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Originality is required to prevail in competition

Nobuo Takeda, Professor, Vice-dean, Graduate School of Frontier Sciences; Director, TJCC (Todai-JAXA Center for Composites)
Yukio Yamaguchi, Professor, School of Engineering; Chemical System Engineering
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Professor Nobuo Takeda has been deeply involved in the
development of advanced composite material systems, mainly
focusing on the aerospace area, including the incorporation of
optical fiber sensors within carbon fiber composites. Professor
Yukio Yamaguchi has been working on controlling the
nanostructure of materials such as silicon during the production
process, generating new functionality and applying it in the real
world. We asked both professors, who are playing active roles in
the forefront of areas that support Japanese industries, about the
prospect of manufacturing in the future and the knowledge that
global talent will need to possess.
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Nobuo Takeda

Dr. Takeda completed his Masters course at the Graduate School of Engineering, the
University of Tokyo in 1977. He obtained a Ph.D. from University of Florida and a Doctor of
Engineering from the University of Tokyo in 1980 and 1982, respectively. After serving as a
researcher at the Japan Atomic Energy Research Institute, he joined the Research Institute
for Applied Mechanics, Kyushu University as an Associate Professor in 1984. He became
an Associate Professor at the Research Center for Advanced Science and Technology, the
University of Tokyo in 1988, a Professor at the Center for Collaborative Research in 1996,
and a Professor at the Department of Aeronautics and Astronautics, the University of Tokyo
in 1998. He assumed his current position in 1999. He was also appointed as Vice-dean,
Graduate School of Frontier Sciences in 2011 and has been concurrently serving as Director
of the TJCC(Todai-JAXA Center for Composites) since 2012. His research projects include
experimental micromechanics of composites, structural health monitoring and life cycle
monitoring, and composite materials manufacturing science.
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Yukio Yamaguchi

Dr. Yamaguchi graduated from Kyoto University, Faculty of Engineering, Department of
Chemical Engineering in 1973. He completed a Masters course at the Graduate School of
Engineering, Department of Chemical Engineering, the University of Tokyo in 1975 and
then joined Mitsubishi Kasei Corporation (currently Mitsubishi Chemical Corporation).
He attended MIT (Department of Chemical Engineering) in 1980 where he obtained an
Engineering Degree in 1982. He obtained his Ph.D. by thesis from Keio University, Faculty
of Science and Technology, Department of Electronics and Electrical Engineering in 1990
and then became a Professor at the University of Tokyo, School of Engineering in 2000. His
work involves the development of spherical silicon solar cells, synthesis of organic EL film,
synthesis of fluorescent silicon nanoparticles and their application to medical diagnostics,
synthesis and functionalization of nanoparticles, development of the self-organization
process and knowledge structuring of nanomaterials.
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Manufacturing high-value-added products
by changing the size and function of materials
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—— Please tell us about your research.

Yamaguchi: To sum it up, my research is on materials and their method of
production. Mainly | am working on silicon materials and trying to control
their nanostructure during the production process; because size, structure
and physical properties of materials vary due to different production
processes. Among the size variations, | select those that appear to be
interesting research subjects and that are also useful to society, and try to
examine the mechanisms of their structural formation (Figure 1).

A specific example is the development of solar cells using silicon-type
materials. A characteristic property of solar cells is their spherical shape.
Because of the mounted structure of the 1Tmm order silicon spheres,
they are several-fold more effective than normal wafers. They are easy to
handle, do not easily break and are pliable. Moreover, each sphere contains
a p-n junction (a part within a semiconductor where a p-type and n-type
semiconductor contact with each other, which is an essential structure
for semiconductor elements used for diodes and transistors). It is indeed
a revolutionary structure (Figure 2). We established a university-based
startup company 10 years ago and have already made efforts toward
commercialization. However, our initial target cost of TW=5$1 by the year
2020 was moved forward due to harsh global competition, and we are
therefore currently re-evaluating future development.

Under these circumstances, we are also conducting research on
synthesizing a 1 um silicon particle, which is 1/1000 of the sphere size,
to use as anode materials for lithium-ion batteries. Currently, carbon is
being used for this purpose. We believe that the use of silicon particles
will improve battery performance and such technology can be applied to
creating storage batteries for electric cars. The patent for silicon particle
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Figure 1. Silicon materials synthesized in our laboratory. A single nanoparticle
is a quantum dot synthesized by plasma CVD. The use of fluorescent silicon for
applications to medical diagnostics is currently under development. Micron-
sized particles were produced by the zinc reduction method using silicon
tetrachloride, and applied to lithium-ion battery anodes. The largest Tmm
silicon particles were synthesized from molten silicon via jet nozzle at the rate
of 500/second, and applied to solar cells.

1 YUARZETEELL>Y IAVHE. Y INF/ RFIETSXICVDTERLT:
EF Ry b, ®¥>Yar e LTERSHAOIBARRER. 700941 XORFIEM
BICEROEMETETRE, Y FILMF VY EREEALH, ZHAEL Tmm KR
) aAvIFBEEES ) Ay s/ ZIVIETRET 112 500 BERE,. KEEbAGA.

LFTNEDa—IL

HEBRKSTD gL (1W: 2HE13%)

Figure 2. Spherical solar silicon cells. About 1000 silicon particles were
mounted on a zone plate following formation of a pn-junction. Spherical solar
silicon cells are flexible, and the one shown in the photo can generate 1W of
power.
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synthesis is currently pending.

Furthermore, reducing the size of silicon particles to a scale of several
nm results in the creation of quantum dots, which take on significantly
different physical properties than the original particles. The energy band
structure of silicon changes according to its quantum size effects and as
a result, silicon quantum dots possess an intense visible luminescence, in
contrast to bulk silicon, which is poorly luminescent. Additionally, silicon
is harmless to the human body and does not degrade since it is inorganic.
We are therefore evaluating the application of luminous silicon to be used
as a high resolution fluorescent medical diagnostic marker or as a drug
delivery system (DDS) (Figure 3). Furthermore, we expanded this concept
to develop a new system in which luminous silicon can be used for both
applications simultaneously. The patent application for this system has
been submitted by the university and is pending.

In the future, electronic, optical or magnetic materials of all kinds
will be particulated and dispersed at the nano-order to be used as
“nano-composites” . An important key concept for this process is “self-
organization”, which we are trying to accomplish by taking an engineering
approach. We also want to mass-produce such composites. Although
we are rooted in academia, we always remain mindful of the practical
applications of our research by paying attention to production methods
up to product performance.

: Our research is on the development of advanced aerospace
materials/structures, particularly the development of carbon-fiber-
reinforced polymer (CFRP). Currently, we are particularly focusing on the
establishment of a smart composite structural health monitoring system
that employs carbon fiber composites with embedded small-diameter
optical fiber that is several dozen um in diameter, which was originally
developed in our laboratory (Figure 4).

Carbon fiber, as you know, is light, stiff and strong, and thus has been a key
research material in the rapidly growing field of highly-durable materials
over the past several decades. Carbon fiber composite is currently used
in the new Boeing 787 and Airbus A380 airplanes. Specifically, 50% of the
weight of the structural materials in the Boeing 787 consists of carbon
fiber composites (Figure 5). Due to the lighter airplane weight arising from
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the use of carbon fiber, fuel costs have been able to be reduced by 20%.
Furthermore, regarding production of carbon fiber materials, the Japanese
carbon fiber industry (Toray, Tohotenax and Mitsubishi Rayon) holds the
top market share, accounting for 70% of total production. Also, Japanese
aircraft manufacturers (Mitsubishi Heavy Industries, Fuji Heavy Industries
and Kawasaki Heavy Industries) share in about 35% of the total production
of the main structural materials of Boeing 787. This represents an area of
great hope for Japanese industries.

However, this situation may not continue forever. Western and Asian
countries are not far behind Japan. In fact, Japan may be overtaken in this
global competition should we limit ourselves to being only providers of
structural materials.

We therefore decided to add value to CFRP. | have been working on
the formulation and visualization of the failure process of carbon fiber
composites under the microscope (Figure 6). However this research is
limited to the laboratory environment. In order to visualize how actual
carbon fiber material failure occurs in real life and what type of impacts
cause failure while the fiber is actually in use in real time, we decided to
insert a small-diameter optical fiber that is capable of measuring strain
and temperature. If you employ a human biological analogy for this, the
optical fiber would function as a nerve.

A superior feature of this system is that it can be used not only to
visualize the degradation of materials while in use but can also to be
applied in quality control during the production process. As the size of the
CFRP structure increases, it becomes more difficult to control and achieve
uniform processing conditions. However, with this system, it is possible to
detect cracks with openings as small as 1 u m. Furthermore, the strength of
the structure is not affected by the embedded optical fiber.
Yamaguchi:That is very interesting. As the structure of lithium ion batteries
moves toward nano-materials, the detection of cracks caused by coating
and drying during the production process becomes more of a problem. |
assume that this system to detect such problems in situ can be applied to
many different areas.

Takeda: Yes, as a matter of fact, there is a proposal to use it in the
production process of fuel cells. Also, there have been inquiries such as
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Figure 5. Latest and next-generation commercial aircraft that use composite Figure 6. Evaluation of interfacial strength characteristics of carbon

materials.
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nanotube composites. We succeeded in the quantification of nano-interfacial
mechanical characteristics.
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whether it can be applied to concrete structures or whether it can be
incorporated into the turbines used to generate wind power. So, if we can
provide this as a packaged system that can control the health of various
structures, and not only engage in selling materials, the use of the system
will be expanded tremendously. We are working on this project with the
idea that it can be one of Japan's strengths.
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—— Both of you are not merely making materials, but are creating original
techniques by changing size or combining different materials. What is the
source of such originality?

:I'm afraid that the manufacturing field is the only field in which
Japan can come out on top in a global competition. It is not sufficient for
Japan to dependably manufacture items. We must elevate manufacturing
technique to the scientific level in the future. | believe that the role of
academic research is to theorize each step taken through trial and error.

| completely agree with you. On the other hand, we expect
that various new materials will be applied in the production of general
products such as automobiles and houses in the future. At that point, the
main bottleneck is cost. Japan's weakness is in cost competition. Therefore,
manufacturing with added-value and originality becomes even more
important. We cannot prevail in global competition if we lack individuality
and creativity.

—— | think that it is also important for researchers to possess motivation
and experience through intensified global competition in order to prevail.
Please provide young researchers with your experiences.

: Ever since | watched the landing of the Apollo spaceship on
the moon when | was in my second year of high school, | was attracted
to space development and have consistently been involved in the
development of aerospace materials. My turning point came from my
experience studying for 2 years in Florida, USA, where | took a leave of
absence during my doctoral course. | lived in a rural area, far from city
life. | was poor and life was hard. Although when | look back on those
days, | feel that it was a very useful experience for me, | am not sure if it is
necessary for students these days to suffer the same hardships that | had
to. The current Japanese environment is rich and students are blessed. Of
course, in addition to the English language, there are many things | learned
from the experience of studying abroad that turned out to be big assets,
including ways of thinking in English, characteristics and weaknesses of
Americans, as well as presentation and communication skills.

I myself spent 2 years at MIT in Boston when | was 30 years
old and it was a very good experience for me. At that time, | was working
at Mitsubishi Chemical and went there as a research fellow to study
“coal gasification”. However, due to various reasons, | had to discontinue
that research project. From that point, | had to take a hard path forward
beginning by taking a GRE (a common examination that is necessary for
admission to graduate school in the US) and starting over with a brand
new research theme as a graduate student.| undertook a research project
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on non-linear numerical modeling. This was a totally new area for me. But
I had an instinct that modeling would be essential for future engineering.
Unbelievably, all the things | went through were only reported to the
company after the fact (laughs).

My mentor there was Professor Robert Brown, who later became the
President of MIT. | learned much through weekly one-hour discussions
with the professor. But because of this great experience, when | came
back to Japan, | sometimes felt disappointed about the lack of seriousness
among people during discussions. | was able to learn American culture
and polish my communication skills through my study experience in the
us.

——1I see that the experience of studying abroad is very important. Besides
this, what kind of view points and initiatives do you think are necessary?

: As | mentioned before, since we belong to the Faculty of
Engineering, | believe that in order to support rationalization of
manufacturing effectively through academic research and to increase
the ability to compete globally, it is necessary for industry, academia
and government entities to work together by each carrying out their
appropriate roles. | think this is a very big objective.

: | agree with you. Rationalization is difficult to do in industry
and therefore should be carried out by academia. Also, it will be a good
learning opportunity for students in the Faculty of Engineering. In other
words, through problem-solving type research, they can cultivate the
ability to identify the true nature of problems. Conversely, once you
identify the real nature of a problem, you can find a way to solve it.

:l agree. Without such thinking, it is difficult to compete at a global
level. Conversely, you can compete at a global level on an even keel if you
possess originality.

:Yes, in a battle, it is essential to have both strategy and a
weapon. The role language plays is minimal in this situation. Of course,
communication skills are important. But you do not have to be fluent in
English. It is more important to think than to memorize.

: | think so too. Of course, having minimal language ability is
necessary. However, it is more important to learn how to put together
logical thoughts and how to express yourself in English.

And originality arises by thinking thoroughly through the research.
Originality is particularly important in other countries. A person who
cannot discuss his originality enthusiastically is not highly valued. | am
always trying to think through what my originality is. | would like to ask
young scientists to constantly think about the originality of their research.
| think that researchers are expected to have their original story and to
be able to explain it clearly in the future. | strongly recommend polishing
such skills.




Cultivating the ability to think, a sense of balance and the willpower to fight
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@ Preface dialog Nobuo Takeda & Yukio Yamaguchi

—— Could the pursuit of originality turn into complacency?

Takeda: Of course, you have to be able to identify the current trends by
checking on what other people are doing through academic papers.Then
you need to find an area that no one else is working or an area in which
you can utilize your talents most effectively, and explain and pitch your
originality to others.

Yamaguchi: In other words, it is necessary to cultivate a sense of balance.|
try to emphasize this point in the evening seminar of the GMSI. | think you
should constantly remind yourself to look at yourself and your research
theme objectively, as well as the research themes of others. It's a good
idea to ask around. Sometimes, your thoughts suddenly become clear
during consultations or discussions. From this view point, originality and
cooperation do not necessarily conflict.

Takeda: Only Nobel prize-level researchers can become an island
unto themselves, devoting themselves completely to their research
and remaining aloof from others. But there are only a handful of such
researchers (laughs).

Yamaguchi: | completely agree with you. Some students erroneously
think that they should suppress their individuality when job hunting, for
instance. They think that originality or individuality conflicts with being
cooperative.That is a big mistake.

Takeda: You can learn many things not only by studying abroad, but
also by attending international conferences and seminars. | want young
researchers not only to simply present their research, but also to actively
participate in discussions with other researchers and challenge them as if
picking a fight. Such experience will certainly become useful later in their
research life.

Yamaguchi: As Dr. Takeda mentioned previously, the 21st century is the
time that knowledge and wisdom in manufacturing are required. | fear
that unless we accomplish it through nation-wide collaboration among
industry, academia and government entities, there is no future for Japan. |
truly wish for young scientists to possess a strong consciousness that they

are part of a collaboration, and to fight together.
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The GMSI workshop on numerical simulations of fluid/thermal systems
was held from March 16 to 20, 2012, at KTH Sweden and TU Delft,
Netherlands. The number of total participants was about 30 including
Ph.D. candidates and professors, and 7 from The University of Tokyo.

Participants talked about their research and about numerical simulation
of fluid/thermal systems. Research topics covered broad areas such
as: representation of physical phenomena of droplets and bubbles;
chemical phenomena of gases adsorption and engineering process; and
development of fuel cell and carbon nanotube and ship control. Active
discussions were held during the Q&A session even though the various
Ph.D. candidates had different majors.

| tried to use layman terms in my presentation so that the audience
from different fields could easily understand my work and participate
in the discussion that followed. Before this workshop, | was concerned
whether | could explain my research in English to people from other fields,
but I've become more confident in my presentation skills because of my
participation. | would like to further improve my presentation skills by
participating in such events in the future.

In the workshop, we had a chance to visit an institute on campus and
see their research equipment. The large-scale experimental equipment
constructed to verify engineering processes was interesting to me because
| rarely have a chance to see such equipment. It seems that there are
many more international students in European universities compared to
Japanese counterparts. It was a valuable experience to talk with everyone,
not just about research, but also about the cultures and politics of their
own countries.

Group photo at KTH

GMSI Workshop on Numerical Simulations of Fluid/Thermal Systems
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The principle of bioelectrochemical system for CO, conversion

@ Young researchers shouldering the future
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Electrochemical reduction of carbon dioxide by
thermophilic bioelectrochemical system
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The field of Bioelectrochemical systems (BES) has promising renewable
technologies with great application potential in wastewater treatment,
biofuel production, power sources supply, and bioremediation. The key
principle of BES is that microorganisms are used as catalysts to drive
the oxidation and reduction reactions on the solid-state electrodes.
Up until now, current studies of BES have been mainly focused on
mesophilic systems (20 - 40 °C), in which mesophilic electrochemical active
microorganisms are used as biocatalysts. However, thermophilic BES (50°C
+) is potentially superior to mesophilic BES in performance due to higher
reaction activity, greater durability, and wider substrate utilization range.

My research is mainly focused on thermophilic BES and its application
in CO, conversion. In our studies, a novel thermophilic nitrate-reducing
bacterium was found to be capable of electrochemical activity, which
largely expanded our understanding of thermophilic electrochemical
active microorganisms. We also conducted CO, conversion by using
thermophilic BES. In this process, methanogenic microorganisms
(methanogens) with other electrochemical active microorganisms on
cathode act as catalysts to reduce CO, into methane (CO, + 8H+ 8e-
— CH4 + 2H,0) when a small voltage (generally less than 1.0 V) is
applied. However, the electron transfer mechanism needs to be further
investigated. We hope that we can combine BES with carbon dioxide
capture and storage, together, and contribute to the reduction of CO,

emissions.

P
FR
Scanning electron microscopy of a control electrode (Left) and the electrode with
biocatalysts (Right)
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A, l.Bard, J. Photochem. 1979, 10, 59-75.

600+ $H,0 —1 CH0+ 40, MO — M, + O,

Schematic diagram of two-step overall water splitting
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Photocatalytic water splitting
under visible light
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Hydrogen from renewable energy resources is a clean, virtually
inexhaustible, environmentally benign energy source that could meet
most of our future energy needs. To meet the needs for it, the energy
harvested directly from sunlight can be considered as one of the desirable
approaches with minimal environmental impact. This is because both
the water and sunlight which are readily available from nature comes
free and in vast excess of our energy needs. One of the potential means
to harvest solar energy is through the use of photocatalysts for water
splitting under visible light. Because of its simplicity, water splitting using a
powdered photocatalyst has become a subject of much interest, with most
research focusing on the visible light sensitization of catalysts in order to
effectively utilize incoming solar energy. In general, it is of interest to study
a Z-scheme type system for overall water splitting under visible light.
The Z-scheme system which refers to overall water splitting using a two-
step photoexcitation systems mimicking photosynthesis in a green plant,
is made up of two photocatalysts for H, and O, evolution respectively,
that are reacted along with a reversible redox couple. In this two-step
photo excitation process, a wider range of visible light can be utilized in
comparison with conventional systems and the energy required to drive
each photocatalyst is reduced.

My research work aimed to develop new photocatalyst materials
for water splitting reaction and to achieve an artificial photosynthesis.
Different type of Z-scheme photocatalyst systems consisting of active
H,-evolving photocatalyst, and O,-evolving photocatalysts with and
without electron mediators will be studied. It is expected that these
photocatalyst systems showed activities for water splitting into H, and O,
in a stoichiometric amount under visible light irradiation and even under
sunlight irradiation.

Young researchers shouldering the future
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@ GMSI-GSISH Winter School 2012
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The International Winter School on Biomedical Engineering was co-
organized by the GCOE Program Mechanical Systems Innovation, The
University of Tokyo (UT), Japan, and the Graduate School of Information
Science in Health, Technische Universitat Miinchen (TUM), Germany, the
GMSI-GSISH, and was held at UT from March 5 -11,2012.

10 PhD students from UT, 10 from TUM, and 2 from Waseda University
participated in the event. The main goal was to provide students with a
chance to participate in a pseudo UT-TUM collaboration research grant
proposal writing exercise. Students were divided into groups and were
requested to come up with a research problem and then to propose a
possible solution. The exercise stressed not only the technical aspects
of a research problem but also student skill in managing personnel and
resources from both institutions, and then within an allocated time frame
and budget. Students presented their proposals on the last day and were
then evaluated on the importance of the chosen problem, the plausibility
of the solution, and on its execution plan. Among proposed research
problems were a portable toilet screening device, a liquid-bone injector,
and a training simulator.

In addition to the grant writing exercise students were given the
opportunity to listen to lectures given by professors from not only both
UT and TUM, but also from AIST, Waseda, Kyushu, and Nagoya University
throughout the school term. Furthermore, students also participated in 7
laboratory visits, 5 at UT and 2 at TWIns. Excursions to Odaiba and Ryogoku
were also provided. As a whole the school not only helps students broaden
their technical, communication, and management skills, but also serves
as a platform for networking, cultural exchange, and future international

collaboration.
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Institute for Biomechanics (IfB) at ETH Ziirich

In August 2011, | participated in a three-month research collaboration
project at the Institute for Biomechanics (IfB) at ETH Zirich. The IfB is
dedicated to biomechanical investigation of the human body, and totals
approximately 50 members, including 6 senior scientists, 6 postdoctoral
researchers, and over 20 graduate students, plus technical and
administrative staff. | worked under Prof. Ralph Miiller who is currently a
Prof. of Biomechanics as well as the Director of the IfB. The research he is
pursuing employs state-of-the-art biomechanical testing and simulation
techniques, along with novel bioimaging and visualization strategies for
biological tissues.

| worked primarily with Dr. Davide Ruffoni to simulate tissue-engineered
cartilage undergoing mechanical stimulation. The simulation was
used to predict the spatial differentiation of cells into specific lineages
within the tissue, which was verified through cellular experiments at
the Ushida-Furukawa laboratory at the University of Tokyo. Additionally,
various imaging techniques including synchrotron measurements
and micro computed tomography were employed to determine the
structural properties the scaffolds used in the cellular experiments for the
simulations. Frequent meetings with other members of IfB specializing in
a variety of areas allowed for effective brainstorming to help work through
problems in dealing with the most efficient means to progress in the
project.

Through this collaboration | was able to expand the breadth of
my research and knowledge by acquiring new skills such as imaging
techniques and programming, and also further verify the theoretical
aspect of my wet-lab experiments. Such an international research
experience tests one’s problem-solving skills and adaptability as a
researcher— incredibly useful in further expanding ideas for my own
project. | would like to thank GMSI for making this experience possible
and also Professor Ralph Miiller and Dr. Davide Ruffoni for their time and
support during my stay at the IfB.

International Research Collaboration @
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@ International Internship
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| stayed at UZH (University of Zurich) in Switzerland for 4 months from
Oct. 3, 2011 to Jan. 31, 2012. The Zurich airport is the biggest airport
in Switzerland and serves as a hub airport for many European airlines.
Zurich is located high in the mountains and thus the temperature is lower
compared to other surrounding areas.

There are two important educational institutes in Zurich: UZH and
ETH (Swiss Federal Institute of Technology). UZH is more focused on
scientific and cultural topics, whereas ETH, one of the largest technological
institutes in Europe, is more focused on engineering. These two institutes
are located next to each other in the center of the city and have been
collaborating in research for years.

| stayed at the Al Lab of the Department of Informatics. The Al Lab
is directed by Professor Rolf Pfeifer and they study methods to create
complex robotic behavior through the interaction between the robotic
body and the surrounding environment. | joined in the EU project of
Soft Robotics. After discussion with the professor, | decided to study
the learning of control of a soft robotic arm because my major at The
University of Tokyo is machine learning. | wrote a conference paper to
report the results of this work. There were many international students
and postdocs in the lab, and | had linguistic, educational, and cultural
experiences through my various new friendships. Something of interest
was how many European colleagues came early to the lab and left early as
well. In contrast, many Asian people stayed later and spent more time in
the lab (of course there were exceptions).

I'd like to thank the GMSI office for providing me this precious
opportunity.
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Model of jet engine (Exhibition site, TurboExpo 2012)

| attended ASME (American Society of Mechanical Engineers) Turbo Expo
2012 and visited two universities with the support of the GMSI program.

Turbo Expo is an annual conference on turbo-machinery, which is
held alternately in North America and Europe. This year, the conference
was held in Copenhagen, Denmark between the 11th and 15th of June.
Many technical papers were presented during the conference and there
was active exchange of technical information between researchers and
engineers. A large portion of the research presentations were focused on
aero-engines and industrial gas turbines, but recently, sessions on steam
turbines and wind energies have also been held due to the growing
interest on energy issues. The latest findings in the entire energy field
can be easily acquired, and this makes Turbo Expo one of the biggest
international conferences on turbo-machinery and power.

I made a presentation on an active control method of jet noise in the
session on jet engine noise and received useful comments about the
problems associated with the actual application.

After the conference, | visited Technical University of Berlin and Technical
University of Aachen in Germany. At both universities, | was guided
through the research facilities on jet propulsion and turbo machines
with an explanation on their latest researches. There were many wind
tunnels, turbo-machine test rigs and metal machines for manufacturing
experiment, giving a great opportunity for producing new ideas on
experimental devices and measurement methods.

During the visit to the conference and the universities, | was able to
learn about the newest research trends, as well as to visit some leading
research facilities. | would like to express my gratitude for the wonderful
opportunity and the support of the GMSI program.
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