by numerical analysis has not been given yet. It is one of the future subjects to investigate its effectivity.

Competitive Advantages

In the theoretical research to the inverse boundary value problem, it is usually assumed that infinite observations are carried out.
On the other hand, the “enclosure method” can provide the procedure of reconstruction theoretically even from many finite
observational data. This is one of the reason why the “enclosure method” should be investigated.

Patent/Journal/Award

Ikehata, M., and Kawashita, M., Inverse Problems 25 (2009) 075005.

Ikehata, M., and Kawashita, M., Inverse Problems 26 (2010) 095004.
. J

URL http://math.dept.eng.gunma-u.ac.jp/~ikehata/ (Home page of Masaru Ikehata) )
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CP Violation and Origin of Matter and [ EHlEEES

Anti-matter Asymmetry

CETTELE) Elementary Particle Physics, Flavor Physics, Rare B Meson Decay, CP Violation

Takuya MOROZU MI Graduate School of Science

Associate Professor

@ETEID morozumi@hiroshima-u.ac.jp (GAED Elementary Particle Physics (theory)

L
r

1. Background
In the standard model of elementary particle physics, there are several
problems which are not solved yet. The purpose of my research is to study C Pviolation

the theoretical framework which may give an answer to the questions. The °

methods which test the standard model and verify the new frameworks are u[ass hlerarchy Of
also proposed. Even within the standard model, there are several problems quarks and ]_eptons
which cannot be addressed properly because of technical reasons. They are /

also within the scope of my research.

Origin of matter
2. Research Summary and anti—matter

The origin of mass hierarchy of quarks and leptons and the tiny mass of i
neutrinos are clue for developing the new framework beyond the standard a‘smetry exper ment
model of particle physics. For instance, in the Seesaw mechanism, the
theory predicts new particles whose mass is much heavier than the heaviest il
particle of the standard model. We study the direct and indirect ways of Tesl of tion of

detecting such heavy particles effect and study the ways verifying the theory.
New concept  Development of

3. Result detector

We study CP violation of seesaw model. We show how CP violation
related to the matter and anti-matter asymmetry may lead to the CP violation of neutrino oscillation.

We propose various new measurements and methods which are useful for verifying the effect of the standard model and
beyond the standard model using the Rare B and K mesons and tau lepton decays.

4. For Application

The proposed measurements such as the forward and the backward asymmetry of b->s Il is measured in various experiments
including Belle in KEK and LHCB. We continue to develop the theory and the methods in collaboration with particle physics
experimentalists . We also hope to obtain some astrophysical hints which are related to the theory.

Competitive Advantages

We have the advantage because we start from very fundamental theory and framework and also show how to prove it.

Patent/Journal/Award

Forward and Backward asymmetry of dilepton angular distribution of b->sll, PLB, (With A.Ali and T. Mannel)
Power Corrections of the decay rates and distribution in B-> Xs I |, PRD, (With A.Ali, L.Handoko, G.Hiller)

A Model independent Analysis of the Rare B decays B->Xs Il , PRD, (With C.S. Kim, S. Fukae , T. Yoshikawa)
Azimuthal Angle distribution of B->K*(K pi) Il at low invariant mass region, PRD, (With C.S.Kim,Y.G.Kim,C.D.Lu)
CP violation of neutrino oscillation and leptogensis ,PRL, (With T.Endoh, S.Kang, S.Kaneko, M. Tanimoto)
Primordial family asymmetries in seesaw model, PTP, (With T. Endoh, Z.Xiong )

Bridge between CP violation and leptogenesis ,NuclPhys.B(With G.C. Branco, B.Nobre, M.Rebelo)

Chiral Weak Dynamics, PRL, (With A.l. Sanda, C.S.Lim)

CP violation of Seesaw Model, PRD, (With T. Endoh, T Onogi, A. Purwanto)

URL )
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Numerical Analysis of Micro-scale Scientific Analyses
Gas Flows Using the CIP Method

CETELE Micro-fluid, Numerical Simulation, CIP Method

Graduate School of Engineering
Associate Professor

ETEI yogata@hiroshima-u.ac.jp @GELED Numerical Fluid Dynamics, Fluid Engineering

! Measurement & Control/

1. Background

It is needed to simulate micro-scale gas flows depending on the Soroban-Grid (Adaptive Mesh Refinement)
Knudsen number ; Kinematic approach by Boltzmann Equation -~ ' :
and macroscopic one by Navier-Stokes equation with wall slip : . : . | .' AL
boundary. . Uniform (Fixed) Grid

e 1}

2. Research Summary
Flows with high Kn number and low Kn number are solved using

Grid Motion Like Abcus

BGK equation and Navier-Stokes equation with wall slip
boundary by the CIP method which has a high accuracy for
hyperbolic equations. In addition, Soroban-grid which is suitable
for the CIP method is introduced, then, dependence of Kn

number on super-sonic flows in high Kn number (BGK equation)

and wall slip boundary on low Kn number flows (N-S equation)
Super-sonic flow on wall (red line)

= Shock wave ; grid points gather near wave front
(BGK equation : CIP method + Soroban-grid)

was calculated.

3. Result

BGK equation has four-dimensional phase space even in 2D space, but CIP with Soroban-grid can simulate flows on
the wide range of Kn number effectively. Macroscopic approach based on the CIP method can also realize Flows with

low Kn numbers comparable with BGK approach.

4. For Application

Flows in MEMS such as micro-pump has Kn number around Kn < 0.2, which can be effectively treated by the
macroscopic approach. On the contrary, flows in hard-disk must be solved by BGK equation type. Hence, accurate
simulations for each flow can be compared with experiments and these predict optimized design for MEMS.

Competitive Advantages

CIP method is robust and effective for both BGK and N-S equations using the small number of meshes compared to

conventional schemes. 3D space (6D phase space) calculations will be possible.

Patent/Journal/Award

JACM

U5 http://nome.hiroshima-u.ac.jp/ryutai/jp_index.html
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Statistical Analysis of Multidimensional I SRS

Data of Complex Systems

Research Institute for Radiation Biology and Medicine

Megu OHTAKI Professor

T ohtaki@hiroshima-u.acjp @FEED Biometrics, Environmetrics, Applied Statistics, Epidemiology
\

r

1. Background

To explore the mathematical structure of data concerning Scheme of Multi-stage Model for Carcinogenesis

complex systems with uncertainty in bio-medical or

) tal field Mol Cell Genomiv nstability OICOECIE CRpression
environmental rield. -
O §— — 3 @
()-5.9(1) @Eeﬁ‘(!)® A Q A
2. Research Summary _ D
Mabigmmt |'urnw (Lo ol PS3) (5< h

Spatial-time distribution of cancer risk among atomic bomb B
survivors was explored. On the basis of survey data, the f/:\\ '
spatial distribution of black rain falling just after the bombing @ *

was estimated. A theory and computer software for estimating c Tumor Geowth  (Appeanmos of Tamortalid coll)

source-apportionment of air pollution was developed. A simple

method for analyzing microarray data to search for state of EXCESS RELATIVE RISK BY ATE DUE TO SINGLE POINT EXPOSURE

ATE=S

e ATE=10
ATE=20
ATE-30
ATE-40

e ATE_5()

gene expression was developed.

3. Result

Mathematical structures for exploring various multi-

ERR

dimensional spatial-time data in bio-medical or environmental o

science fields were explored quantitatively.

e

0 20 40 i 80 10
AGE

4. For Application 00

There exist possible contribution to searching the optimal

system and factors for the improvement of human health, QOL
and for prevention of cancer.

Competitive Advantages

Using mathematical models based on a highly useful knowledge about real science, we analyze actual data to create
high value-added new findings.

Patent/Journal/Award

U.S. Patent No.: US 6,932,363 B2, patent acquisition date: August 16, 2005, Title: Storage medium for the projection
method of searching for direction enabled, the system, programs, and housing programs:

URL )
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High-resolution Spin-resolved Photoelectron Spectrometer I SRS

by Use of Highly Efficient Spin Polarimeter

(ENETEE spin, Photoelectron Spectroscopy

Hiroshima Synchrotron Radiation Center
Associate Professor

'm okudat@hiroshima-u.ac.jp m Surface Physics, Spintronics, Synchrotron Radiation, Photoemission

L
r

1. Background

Realization of electronic devices utilizing the spin degree of freedom of Synchrotron Radiation or He, or Xe lamp
electron is strongly demanded, recently. Spin-resolved photoelectron polar
spectroscopy (SRPES) is one of the key techniques to investigate the

spin property of electrons in solids in which one can observe directly

Sample

spin as well as energy and momentum of electrons. However, the
efficiency of conventional spin detector is quite low (1/10000) and it
was difficult to observe the spin-electronic structure of material
precisely.

2. Research Summary
By utilizing very-low-energy-electron diffraction (VLEED) type spin SCIENTA R4000

detector which has been invented in 1989, the efficiency of spin

detection can be improved about 100 times in principle. However, because of the instability of this kind of spin
detector, the VLEED type spin detector was not common. In this research, we solved this problem with using stable
material as the target of spin detector and realized the high-efficient spin polarimeter. By use of this spin-polarimeter,
high energy- and angular-resolution spin-resolved photoelectron spectroscopy has been realized.

3. Result

Using pre-oxidized Fe(001) film as the target, the life time of target is dramatically improved and now one can use the
same target for more than a month stably. The efficiency of the spin detection of the new spin-polarimeter is 100 times
higher than conventional Mott type spin detector. Because of this high efficiency, more than 10 times higher energy
and angular resolutions are realized in the SRPES measurement.

4. For Application
If this new spin polarimeter is commercialized, not only the specialist but also general researchers can do the high-
resolution SRPES measurement and the research of spintronics will be accelerated.

Competitive Advantages

In case of conventional Mott type spin detector, high-voltage (a few tens kV) is needed for the spin detection. However,
the new spin detector is operable with low voltage (~10 eV) and easy to handle. The efficiency of the new detector is
100 times higher than that of Mott detector and more than 10 times higher energy and angular resolutions have been
realized.

Patent/Journal/Award

T. Okuda et al., Review of Scientific Instruments, 82,103302 (2011).

Technology award of the Surface Science Society of Japan (2011).
\ J

I35  http://www.hsrc.hiroshima-u.ac.jp/spin2.htm )
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Error Bounds of Asymptotic Expansion Scientific Analyses

Formulas for Probability Distributions

(ENTEE) Asymptotic Expansion, Distribution, Error Bounds, Gamma Function

Graduate School of Science

Hirofumi WAKAKI S

@EFTD wakaki@math.sci.hiroshima-u.ac.jp GEED Mathematical Statistics

1. Background

There are many asymptotic expansion formulas for distribution functions. However, there are few investigations on

evaluation of the error except by numerical experiments.

2. Research Summary
The characteristic functions of several test statistics can be written as products and ratios of gamma functions. Box’s

asymptotic formulas for such statistics is famous, which was derived under the framework that the sample sizes were
large. Recently asymptotic expansion formulas of such statistics under a framework that both the sample sizes and

the dimension are both large. Computable error bounds are investigated.

3. Result

Computable error bounds of asymptotic expansion formulas for basic test statistics on multivariate normal
populations were obtained under the framework that the sample sizes are large, and under the framework that both
the sample sizes and the dimension are large.

4. For Application

Competitive Advantages

Patent/Journal/Award

Akita, T., Jin, J., and Wakaki, H.(2010) High{dimensional Edgeworth expansion of a test statistic on independence and
its error bound. Journal of Multivariate Analysis. 101, issue 8, 1806-1813.

Measurement & Control/

URL
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New Type of Zeta Potential Measurement Device I SEHMERIEES

by Use of Sedimentation Method

(ENTEE Powder Technology, Classification, Standard Particle, Numerical Simulation

Graduate School of Engineering

Hideto YOSHIDA Professor

@EED r736619@hiroshima-u.ac.jp @GIEED Particle Classification, Cyclone Separator, Centrifugal Separation

r

1. Background

Sedimentation method is widely used in the

measurement of particle size distribution. Our

laboratory developed the new type of automatic

sedimentation balance method. Zeta potential

measurement is also possible by use of this new

method. qz
2. Research Summary E

Conventional sedimentation balance method

requires complicated process in the measurement. N .
) . ) 1> Controller {2) Mixing impeller (31 Mixing tank 4} Balve
The new type of sedimentation balance method is {5: Electnic balance 6 Protection box 71 Supply pipe ‘B Bypass
simple in operation and it is possible to measure & Sedimentation tank 0 Detection tray  {i! Personal Computer

zeta potential in each size range. A2 Ultrasonic probe

3. Result

Accurate particle size distribution with particle size from 1 to 100um is possible and the results agree with the
microscopic method. And also zeta potential of each particle size range is also measured by use of this new method.

4. For Application

This new apparatus is expected to be applied to various powder handling process including food and semiconductor

industries.

Competitive Advantages

Conventional particle size measurement requires complicated data handling processes. This apparatus is simple in

use, data handling friendly and easy to estimate zeta potential of each size range.

Patent/Journal/Award

Yoshida, H. et al Advanced Powder Technology, 23, 185-190 (2012)
Yoshida, H. et al Powder Technology, 219, 29-36 (2012)
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Tourism
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1U1l

Underwater Sound
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Visual Simulation
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