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This issue introduces JAXA’s commitment and everyday
efforts in supporting Japanese aviation industry, together
with updates on recent projects. Two topics from a new serial

‘Aeronautics in depth’ are introduced as well.
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Close up view of the electric propulsion system developed by JAXA. Electric motor glider applying this system was successfully flown in February 2015, demonstrating the feasibility of JAXA's electric
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Feature Story - - - JAXA Aeronautics at the heart of "all-Japan" R&D landscape

Interview

JAXA Aeronautics
at the heart of "all-

Japan" R&D landscape

Supporting the aircraft industry
to grow into one of Japan's major
economic forces

In April 2015, JAXA embarked on its new journey as the National Research and
Development Agency. By further enhancing its research and development
capabilities in the aerospace field and incorporating input from diverse areas of
study, JAXA will aim to fulfill its new role as the National Research and Development
Agency, the core objective of which is to “optimize its research and development
results as an all-Japan force.” The organizational transition has also reshaped
the JAXA Institute of Aeronautical Technology into the Aeronautical Technology
Directorate, which will foster research initiatives within a new framework in
hopes of making even more valuable contributions to the
Japanese aircraft industry. We spoke with Kazuhiro
Nakahashi, Vice President and Director General
of the Aeronautical Technology Directorate,
about the primary goals of the new setup and
the projects that the organization will be
pursuing.

Kazuhiro Nakahashi

Vice President
Director General,
Aeronautical Technology Directorate

.

JAXA's approach to help
stimulate the growth of
Japanese aircraft industry

——How has JAXA’s transition into the
National Research and Development Agency
changed the structure of the Aeronautical
Technology Directorate?

JAXA has always focused its efforts on “projects,” a framework
that involves commitment at the management level in all
aspects of the project process, from defining the technological
goals and planning to monitoring progress to delivery. That
approach has helped us develop and operate satellites and
explorers, including DAICHI-2 (the Advanced Land Observing
Satellite-2) and the HAYABUSA 2 asteroid explorer. In the field
of aeronautics, aFJR (Advanced Fan Jet Research) and FQUROH
(Flight demonstration of QUiet technology to Reduce nOise
from High-lift configurations) has been operated under this
type of project framework in hopes of transferring developed
technologies to industry. Although the organization will
continue to pursue this project framework, we will also
bolster our basic research structure so that we can also create
new innovations. Building on these two foundations, we are
committed to generating as much output as we can.

With experts predicting that aviation demand will more
than double over the next two decades, the Japanese aircraft
industry has started to exhibit substantial growth in the last
few years. Japan’s share of the global aviation market may
only account for 4% as it currently stands, and this amount is
expected to grow further to around 10% within the next 10
years. In the “Strategic Vision for Researching and Developing
Next-Generation Aircraft,” which the Ministry of Education,
Culture, Sports, Science and Technology released in 2014,
the ultimate goal is to bring that share all the way up to 20%
and develop the aircraft industry to the point where it can
stand shoulder to shoulder with the auto industry as one of
Japan's key industrial forces. It's our role at JAXA to make that
happen—and to do so, we need to spark breakthroughs that
put Japan at the head of the pack. The new organizational
framework puts JAXA on the front lines of that effort.

——What does that entail, specifically?

We have to forge close bonds with the aircraft industry to
create new technologies, always making sure that what we
develop finds applications for use by industrial partners in their
operational settings. The new projects that we've launched this
year are part of that effort.

For the past two years, the JAXA Aeronautical Technology
Directorate has been initiating a program with three main
pillars: the Environment-Conscious Aircraft Technology
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Program (ECAT), the Safety Technology for Aviation and
Disaster-Relief Program (STAR), and the Sky Frontier
Program (Sky Frontier). These programs, which encourage
application-oriented research, have fostered the seeds for
the new projects aFJR and FQUROH. Then, at the beginning
of 2015, the organization formed respective project teams to
develop technologies further under the “project” framework
in hopes of making an impact on the aircraft industry in the
next several years. Also, the “R&D of onboard safety avionics
technology to prevent turbulence-induced aircraft accidents
(SafeAvio)” is mapped out as an emerging research initiative
for the Aeronautical Technology Directorate. In our work on
the aFJR project, we are making a joint effort with engine
manufacturers to develop technologies for more fuel-
efficient engines. The efforts are centered around developing
technologies for lighter and higher-efficiency fans and low-
pressure turbines through the use of composite materials,
which is an area of expertise where Japan has the edge over
the international competition. (see FLIGHT PATH No. 1/2
for details). The FQUROH project, meanwhile, will serve to
create technologies that reduce airframe noise and thereby
help aircraft comply with tighter noise limits in the years
to come (see FLIGHT PATH No. 1/2 for details). SafeAvio is a
research and development initiative designed to establish
technologies, by using lasers, to detect clear-air turbulence,
which cannot be detected with conventional weather radar
systems (see FLIGHT PATH No. 3/4 for more details). As these
new projects and initiative are designed to work toward
achieving shared goals with manufacturers, they represent
our stronger commitment. We are confident about what these
synergized efforts with industry can bring about for Japan
as a whole. It's also a reflection, | think, of how hopeful and
confident the manufacturing community is about what we can
do. The “Strategic Vision for Researching and Developing the
Next-Generation Aircraft” has also positioned these unique
technologies as priority targets that give Japan an advantage
over foreign competitors, making the Japanese aircraft
industry more internationally competitive.

The core of the “all-Japan” structure
The “Next Generation Aeronautical
Innovation Hub Center”

——This April, JAXA created the “Next
Generation Aeronautical Innovation Hub
Center.” Could you tell us a bit more about
this new framework?

Giving life to revolutionary technologies that will provide benefits
in the long term requires more than the expertise JAXA has at its
disposal—it also demands knowledge of new fields. In addition

to utilizing our assets in aerodynamics, thermodynamics,
structural dynamics, composite materials, control, and other
areas that we've traditionally prided ourselves on, we'll also be
needing human resources in less familiar fields like electrical
engineering and chemistry. The Innovation Hub exists to provide
an environment where JAXA can collaborate with people from
universities, other research institutions, and manufacturers on
creating new technologies through an all-Japan framework.
With the Innovation Hub, I'm expecting that all the different
parties involved are benefiting from this flexibility in forming
groups by topic and taking multi-disciplinary approaches across
organizations and areas of expertise.

——Whether it's a project or an innovation
hub, there needs to be an industrial element
to the initiative for JAXA to contribute to
the aircraft industry. What do you envision
along those lines?

The research initiatives at the Innovation Hub need to
conform to industrial needs and seeds. Otherwise, we won't
be able to attract human resources or industrialize our
technologies. Building on the many steps that JAXA has taken
to make its intellectual property as accessible as possible to
partnering researchers, we're now committing ourselves to
giving participating manufacturers more freedom to use the
intellectual assets that come out of the Innovation Hub as they
wish. That way, we'll be able to ensure that manufacturers
will be able to participate strategically with a view to
industrialization.

I'hope that the Innovation Hub can get university professors
and students involved, too. If we want to attract students from
outside the metropolitan area, we'll need to be able to provide
support for longer-term stays. That's one area that | want to
focus on. Students will be able to flourish at the Innovation
Hub, I think, and put themselves in position to lead the aircraft
industry into the future. The Innovation Hub has the potential
to be a liberating platform for young JAXA researchers, as
well—Dby sharing goals with manufacturers and academics,
our up-and-coming generation of JAXA scientists will have
extraordinary opportunities to try new things.

——The IT field is another important area,

right? (
T

The loT (Internet of Things) field ‘

is drawing enormous attention

in fields of all kinds, and engine

manufacturing is no exception:

overseas engine manufacturers have

started to build networks for round-

the-clock engine status monitoring
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and develop their creations into viable services. In my view, these
types of health monitoring frameworks are only going to expand
in scope as time goes on. Information technologies are also going
to take on increasingly important roles in areas like operations
management and information sharing.

——What sorts of research topics are you
going to be working on?

As we work to identify potential research topics ourselves,
we're also currently gathering ideas from manufacturers,
universities, and other sources on interesting possibilities.
Some of the areas that we've already started looking at
are main wings that reduce air drag, quiet core engine
technologies that cut down on gas emissions, and de-icing and
anti-icing technologies. Quiet supersonic aircraft technologies
are another target for future research at the Innovation Hub.

Our work on the FEATHER (Flight demonstration of Electric
Aircraft Technology for Harmonized Ecological Revolution)
initiative, which focused on developing an electric propulsion
system for aircraft use, wrapped up in February 2015 with
a successful manned flight demonstration. These types of
aircraft electrification technologies are going to be some of the
biggest factors in propelling aviation technology further into
the future. Just as cars have started shifting from traditional
gasoline fuel to biofuel and hydrogen fuel, aircraft are starting
to follow similar trends across the globe. As the Japanese
aircraft industry works to keep pace with these changes, | think
that the success of the FEATHER initiative will draw positive
attention to what Japan is doing—nbut JAXA will also need to
keep leading the way forward.

—Finally, what are your hopes and goals
for the future?

Through its research and development activities, the JAXA
Aeronautical Technology Directorate has been a core driver
of Japan’s aircraft industry. For the Japanese aviation sector
to become a key economic contributor to Japan, we are
determined to support and lead the growth of the sector by

better serving as a central site for all-Japan research and
development.




Esrange Space Center in Sweden. The supersonic experimental airplane was flown as originally
planned and it has been confirmed that a sonic boom was captured and measured by multiple
microphones. This article features an interview with Masahisa Honda, Sub-Manager of the
D-SEND Project Team, who participated in the flight experiment at Esrange.

— I'm sure that you overcame various hardships
before realizing this success. How do you feel now that
the flight experiment is finished?

I'm relieved! The D-SEND Project was started in 2010. When
including the development period, the project has taken six
years in total. It felt so long. Of course, I'm overjoyed that the
flight experiment was successful. At the same time, | realized
that | won't have to come back to Sweden again next year. It's
been three years since | have started working on the D-SEND#2
campaign. Over the past three years, | spent three months
per year in Sweden. Although | will miss working in Sweden a
little, my strongest feeling is one of relief.

——Please explain your role in the flight experiment.

On July 24, 2015, a flight experiment was held for the D-SEND#2, the second phase of “Drop
test for Simplified Evaluation of Non-symmetrically Distributed sonic boom (D-SEND)” at the

In 2013 and 2014, | served as chief manager responsible
for overseeing the entire experiment. In 2015, | also took on
the additional role as administrative manager in charge of
supporting team members’ daily life over the test period .
——Based on results for 2014, what measures did you
take for this year’s flight experiment?
In 2014, we were forced to suspend the flight experiment
because appropriate weather conditions did not exist
throughout the set experiment period. In response,
we reviewed various measures to increase experiment
opportunities even when faced with weather like last year.
For example, one measure was to secure a experiment period
which was twice as long as last year’s.

As a technological measure, we took action to increase
the timing of separation from the balloon. For example, in
order to separate the experimental airplane from the balloon
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and fly it directly over the boom measurement system (BMS)

at the designated speed, altitude and flight-path angle, it is
necessary to perform separation within a concentric, donut-
shaped range centered on the BMS. Through additional review
of the flight path, we were able to maximize the donut width
(+3 km outwards at an altitude of 30 km) and thickness of the
altitude direction (altitude of 28 km to 30 km increased to an
altitude of 28 km to 33 km). Furthermore, until last year, we
had only “Pattern A" in which the balloon needed to go up to
an altitude of 33 km first, then come down to an altitude of
30 km for level flight for the separation of the experimental
airplane . For this year’s flight experiment, we added an option
to balloon trajectory (Pattern B) in which the experiment
airplane was separated upon reaching an altitude of 30 km
during the ascent.

During the actual flight experiment, it looked like the
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ascending balloon would pass through the donut range in which
separation is possible. Therefore, we initially aimed for Pattern
B when we released the balloon. However, when the balloon
neared the donut, it became difficult to time the separation due
to instability in the surrounding wind direction and wind speed.
In response, we switched to the backup Pattern A and performed
separation on the western side of the donut.
——Did you encountering any difficulties from the
preparatory stage until completing the experiment?
Following last year's experiment, the experiment airplane
was stored inside of a temperature-controlled building at the
Esrange Space Center. Accordingly, there was absolutely no
problem in terms of functionality. However, towards the end of
the preparatory stage, there was a malfunction in which GPS
data could not be received. We realized that our GPS receiver
was encountering interference from experiment signals sent
from the stationary satellite of a certain country in order to
improve GPS accuracy for that satellite. The satellite started
sending the signals from around last October, after the end of
our previous flight experiment period. Without removing the
receiver from the experiment airplane, we were able to change
the configuration to prevent the reception of unrelated signals.
If we had had to remove the GPS receiver and send it back to
Japan, it would have been a huge setback.
— Again this year, you were forced to wait quite a
long time before starting the experiment. What was the
mood of the flight team like while you were waiting?
You might assume that we were simply waiting for the
weather to change and had nothing to do, but it was an
extremely emotionally-exhausting period. Every day, we
held a meteorological briefing to determine whether the
experiment would be held in two days time. Day after day
(generally speaking, including Saturdays and Sundays as
well), we were given the no-go for the experiment. These
repeated disappointments slowly sapped the morale of our
team. The experiment period started from June 29. By the
time we reached the third week of July, a feeling of gloom
had spread over all our team members. Upon observing such
lack of morale, | became worried that team members would
not be able to keep up their spirits until August 31. Therefore,
| tried to think of ways to give everyone a change of pace. For
example, | asked new members who had joined the team from
this year to give a one-hour presentation on their research.
Although these presentations only lasted an hour, everyone
was able to forget about weather

conditions. It was a really
precious opportunity to

Masahisa Honda

Sub-Manager of D-SEND
Project Team

refresh our spirits.

On a different note, our team heard a story about
a certain rocket launching experiment that had
been held at the Swedish Space Corporation (SSC).
According to the story, the weather conditions needed
for the experiment did not align and the team was
forced to wait. Then, when team members wore green
clothes to the meteorological briefing, the "go-sign"
was given. Upon hearing this story, our team started
a movement to wear something green to meetings.
As another diversion for team members, the project
manager purchased a green t-shirt at the space
center (looking back, | now wonder why the center
was selling green t-shirts...), and other members
wore green sweaters and shoes. I'm sure it was just a
coincidence, but we got the go-sign in about a week
after starting the "green movement.”
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Actual flight path. The balloon moved along the yellow line. The experimental airplane was released
within the donut-shaped separation zone at an altitude of 30.5 km. . While following the path

shown by the red line, the experimental airplane passed over the BMS Site N before touchdown.

—— How did you arrive at the decision to conduct
the experiment?

First, every day at about 11:00 am local time, our JAXA team
held a pre-briefing session to forecast the weather for two
days later and to make a decision on whether or not to carry
outthe experiment. JAXA conducted preliminary review based
on weather conditions such as temperature, humidity, wind
speed and wind direction, and by considering factors such as
the predicted flight trajectory of the balloon and measuring
conditions for the sonic boom. Then, from 2:00 pm, we attended
a meteorological briefing held by the Swedish Space Corporation
(SSC), who operates and maintains the Esrange Space Center.
At this meeting, the SSC confirmed factors including weather
conditions, the balloon trajectory, and the status of preparations
by JAXA, and then issued a final decision regarding the
experiment. This process was repeated every day, even Saturdays
and Sundays, until we finally got the go-sign.

Unlike in 2013, when we aimed for the slight chance of
conducting the experiment amidst poor weather conditions,
the end of this year's experiment period gave us several
consecutive days of appropriate weather conditions. When
making a decision, we classified six weather conditions into
the categories of red, yellow and green. | remember how
everyone clapped their hands on the first day when all weather
conditions were green. Even better, several of these "green
days" continued in a row. It really seemed like our prayers via
the green movement had been answered. In fact, there were

Summary
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so many green days that we had our choice of when to release
the balloon. It was so fortuitous that we started worrying that
something had been overlooked!

—— How was the team's mood on the day of the
experiment?

For the majority of airplane team members, it was their third
year. They had rehearsed the operation procedures countless
times. Accordingly, everyone was confident that they could
follow all the necessary procedure correctly without any
problems.

The experiment site of the Esrange Space Center is
extremely expansive, measuring about 100 km from north
to south and 70 km from east to west. The control site and
the BMS sites were located separately. As a result, in order to
prepare for the experiment, team members in charge of the
BMS had to travel to the BMS sites via helicopter about 10
hours prior to the balloon release. Each BMS group consisted
of two members, and there was a total of three BMS sites. Four
of these members were new to the project. Although they
had undergone repeated preliminary training at an indoor
site, training at the actual BMS site had only been held once. |
imagine that these members were quite nervous at the time of
the actual experiment.

Even after the go-sign was given for the experiment and
preparations were started, it was still necessary to make a go or
no-go decision at certain points such as deploying the balloon
and filling the balloon with gas. During that process, it started
raining lightly prior to transportation of the experimental
airplane from the hangar. Consequently, the experiment
countdown was put on hold, and there was a delay in
preparations by the SSC technicians who were responsible for

Rain
Trajectory

Helicopter

[
M
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All weather conditions indicated in green. The
go-sign for the flight experiment was given at
the meteorological briefing.
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releasing the balloon. Overall, the time required until releasing
the balloon was longer than planned. Since the support team
located in Japan didn't have detailed information on local
conditions, | am sure that they were filled with anxiety.

—— What was the situation after releasing the
balloon?

The experiment team was divided into an Operations Center
where the SSC operated the balloon and JAXA confirmed flight
safety for the experimental airplane, and a Science Center where
the status of the flight airplane and BMS sites was monitored.
| watched over the release of the balloon from the Balloon
Operation Center at 4:43 am. | had heard that our experimental
airplane would be the heaviest payload that SSC had ever tested
by balloon, so | was holding my breath at the moment that the
balloon was released. | stared at the sky for a while after the
balloon was released, worrying that it would burst and fall down.
After seeing that the balloon was rising steadily, | entered the
Science Center and began working with other team members to
check wind conditions and the balloon flight trajectory.

Initially, we had planned to use Pattern B and separate
the airplane three hours after the balloon release. During that
three-hour period, there was some heated debate regarding
the separation timing. In the end, the timing was not right for
Pattern B separation, so we gave up and switched to Pattern A.
Afterwards, while checking the altitude and wind direction, we
guided the balloon in an attempt to realize the best possible
conditions (to the outside of the donut where the experimental
airplane will pass over two BMS sites).

We were able to perform separation under outstanding
conditions about two hours later, at 10:00 am. After overseeing
the separation countdown at the Operations Center, | ran to
the adjacent Science Center and stared intently at the control
monitor. The monitor in the Science Center showed a real-
time display of the scheduled flight path and the actual
flight path taken by the experimental airplane. Of course,
the actual flight didn't go exactly according to plan.
As | watched the control monitor, every single light
indicating a deviation from the scheduled flight path
increased my nervousness. Team members in charge
of aerodynamics and flight control also remembered
the flight deviation which had occurred in 2013, so
everyone was extremely nervous.

The BMS sites were being monitored in real-
time, so | knew right away that we had succeeded in
measuring the sonic boom. However, | didn't truly feel
like we had succeeded until | collected measurement
devices which had been attached to the BMS and then
played back the data. Thanks to swift response by the
leader of the BMS group, | was able to check the data
the day after the experiment.

—— Please tell us what is known about experiment
results at the current time.* ‘ 3 &

Flight control for the supersonic airplanekwent smoothly
and the flight proceeded according to plan. For the BMS, all
recorders, both airborne and on the ground, operated cdrrectly.
We recorded many sonic booms. From among the three BMS
sites, we succeeded in measuring low sonic boom waveforms
at Site N. Microphones at the other two sites (Site Cand Site S)
measured several sonic booms. When combining all of these
recordings, we succeeded in measuring a total of 196 sonic
boom signatures. This is the first time that such a large amount
of valuable sonic boom data was acquired through a single
flight experiment.

From the acquired sonic boom data, we confirmed a sonic
boom reduction effect. However, since the flight environment
and other factors differed slightly from our original forecast,
we are currently taking a more detailed look through CFD
(Computational Fluid Dynamics) analysis and sonic boom
propagation analysis. We still need a little more time before we
can validate the "low sonic boom design concept" which is the
objective of the project.

—— When will detailed analysis results be released?

| hope to report on detailed analysis results at the SSTG
(Supersonic Task Group), a meeting of the ICAQ (International
Civil Aviation Organization), which will be held in Canada at
the end of October.

| would also like to present the experiment results at
a general meeting of the CAEP (Committee on Aviation
Environmental Protection) of the ICAQ, which will be held
in February 2016. At the meeting, discussion will be held
regarding the formulation of international sonic boom

standards in preparation for the operation of supersonic

passenger airplane in the future.

—“Mﬁhat aspect of the D-SEND Project has been the
most difficult?

The experimentgl supersonic akirplyane doesn't have an

- engine or wheelsfor running on‘the ground. Therefore, it

Wﬁm‘t possibl;"{} coniduct ‘teStiyng in the stages of ground
runs, subsonic flight, and supersonic flight. Instead, prior to
the actual flight, we were only able to test functions on the
ground. In that respect, this project may have had more in
common with the launch of a rocket or satellite than the flight
test for an airplane. It's truly an all-or-nothing experiment.
While being conscious of our budget and schedule, we had to
think creatively, consider all possible happenings, and conduct
development to ensure the success of our flight experiment.

On a different note, the SSC staff working at the test site in
Sweden are easygoing and laid back. | felt some culture shock
at the difference with Japanese people. An important part of
my job as sub-manager was to engage in close communication
with the SSC. In order to facilitate an environment for smooth
implementation of the flight experiment, | had to overcome
differences in culture and sensibility.

—In closing, please tell us your future plans and
aspirations.

In the recent experiment we conducted supersonic flight for
an experimental airplane which was designed with a low sonic
boom nose and tail. We succeeded in acquiring a large amount
of sonic hoom data which includes low sonic boom signatures,
and we are conducting detailed analysis and evaluation of this
data. In doing so, | can say with confidence that Japan is one
step ahead of the rest of the world. In the future, in addition to
summarizing the results of the D-SEND Project, | hope to use
these results as a base for pursuing new research themes in
supersonic airplane technology.

*As of mid-September 2015
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iFlightlsystemitechnology
for making aircraft safer
and more familiar

It is important for aircraft to be structurally strong and environmentally friendly.
However, if aircraft built to possess such characteristics cannot be controlled, safe flight is
not possible and passengers will lack peace of mind during flight. Aircraft are sometimes

operated by pilots and sometimes flown via control by a program. In order to realize safe
flight, it is necessary to formulate measures by assuming a variety of conditions including
human error by the pilot and loss of controldue to'équipment failure. An extremely broad

range of technology is needed to resolve such issues. What kind of technology is being simulate the motion of various other aircraft.
researched at JAXA? Aircraft with this functionality are rare and

unique even on a worldwide level. These
functions make it possible to conduct simulated
flights by replicating the control of aircraft under
development and the conditions of aircraft
involved in accidents. As part of joint research
JAXA ﬂ|ght testing facilities are demonstration technology required for aircraft ~ with the University of Tokyo, MuPAL-a is being
development, and flight evaluation for safe  used in experiments for control technology
and efficient operation technology. In order to ~ which enables malfunctioning or damaged

The efficiency of research and development  respond to these needs, JAXA operates three  aircraft to continue safe flight and to land safely.
for flight technology has increased dramatically ~ research aircraft (helicopter, propeller aircraft The research jet plane Hisho was unveiled

unlike any other in the world

due to the use of wind tunnel experiments  and jet aircraft) which possess different flight  in 2012 in order to enable flight testing at high
which have been utilized since long ago and  envelope (altitudes and speeds), as well as  speed and higher altitude. Hisho was used to
to remarkable advancements in computational  two flight simulators for fixed-wing aircraft ~ conduct noise source measurements during
fluid dynamics (CFD) in recent years. However,  and rotorcraft, whose control characteristics ~ JAXA's FQUROH (Flight demonstration of QUiet
as the final step for realizing actual operation,  are completely different (see page 11 for  Technology to Reduce nOise from High-lift
it is necessary to guarantee performance by  details). In addition to responding to various  configurations) project. Furthermore, Hisho is
conducting flight demonstrations in the actual ~ demonstration needs, we are working to  scheduled for use in future flight demonstrations
operation environment. Aircraft manufacturers,  establish efficient testing technology, and to  of technology for reducing noise. Hisho will
onboard equipment manufacturers, airline  improve the level of testing technology and  also be used to conduct performance testing

companies and research institutions all  measuring technology. of evaluation instruments for flight testing
have a wide range of varied needs which The twin-engine turboprop aircraft MuPAL-a  of Japanese commercial aircraft, as well as
include evaluation of new sensors, actuators,  is equipped with an experimental Fly-By-Wire  confirmation for operation in flight testing.

avionics and control programs through  (FBW) control system in addition to the original The helicopter BK117C-2 was implemented

flight demonstration, establishment of flight ~ mechanical system. This enables MuPAL-a to  in 2013 as the successor to the retired MuPAL-¢.
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Flight data visualized on DRAP monitor

Currently, while enhancing the functions as a
research aircraft, the BK117C-2 is being used in
demonstrations of the Situational Awareness
and Visual Enhancer for Rescue Helicopter
(SAVERH) system which utilizes Helmet
Mounted Display (HMD), and in measurements
of wake turbulence.

As ground facilities, JAXA possesses two
types of flight simulators which provide pilots
with the same controllability and sensation as
actual aircraft.

The flight simulator has the same cockpit
display program, which are used in the FBW
system of the MuPAL-a. This makes it possible
to perform preliminary confirmation using
the flight simulator before actual flight

Tunnel-in-the-Sky displayed in cockpit

demonstrations.

"One advantage of JAXA is that we do
much more than simply fly aircraft," explains
Kenji Fujii, Director of the Flight Research
Unit. "We possess technology and know-how
related to measurement technology and flight
testing. We will continue to contribute to the
growth of the aeronautical industry through
joint research with private sector companies,
universities, and other public organizations by
using our flight testing facilities."

Preventing human error by pilots

As one type of technology for preventing
human error, Crew Resource Management

SAVERH display

RO m

Various information projected by HMD
(display image)

Pilot using HMD
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(CRM) training is widely conducted by airline
companies, the Japan Self-Defense Forces, the
Japan Coast Guard, and organizations which
train pilots. JAXA has also contributed to the
implementation of CRM, which is a concept
in which safe and efficient flight operations
are realized through the effective utilization
of all resources; specifically, people (pilots, air
traffic controllers, mechanics, etc.), objects
(manual, airports, etc.), and information. JAXA
is currently developing a tool to evaluate the
effectiveness of CRM education. Furthermore,
from the viewpoint of human elements,
JAXA plans to establish a system which
comprehensively evaluates various human
factors which include pilot emotions, mental
state, ability, skill and fatigue.

One JAXA technology which has already
been put into practical use at several airline
companies is the Data Review and Analysis
Program (DRAP), which replicates actual
flight conditions as three-dimensional visual
information. By using DRAP to reconfirm their
own flight conditions and maneuvers, pilots can
reduce future errors and improve their skills.

Another technology which has already been
put into practical use is Tunnel-in-the-Sky.
Tunnel-in-the-Sky is a flight support system
which displays a tunnel-shaped flight path
on the cockpit display. By flying inside of the
displayed range, pilots can realize smooth flight
and landing. By explaining this technology as
drawing an imaginary tunnel in the sky and
flying inside the tunnel, the technology might
be easily understood. In addition to use in
JAXA flight demonstrations which require
precise flight trajectories, Tunnel-in-the-Sky is
also being use at private helicopter companies
for airborne laser surveying which also
demands precise flight trajectories.

JAXA is also focusing on research and
development for the aforementioned SAVERH
as a human interface for supporting control
of helicopters for which only visual flight
is possible. This system combines infrared
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cameras and topographic data to reduce
workloads on pilots and increase flight safety
even in poor weather conditions without
sufficient visibility.

Topographic information, flight path
information, infrared camera images and other
required information are displayed on the HMD,
and the system automatically measures the
distance to specified obstacles.

Also flight control systems are important to
enable safe control for broad flight envelope
such as from takeoff, landing, to high-speed
flight at high altitudes, as well as supersonic
flight for the future theme. In addition, flight
control systems should be able to handle
emergencies and sudden changes in weather
conditions such as turbulence. JAXA is
conducting research to develop tools which
enable efficient design and evaluation of such
flight control systems.

"Through advancement of such technology,
we hope to realize aircraft which can be
controlled easily by anyone," says Fujii.
"Accordingly, our goal is to develop a safe flight
system which can be controlled easily and
which responds under any conditions." The
establishment and spread of this technology will
make aircraft a more familiar tool of our lives.

Toward expanding the use of
helicopters

In Japan, a country which has little flat ground

and is filled with mountains and islands,

helicopters (rotorcraft) account for roughly 30%
of all registered aircraft. This is an inordinately
high ratio when compared to other countries.
Helicopters are used in a variety of situations
including search and rescue, emergency
transport, and shipping of goods. However, the
further expansion of helicopters is hampered
by threats to safe flight due to poor visibility as
well as by noise control issues in urban areas. In
order to improve these conditions and expand
the usage of helicopters, it is necessary to
develop safer flight support technology.

Fixed-wing aircraft cause wake turbulence
during takeoff or landing. This wake turbulence
has a significant impact on the takeoff or
landing of the following aircraft. For many years,
research has been conducted on the occurrence
and disappearance of this wake turbulence.
As a result, global rules have been established
for the takeoff and landing interval at airports
according to the size of fixed-wing aircraft (see
FLIGHT PATH No. 7/8). However, the air flows
created by helicopters are more complicated
than the wake turbulence caused by fixed-wing
aircraft. Little research has been conducted and
no international rules exist for helicopter wake
turbulence. In order to realize efficient and safe
flight for many helicopters, it is necessary to
understand the occurrence mechanism and
impact of helicopter wake turbulence. JAXA
is conducting research by flying helicopters
over runways, using LIDAR* and a supersonic
anemometer to measure the resulting wake
turbulence, and visualizing the air flow. Data
obtained through these experiments will
be used in the future to predict helicopter
wake turbulence.

Additionally, in combination with D-NET2
(Integrated aircraft operation system for
disaster relief; see FLIGHT PATH No. 7/8)
technology for efficient aircraft operation
during emergencies, JAXA is researching
technology which uses millimeter-wave
radar and infrared cameras to detect power
lines which are a dangerous obstacle during
low-visibility conditions and then notifies
the pilot. We are also working to enable
flight during poor weather conditions using
instruments only.

*A sensor which uses a laser to irradiate airborne
particles and then measures wind speed based
on the scattered light.

Kenji Fujii

Director, Flight Research Unit

JAXA's research

Research aircraft

MuPAL-a

Based on the twin-engine
turboprop airplane Dornier 228-
202 (19 passengers and 2 pilots),
MuPAL-a is equipped with
an experimental Fly-By-Wire
control system and can perform
in-flight simulation.

Flight simulators ™

The fixed-wing aircraft simulator FSCAT-A uses an
actuator to move the cockpit and simulate the
acceleration felt during flight.




Flight testing facilities include research aircraft

a i rcra ft an d ﬂ ig ht Si mu Iato rsS for collecting data through actual flight and flight

simulators for simulating aircraft flight conditions
on the ground.

Hisho

This jet airplane enables flight demonstrations in
high-speed, high-altitude environments. Hisho
is based on the Cessna 680 and equipped with
devices/antennas for precise measurement of flight
conditions and attitude, as well as a camera aperture
which provides a view of directly below the cabin.
Hisho started operation from 2012.

Research helicopter

Based on the Kawasaki BK117C-2, this research
helicopter was implemented as the successor to the
MuPAL-€ which was retired in February 2013.

FSCAT-R

The rotorcraft flight simulator FSCAT-R realizes an environment
close to actual controls by projecting images on a hemispherical
screen to create a broad field of vision. FSCAT-R is used in
research and development such as SAVERH.
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Supporting Japan’s aircraft engine technology

with JAXA's engine test facilities and measurement

LECINO0I0GIES;

JAXA's Chofu Aerospace Center not only features wind tunnels but also boasts

awide variety of aircraft engine testing facilities. This section takes a closer
look at how these facilities have driven aircraft engine research and
development and how the testing equipment

will open up the skies to new possibilities
in the future.

[l Jet engine structures that
facilitate component research
and development

A jet engine has a “modular configuration” that comprises
several components in series: the fan (which feeds in air), the
compressor (which compresses the air), the combustor (which
mixes the compressed air with fuel and burns the mixture),
and the turbine (which uses the high-temperature gas that
comes from the combustor to rotate the engine). Unlike the
structures of piston engines and other engine types, the
modular configuration of a jet engine has an independent,
four-step cycle—intake, compression, combustion, and
emission—that makes it possible to develop and test
each component separately and thereby create an optimal
engine by combining the components that ensure proper
performance. The modular configuration of a jet engine is also
why the aFJR project, which began in 2015, can concentrate
specifically on developing technologies for environmentally
friendly fans and low-pressure turbines. Taking advantage
of the unique benefits that modular configurations offer, the
Chofu Aerospace Center features facilities for developing and
demonstrating components on an individual basis and jet
engines in complete packages.

The “fan and compressor test facility,” capable of rotating
test items several tens of thousands of times per minute at

high horsepower levels, allows researchers to evaluate fan,

compressor, and other component parts at the rotational
speeds that they would experience in actual operations. At the
“high-pressure and high-temperature combustion test facility,”
meanwhile, researchers can feed compressed, heated air and

fuel into combustors to assess the combustion flames and the

Fan and compressor
test facility

At the fan and compressor
test facility, researchers
test fans and compressors
under high-speed rotation
conditions.

composition of the gas that the combustion process generates.
The “materials test facilities” enable researchers to test turbine
materials and more under real-life usage conditions.

In addition to housing these component testing facilities,
the Chofu Aerospace Center also boasts a host of other testing
facilities: the “jet engine test cell,” which operates jet engines
for aircraft up to the regional jet class for performance
evaluations, the “altitude test facility” (ATF), where researchers
can quickly and easily replicate the high-altitude environments
that jets fly in, and the “noise test facilities," which measure the

noise emitted by exhaust nozzles, are just several examples.
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M Facilities that have evolved
together with aircraft engine
research in Japan

Most of the aircraft engine testing facilities at the Chofu
Aerospace Center went into use after the research and
development project for the FJR710 (during the 1970s
and 1980s), the high-bypass-ratio turbofan engine that
represented a first for the domestic Japanese market and laid
the foundation for the country’s aircraft engine industry. The
jet engine test cell—one of the post-FIR710 installations—

allows researchers to test engines ranging from ultra-small

engines with 2.5 kN of thrust to regional jet-class engines with

Jet engine test cell

Users can assess the operations of jet
engines all the way up to the 100 kN
class from the ground and test engines
with large bell mouths on engine air
intakes.

Altitude test facility

The altitude test facility recreates
aircraft flight environments for
testing purposes. At the facility,
researchers install an engine inside
the chamber, seal the environment,
and modify temperature and
pressure parameters to test the
corresponding conditions.

up to 100 kN of thrust. Since the
turn of the century, the Center
has revamped the facility for
testing various engine control
technologies by enabling partial
engine operation functionality
during testing (variable turbine
nozzles, etc.) and supporting controls of fuel flow volume and
other parameters.

The altitude test facility recreates airborne flight
environments in a sealed chamber and features engine testing
equipment that allows researchers to simulate conditions at

speeds of up to Mach 2 and thin-air altitudes of 15 km. The

Hisao Futamura

Director
Propulsion Research Unit

A

facility provides an optimal setting for two main test types:
direct-connect testing, which involves feeding air directly
into the engine and measuring the performance levels of the
engine itself at subsonic speeds, and semi-free-jet testing,
which measures performance under supersonic flight conditions
with the air intake on the engine. To provide researchers with
information on shockwaves that occur inside the air intake, the
design of the facility also enables schlieren™ measurements.

From the late 1970s through to the 1980s, the “Moonlight
Project”—a Japanese governmental initiative to create
energy-saving technologies—used JAXA's engine testing
facilities to research and develop electricity-generating gas
turbines. As jet engines and gas turbines have essentially the
same hasic structure, the JAXA testing facilities offer that kind
of versatility. In the late 1990s, JAXA, the National Institute of
Advanced Industrial Science and Technology, aircraft engine
manufacturers from Japan and around the world, and other
organizations used the engine testing facilities as part of
the ESPR project for the development of next-generation
supersonic engines.

"There might be bigger facilities abroad,” says Hisao

Futamura, Director of the Propulsion Research Unit , “but the

*1 An optical method that involves passing a parallel light beam through a flow and observing
the variations in the resulting light to measure changes in (the gradient of ) gas density.
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Supporting Japan’s aircraft engine technology with JAXA's engine test facilities and measurement technologies

facilities we have in place right now can make valuable
contributions to regional jet-class engines.” The ongoing
aFJR project (see FLIGHT PATH No. 1/2 for details) is
assessing fans made of carbon fiber reinforced plastic
(CFRP) at the fan and compressor test facility and
planning to test low-pressure turbines made of ceramic
matrix composite (CMC) at the materials test facilities. In
the effort to research engine noise reduction technologies,
researchers have placed microphone arrays at the noise
test facilities, the jet engine test cell, and other facilities
to determine noise sources, evaluate the effects of
noise-reduction devices, investigate noise propagation
conditions, and more.

Like JAXA's wind tunnels and other facilities, several
of the testing facilities at the Center are open to outside
organizations like companies and universities. At the high-
pressure and high-temperature combustion test facility,
for example, oil for jet engine fuel is just one of many
materials that users can test—the facility also enables
testing of natural gas and hydrogen gas, helping companies
research and develop industrial-use gas turbines that use non-

jet fuel.

[l Creating environment-
friendly aircraft engines

Responsible for mixing and burning compressed air and
fuel, the combustor has a significant impact on an engine’s
environmental performance. In the recent drive to meet aircraft
fuel efficiency requirements, enhanced combustor performance
has been a vital element in improving environmental
adaptability through reduced emissions of nitrogen oxide (NOx)
and other substances.

Jet engine combustors are usually shaped like donuts (rings)
with a series of equally spaced fuel nozzles on the upstream
side. When researchers do development testing on a combustor,
they normally follow a step-by-step process to assess combustor
performance: after starting with a partial model for a single fuel
nozzle (a“single sector”) or a cylindrical combustor,
they then proceed to a “multi-sector” of three
to five fuel nozzles and finally the annular
combustor. To facilitate that process, JAXA has
implemented a high-pressure and high-
temperature combustion test facility that

allows researchers to test single sectors and
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A sample image of OH-PLIF under a high-pressure condition

Combustor inlet air pressure: 700 kPa; combustor inlet air temperature: 760 K

Visible flame

OH-PLIF image

Shown here is an OH-PLIF image obtained by synchronizing laser pulses with the capture timing of a light-receiving device (comprising
a camera and a light-amplifying image intensifier) to the order of several nanoseconds. According to the measurement, the exposure
time (the gate time of the image intensifier) was 20 nanoseconds. The intensity of the white color corresponds to the intensity of the
OH-PLIF luminance.This sample OH-PLIF image was taken at a sampling rate of several Hz with a conventional measurement system.
Now, we are applying a 10,000 Hz system for similar testing conditions.

Flame leading edge (green band)
(Area where the OH-PLIF luminance slope is steep)

The green band corresponds to the area where the
slope of the OH-PLIF luminance strength distribution
is steep. The combustion diagnostic technology
considers this area, located at the flame leading
edge, to be the area that creates heat.

multi-sectors under actual temperature and pressure conditions
and an annular combustor test facility capable of supplying
large airflows.

Another essential element in developing high-performance
combustors is the ability to analyze combustion mechanisms
in detail. Thanks to advances in computational fluid dynamics
(CFD) technologies, we are now gradually getting to the point
where we can produce analysis results that reflect real-life
conditions with impressive degrees of precision—but we
still lack the resources to make accurate predictions of all the
phenomena that can occur with fuel and combustion gases.
JAXA thus used the high-speed OH-PLIF measurement method
(see FLIGHT PATH No. 1/2

for details), which makes

it possible to photograph
flame movements at
high speeds, to develop a
technology for diagnosing

combustion dynamics. The

PLIF (Planar Laser Induced Fluorescence) method measures how
specific molecules distribute in space by photographing the light
that molecules produce in response to an excitement stimulus
from a laser sheet of a specific wavelength. The high-speed OH-
PLIF method, meanwhile, lets users measure the concentration
distribution of the OH radical (a molecule combining oxygen
and hydrogen and an intermediate of a combustion reaction)
at blazing speeds of 10,000 frames per second. By pinpointing
exactly how flame structures move over time via the OH-PLIF
methods, researchers can improve various contributors to
combustor performance—from exhaust gas and combustion
efficiency to heat resistance.

These testing facilities and sophisticated measurement
technologies have allowed JAXA to establish a clearer
understanding of combustion mechanisms and work on
combustors with minimal NOx emissions—in fact, JAXA
researchers have already created a combustor that cuts NOx
emissions by 82% relative to the criteria that the Committee on
Aviation Environmental Protection (CAEP) of the International
Civil Aviation Organization (ICAO) issued in 2004 (CAEP/4). JAXA

is also engaged in research and development efforts geared

Takeshi Yamamoto

Senior Researcher
Chief Manager for Planning
Propulsion Research Unit




High- pressure and high-temperature combustion test facility

The high- pressure and high-temperature combustion test
facility tests partial models of jet engine combustors.

actual usage conditions.

toward reducing NOx by 75% relative to CAEP/6 (issued in
2008)—an even stricter standard than CAEP/4—and ensuring
practical viability of the resulting technology.

If researchers put new components into an engine and
attempt to evaluate the results with the current testing
equipment, however, they have no way of knowing exactly how
the component affects the engine as a whole or whether the
components will function according to plan when the engine
starts up or accelerates. “I hope we can work on implementing
demonstration-use engines, which would provide the infrastructure
for validating the component technologies we develop in a full-
engine context,” Futamura says. “If we can gather demonstration
data on engines, | think we can start building technologies for
doing simulations on and evaluating engine designs. That will help

cut engine development costs by substantial margins.”

Materials test facilities

At these facilities, researchers test
turbine materials and other items under

M Serving as an“all-Japan” research
and development center

Engine-oriented companies, gas turbine-related companies, and
research institutions in Japan certainly have some in-house engine
testing facilities, but the Chofu Aerospace Center is the only
place in the country with such an extensive collection of aircraft
engine-testing equipment. In order to give Japan a competitive
edge in the international aircraft industry arena, JAXA will need
to serve as a research and development center where people
from universities and manufacturers alike can come together
and collaborate. According to Futamura, “Aircraft are a part of
our social infrastructure—and they have a particularly long
lifespan, as well. That's why we have to sustain our technology

development. There’s no point to thinking in the short term. | think

Noise test facilities

Noise test facilities serve to
determine noise sources,
evaluate the effects of noise
reduction devices, check noise
propagation conditions, and
perform other functions.

Annular combustor test facility

The annular combustor test facility tests jet engine
combustors as complete components.

we need to improve on the technologies that our predecessors
have given us, train young engineers, and establish a structure
that can raise the standard on a nationwide, ‘all-Japan’ basis.”
Recent years have seen many examples of multiple
companies teaming up on jet engine development projects.
Thanks to the modular nature of jet engine structures,
individual manufacturers can combine their respective fans,
compressors, and other components into a complete engine.
“Right now, we're involved in joint research with Japanese
engine manufacturers on core engines>—an area where
Japan has never led a cross-border joint development effort,”
explains Takeshi Yamamoto, Chief Manager for Planning at the
Propulsion Research Unit. “When the top-quality technologies
that come out of that effort go into practical use, Japan will be

able to secure a larger chunk of the market.”

*2 The compressor/combustor/high-pressure turbine portion
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During FEATHER (Flight demonstration of Electric Aircraft Technology for
Harmonized Ecological Revolution) flight demonstration tests in February 2015,
JAXA successfully achieved manned flight for approximately 17 minutes at an
altitude of around 600 m. This section takes a closer look at the realm of electric
aircraft technology, where organizations around the world are competing to
establish technologies that could spark aircraft innovation.

Advances in battery technology
have opened up new possibilities for

electric aircraft

"For about ten years now,” says Akira Nishizawa, FEATHER Team
Leader, “electric propulsion technologies for aircraft have been
making rapid progress all around the world.”

One of the catalysts behind that accelerated development
activity was the arrival of the lithium-ion rechargeable battery
(lithium-ion battery). Lead and nickel-metal hydride batteries,
which had been the main power sources before the lithium-
ion battery came along, were too heavy to install onboard
aircraft and often failed to ensure sufficient endurance and
cruising distance levels. A lithium-ion battery—even one light
enough to install onboard an aircraft—has enough energy
density to generate the power it takes for an aircraft to fly. The
introduction of lithium-ion batteries has opened up a world of
new possibilities in electric propulsion technologies for aircraft.

Unlike reciprocating engines, which run on aviation fuel,
battery-driven motors produce no carbon dioxide (C02),
nitrogen oxide (NOx), or any other exhaust gases and also
deliver amazing energy conversion efficiency levels of 90% or
higher. The structures and mechanisms of a battery-powered
motor are simple, too: they eliminate the need for elements

16

like oil piping, thereby reducing the overall engine weight
and cutting maintenance costs. However, batteries lack the
energy capacity per unit of weight (weight energy density) of
traditional fossil fuels. Even a lithium-ion battery, a battery
type with a relatively high weight energy density, needs to
be heavy in order to enable the same duration of flight as a
reciprocating engine; that added weight can prevent an aircraft
from taking off.

That does not mean that electric aircraft are totally
impractical, though. Around 10 years ago, the United States
created a “Light-Sport Aircraft” (LSA) sub-category of smaller,
sports-oriented aircraft that fall into the broader “small
propeller aircraft” classification. As LSA only have to be able
to fly for short periods of time, electric aircraft can meet user
needs. Efforts to develop airworthiness criteria for electric
aircraft in the sub-category are already in motion. The way
things are going, research and development on electric aircraft
are going to be progressing even faster than they have over the
last decade.

JAXA’s unique “redundant motor” and
“regenerative air brake” technologies

engines are prone to accidents caused by engine failure and
the resulting loss of thrust. To help remedy that problem,
the FEATHER project developed a “redundant motor system”
that uses four serially linked electric motors to drive the
propeller. Even if some of the motors fail, the redundant
configuration makes it possible to maintain flight and
complete a safe landing with the remaining motors. Overall,
a redundant motor system makes electric aircraft operations
safer and more reliable than a traditional reciprocating
engine can. In February, researchers tested the motor by
setting the output of one of the motor components to zero.
The results showed that the remaining motor components
were enough to allow the aircraft to climb, maintain the
minimum necessary thrust, and remain safely in flight.

Some companies and organizations outside Japan
are also working on ways of driving the tail rotors of
helicopters using redundant electric motors with two
motor components. If the current efforts are any indication,
redundant motors might represent a key piece in the
development of electric propulsion technologies.

JAXA’s “regenerative air brake,” another unique
technology, uses the rotation of a propeller—which acts
as an air brake—to supply the aircraft with power. Hybrid
and electric cars have regenerative systems that regenerate

Reciprocating engine aircraft vs. Electric aircraft
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Small, single-propeller planes that use reciprocating
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kinetic energy into electric energy during deceleration and
use that new electric energy to charge the vehicle’s battery.
With the regenerative air brake system that came out of
the FEATHER project, an aircraft can recover power as the
wind turns the propeller during descent procedures and
other situations where the electric motor is not powered.
At the same time, propellers that are not using any motor
drive also serve as aerodynamic resistance (air brakes). As
gliders usually have high lift-drag (L/D) ratios, they deploy
air brakes on their main wings during landing procedures
to expedite the descent process. Regenerative air brake
systems not only help save energy but also eliminate the
need for these types of main wing air brake devices, a
benefit that brings the overall weight of the aircraft down
and improves maintainability. Although pilots normally
have to use both the throttle lever and air brake controls,
regenerative air brake systems reduce the overall workload
for electric aircraft pilots—all a pilot needs to do is switch
the power lever for adjusting output from the drive side to
the regeneration side.

The propellers of reciprocating engines and electric
aircraft produce the same aerodynamic noise, but electric
aircraft engines generate less vibration and noise. When a
pilots who flew JAXA's electric aircraft experimental flights
in February went back to flying the same aircraft models
with reciprocating engines, he was apparently surprised at
just how much shaking and noise they experienced. Electric
aircraft also save pilots the trouble of having to check
hydraulic pressure and engine temperature levels, which
are two of the many things that they have to keep an eye
on with reciprocating engines. With fewer items to monitor,
pilots have an easier job of flying their aircraft.

Setting precedents in the
skies with revolutionary

new aircraft ]

To secure flight clearance for revolutionary,

brand-new aircraft, JAXA started implementing
its electric propulsion system in aircraft in
2014, conducted sufficient ground-based
static tests (where researchers rotate the
motor with the motor fixed to the ground),
and performed the necessary ground-based
runway tests (where the aircraft travels on the ground until
it reaches a speed that it would attain just before takeoff).
The Civil Aviation Bureau finally grants flight clearance once
these tests are complete. Immediately after receiving flight
clearance, JAXA conducted jump flight tests—assessments
where aircraft “jump” several meters off the ground. For the
final testing procedures in February 2015, JAXA performed
demonstration flights by sending aircraft into traffic patterns
atan altitude of 600 m.

Ranging from flight clearance protocol and wind tunnel
testing to load testing, discharge testing, full-aircraft ground-
based testing, and flight testing, the breadth of the experience
and expertise that JAXA has gained through the FEATHER flight
demonstration process will be useful resources for electric
aircraft flight tests at Japanese companies and universities.

Could electric aircraft technology be a

Japanese specialty?

For the experiments, JAXA took a glider that had originally

Akira Nishizawa

Associate Senior Researcher
Emission-Free Aircraft Section
Advanced Aircraft System Research
Aircraft System Research Team
Next Generation Aeronautical Innovation Hub Center

Flight testing
at the Japan Air Self-Defense Force’s Gifu Air Base

Specification of the experimental motor-driven glider system

Diamond Aircraft Industries GmbH
HK36TTC-ECO

Original motor
glider

Width 16.33m

Max. takeoff weight | 850kgf (flight tests were performed at 800 kgf)

Max. output 60kW

Crew members

1 person

had a reciprocating engine and modified the configuration so
that the aircraft would run on an electric motor and battery.
Researchers also made sure that the modifications would
not alter the glider’s airframe weight or center of gravity—
conditions that made it impossible to install a heavy battery.
During the February flight demonstration tests, researchers
successfully flew the aircraft for up to around 17 minutes using
a battery that had about 20% to 30% of its power left. Had
they been using an unmodified electric aircraft, however, they
would have been able to load a heavier battery and achieve
longer flight duration.

Looking back on the process, Nishizawa says, “The
technologies are unique products of JAXA's research and
development initiatives. It's really encouraging to know that
we have achieved something that has never been done in
Japan before—manned flight in an electric aircraft.” The
FEATHER project’s efforts to demonstrate an electric propulsion
system may have come to an end in March 2015, but the drive
to demonstrate aircraft electrification technologies is still
pushing forward across the globe.

Just as electric and hybrid cars have given non-automotive
companies inroads into the automotive sector, electric aircraft
technologies have the potential to bring other industries into
the aircraft market. That opportunity for involvement is sure
to accelerate the electrification of aircraft, which requires
technologies for high-performance electric motors, high-
output, high-capacity batteries, fuel cell systems that enable
longer cruising distances, and systems for controlling those
various components. These are all fields where Japan boasts
some of the best technologies available. If the country can
unite all of its cutting-edge technologies in these areas, Japan
will be able to establish electric aircraft technologies that
stand a head above the international competition.
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plastics (CFRPs). However, CFRPs are not able to withstand high
temperatures in hot parts of jet engines and rocket engines.
Accordingly, there is a strong demand for a lightweight and
durable material which can withstand high temperatures.
For example, the bottom of the fuselage of the retired NASA
space shuttle was lined with heat-resistant tiles which protect
the airframe from high temperatures caused by aerodynamic
heating when reentering the Earth's atmosphere. Made mainly
from silica glass, these tiles are extremely lightweight and
provide superior heat resistance, but are as fragile as pumice.
As a result, much attention has been given to ceramic
matrix composites (CMCs) in recent years. Since the 1990s,
JAXA has conducted research for the application of CMCs to
high-temperature structural materials of space planes. Made of
ceramics, C(MCs weigh less than metal, and are highly resistant
to heat and oxidation. Furthermore, the use of ceramic fibers
makes CMCs resistant to cracking. "CMC materials are difficult
to crack and may stay intact even when colliding with a small
foreign object," says Takuya Aoki of the Structures and Advanced
Composite Research Unit. "They have the possibility of
increasing the reliability of space planes.” JAXA has used CMCs to
manufacture prototypes of attitude control thrusters (see top-
right photograph) for spacecraft, and has conducted combustion
tests and other performance evaluation for the prototypes.
Currently, nickel-based alloys are the main material used in
jet engine turbines. However, C(MCs began to attract attention

on a global scale from around 2000, and high-pressure turbine
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of aircraft and spacecraft, are a composite material

in which carbon fibers woven into a flat surface or
three-dimensional shape are solidified using a resin (plastic).
(MCs are made by weaving silicon carbide (SiC) or other
ceramic fibers with a diameter of 7 pm to 20 pm into a flat
surface or three-dimensional shape. Next, raw materials such
as silane gases or organic silicon polymers is injected into the
gaps among fibers, and the raw materials are then converted
into ceramics. This hardened portion is called the "matrix."
However, the CMC will crack easily if the bond between the
fibers and matrix is too strong. Therefore, it is necessary to
moderately weaken the adhesive strength between the fibers
and matrix. Compared to ceramic cups or other monolithic
ceramics which do not use fibers, C(MCs manufactured in this
way are much more resistant to cracking.

CMCs are finally being put into practical application in the
aircraft industry. In JAXA's aFJR (Advanced Fan Jet Research)
project™ , we are working to resolve technical issues arising
from the application of CMCs to low-pressure turbines in
cooperation with a Japanese engine manufacturer. With an
eye on the application of CMCs to next-generation jet engines,
JAXA is conducting research on CMCs which are inexpensive
and can withstand even higher temperatures.

There are several manufacturing methods for CMCs. The
most prevalent of these methods is the polymer infiltration
and pyrolysis (PIP) method. In this method, polymers which
convert to SiC through heat treatments are injected into the

gaps among SiC fibers and then baked to
solidify. Another prevalent method is

the chemical vapor infiltration (CVI)

(from right)
Structures and Advanced Composite Research Unit 2

Takuya Aoki, Associate Senior Researcher
Toshio Ogasawara, Senior Researcher

~
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Comparison of CMC manufacturing methods

method, which consists of infiltrating source gases to enact
vapor deposition of the SiC. In both methods, formation
of the SiC matrix requires from one to two months and the
manufacturing cost is high. The molten silicon infiltration
method consists of impregnating the gaps among fibers
with SiC or carbon powder, and then pouring in melted Si.
Compared to the two methods described earlier, the melt
infiltration method significantly shortens the time required
for matrix formation. However, the processing temperature
when pouring molten silicon is high, so it is necessary to use
expensive SiC fibers which are highly resistant to heat. JAXA is
currently reviewing a "melt infiltration method using silicon
alloys" in which a silicon-titanium alloy with a lower melting
point is poured instead of pure silicon. This method makes it
possible to use inexpensive SiC fibers, and the resulting CMC
has moderate levels of heat resistance. Through this method,
we believe it is possible to reduce cost in terms of both
materials and manufacturing.

(MGs still have a low level of technological maturity when
compared to metal materials and CFRPs. "Although manufacturers
are interested in CMCs, they are hindered from taking action due
to factors such as manufacturing time, cost and profitability,"
explains Toshio Ogasawara. "JAXA seeks to contribute to the
aerospace industry by pioneering research in CMCs."

SiC fibers were invented at Tohoku University, and two
Japanese manufacturers hold approximately 100% of the
global share. Accordingly, contributing to the spread of CMCs
will also contribute to Japanese industry as a whole. "In order
to expand the use of (M, it is necessary to develop a variety
of technologies required for practical implementation," says
Masaki Kotani. "These technologies range from design to
inspection and maintenance. JAXA will continue our work to

make new advancements in these areas."

jies that improve the environmental

compatibility of fans and low-pressure turbines . Refer to FLIGHT PATH No. 1/2.
*2 As of August 31,2015

/
) ~ \ Masaki Kotani, ssocate Senior Researcher
“ g
*1JAXA's project to develop and d aero-engine tec
4&”
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To enable short-term R&D return:

SafeAvio

industry-academia-government

collaboration

I Yielding return with shorter R&D cycle

With a view towards speedy R&D and smooth commercialization
of a system that prevents turbulence-induced aircraft accidents,
the SafeAvio Research Committee was formed in 2012 under the
leadership of Professor Shinji Suzuki of the University of Tokyo. In
addition to the University of Tokyo, Tohoku University and JAXA, the
committee consists of many key players involved in all stages from
R&D to practical implementation, such as airframe manufacturers,
avionics manufacturers, the Society of Japanese Aerospace
Companies (SJAC), and airline companies serving as advisors.
Working towards the shared goal, the committee functions
as an open discussion platform where participating members
exchange ideas and expertise for better solutions from their
own perspective. The initial step has started by developing
and maturing "turbulence detection and information provision
technologies”. JAXA and avionics manufacturers are the major
players leading this R&D phase planned over a 4-years period,
and are currently developing a Doppler LIDAR*2 system which
detects turbulence and provides warnings to pilots. Universities
are cooperating with the R&D by addressing studies on
sophistication and advanced technologies. These studies include
"airflow estimation algorithms" for predicting airflow transitions

from observed data, and "pilot workload evaluation" to find out

conventional R&D.

how pilots react when receiving
the turbulence information as
well as to analyze associated
burden put on pilots. Meanwhile,
airframe manufacturers bring
their own ideas as to how Turbulence
best to mount the completed
detection system onto airframes,
and airline companies provide
feedbacks and opinions on the
pilot interface from an end-user
perspective. Incorporating these
opinions and ideas from the ,
development stage will facilitate
smooth implementation after
commercialization of technology. It will also allow researchers,
engineers and manufacturers to co-produce final products that
function smoothly in actual operational settings and that are
user-friendly. Accordingly, the whole R&D cycle and timeline
towards implementation to commercialization can be shortened

significantly while optimizing operationability and usability.

I Making the most of an "all-Japan" system

Once the initial four-year R&D phase is completed at the end

of fiscal year 2016, the core players

Airline
companies

Operation concept
Evaluation test data

Avionics
design

Joint research for Manufacturing
advanced technology

manufacturers

SafeAvio Research Committee

in the committee will shift to
avionics manufacturers and airframe
manufacturers for commercialization.
Focusing on after commercialization,
the committee has already started
discussion on how to make use of the
detected turbulence information for
realizing safer flight. Firstly, regarding
conditions in the passenger cabin of a
passenger aircraft, a standard model
for 5-minute intervals was proposed
to airline companies. Furthermore,

assuming that turbulence has been

*2 Technology which airflow

Flight control surface

1T

SafeAvio ™ is JAXA’s R&D initiative that seeks practical
solutions to prevent turbulence induced aircraft accidents.
The uniqueness of the SafeAvio initiative is its R&D framework
that accommodates diverse opinions and expertise through
the “SafeAvio Research Committee,” a collaborative community
consisting of universities and the aviation industry including
avionics and airframe manufacturers and airlines.
Let ’s look into what makes the SafeAvio initiative different from

Turbulence detector

Control computer

5 e b %_

Image of clear air turbulence detection system

detected, the committee is conducting a case study regarding
how to convey information to passengers and what behavior
should be taken by cabin crews for each time interval until
encountering turbulence (30 seconds before, 60 seconds before,
etc.). Based on this study, the committee is discussing a draft
of guidelines which include response procedures. Being able
to facilitate such discussion while taking the actual operating
conditions into consideration would be a major feature of the
SafeAvio Research Committee.

The future steps include improving above mentioned
technologies. JAXA has a plan to integrate the turbulence
detection technologies into “gust alleviation technologies”
which automatically suppress shaking of the airframe (airframe
heaving/wing tip vibration) by controlling the flight control
surface with a computational algorithm when encountering
turbulence, and thereby decreasing the risk from sudden aircraft
shaking.

The SafeAvio Research Committee is also working to achieve
the future goal of creating Japanese passenger aircraft featuring
high performance and advanced safety through this all-Japan
system. SafeAvios's industry-academia-government collaboration
has the potential to serve as a model case for other R&D which

seeks to achieve commercialization in a shorter period of time.

*1 SafeAvio (R&D of onboard safety avionics technology to prevent turbulence-induced aircraft accidents) is JAXA's R&D initiative.
The ultimate goal is to reduce turbulence-induced aircraft accident. Technologies under development with this initiative include
a turbulence detection system, information provision system to warn pilots, and gust alleviation technology to automatically
suppress aircraft shaking caused by sudden turbulence. See FLIGHT PATH No. 3/4.

page 20.

by irradiating aerosol particles with a laser and then detecting scattered light. See
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I Requirements for onboard
Doppler LIDAR systems

JAXA is currently researching and developing an onboard
Doppler LIDAR system to detect clear-air turbulence, a cause
of aircraft incidents. Compared to radar, sodar, and other
remote-sensing technologies, Doppler LIDAR makes it possible
to conduct airstream measurements in clear-air conditions at
longer distances.

A Doppler LIDAR system emits laser light into the space in
front of the aircraft, receives the light backscattered by aerosol
particles in the atmosphere, and measures the difference
in wavelength between the transmitted laser light and the
received scattered light to detect aerosol particle movements.
“Aerosol particles,” which refer to tiny airborne particles with
radii ranging from 1 nm to 100 pum in size, ride around the
atmosphere on airstreams. To identify clear-air turbulence,
then, one could measure aerosol particle movements and look
for significant “shifts.”

There are some challenging elements to installing a Doppler
LIDAR system on an aircraft and using it to measure clear-
air turbulence, however. One of the issues is that the amount
(density) of aerosol particles in the air—the key resources for
measuring airstreams—is extremely low at aircraft cruising
altitudes. When an aircraft is flying at an altitude of 10,000 m,
for example, there might only be one aerosol particle with a
grain diameter of at least 0.3 pm per cubic centimeter of air.
Detecting these rare aerosol particles requires better detection

efficiency, which comes from higher levels of laser light output.

How JAXA technologies achieve
higher output levels in smaller
packages

However, higher laser output causes the equipment to
generate more heat and thereby creates the need for large
cooling devices. In other words, you need to achieve two
different, generally incompatible objectives to install a system
on an aircraft: higher output and smaller size. JAXA thus
simplified the detection process by integrating faint signals N
times to isolate the actual signals from the background noise.
To do that, researchers defined the following Figures of Merit
(FOM) to serve as indicators.

FOM=Exv/N

“E"represents the pulse energy of the laser.
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Doppler LIDAR

This section goes deeper into the research going on at
the JAXA Aeronautical Technology Directorate. Although the
details are a bit technical, the content will give you a glimpse

of how JAXA technologies are making the skies a better place.
The first technology in the “Aeronautics in depth” series is
Doppler LIDAR, which detects clear-air turbulence.

Basically, a higher FOM value means better Doppler LIDAR

performance.

Blue: Measurement value
Red: Measurement values
integrated N times

Signal

Signal strength

Frequency

Figure 1: Improving SNR via N integrations

In 2011, after going through several prototypes, JAXA
developed a high-altitude model of a Doppler LIDAR system
capable of detecting

aerosol particles

important design approaches: using near-infrared rays at
1.5 pm and applying the light amplifier-based heterodyning
technique. Near-infrared rays at 1.5 pm—the wavelength
that has the smallest effect on humans—are common in
optical communications, compatible with a variety of parts,
and inexpensive. Light amplifiers, meanwhile, boast strength
in numbers: using more light amplifiers improves efficiency
dramatically. JAXA's high-altitude model uses an optical
waveguide amplifier instead of the fiber-optic amplifier of
previous models as a final-stage power amplifier.

While the high-altitude model weighs 150 kg, researchers

Table 1: A comparison of Doppler LIDAR systems

at aircraft cruising Model E(pJ)) PRF*(kHz) |Average output(W)| FOM(mJ) | Weight(kg)
. JAXA- Developed in 2002 45 50 0.225 1.0 105
altitudes. Table 1 -
developed | Developedin 2006 58 4 0.232 37 51
shows a comparison o4 Developed in 2007 179 4 0.716 13 82
of the correspon- Developed in 2011 1,925 4 7.7 121.7 150
din g per formance Company A (USA; airport installation) 2,000 0.75 15 54.8 2,600
. Company B (Europe; 150 20 3 21.2 N/A
characteristics. As

aircraft fly at high
speeds (covering
12

approximately 10 km

every 40 seconds at

Range (km)

cruising altitude),

* Pulse repetition frequency

Figure 2: Measurement data on clear-air turbulence

Altitude: 10,500 feet

Noise reduction + synthetic range processing

pilots need to detect

conditions from far

Acceleration in the
vertical direction (G)
ol
o &

out in order to avoid

turbulence. The high-
altitude model of a Doppler LIDAR system that JAXA created
in 2011 successfully detected clear-air turbulence 6 km
ahead and 3.2 km above the shore of the Kii Peninsula during
testing in 2012. The

are currently working on ways to bring the overall weight to
95 kg but keep the FOM in the same general range. Testing is
slated to finish up in FY2016.

Figure 3: The heterodyning technique

following year, JAXA

achieved observational

distances of over 9 km

Optical .o

amplifier

.
Transmitted light %0 & s

Aerosol
_particles .

at an altitude of 10 km

(Figure 2)—a level of

precision equivalent

Wind velocity data Beat sianal

to detecting one or
two golf balls floating in a 40-m? pool of water from a distance
greater than that separating the equator from an object in
stationary orbit.

JAXA succeeded in packing that incredible performance

into a compact package that fits on an aircraft thanks to two

]
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[ Effective use of PSP

Pressure sensors have been used to measure the surface
pressure distribution acting on aerodynamic models during
wind tunnel experiments. Although pressure sensors are
capable of high-precision measurement, they conduct
measurement at a point known as a "pressure tap."
Accordingly, the pressure at areas other than pressure taps
cannot be ascertained, and only a limited number of pressure
taps can be installed. Conversely, pressure-sensitive paint (PSP)
measurement can ascertain the pressure distribution over the
entire surface (see Figure 1). Using PSP makes it possible to
reduce the number of pressure taps. This helps suppress the
cost associated with preparations by reducing the processing
of expensive pressure sensors and pressure taps, as well as the
laying of sensor cables.

When PSP containing a mixture of polymers and pressure-
sensitive dyes such as platinum porphyrin (PtTFPP) is exposed
to excitation light, the dye emits phosphorescence (see Figure
2). The amount of emitted light is decreased (darkened) when
the oxygen concentration is high (i.e., when pressure is high)
(see Figure 3). PSP measurement utilizes this property to
calculate pressure from the intensity acquired by cameras.

However, the PSP property in which intensity changes in
response to pressure (pressure sensitivity) changes slightly
for each PSP or model. Moreover, the intensity of PSP changes
according to the temperature (temperature dependence).
Therefore, prior to each test using PSP measurement, the
automated calibration system developed by JAXA is used to
obtain characteristic data for the intensity of light emitted by
test PSP in response to pressure and temperature (see Figure
4). In the case of wind tunnel tests, temperature-sensitive
paint (TSP) is used together with PSP in order to measure

naurics

The second “Aeronautics in depth” examines

the pressure-sensitive paint (PSP) technique

used to measure surface pressure
distributions acting on the aerodynamic

model for wind tunnel testing.

the temperature

distribution for the

model. Pressure is derived

from the temperature distribution data
and from the amount of light emitted by the
measured PSP. This pressure data is revised into
even more accurate data through combination
with the results of simultaneous pressure measurement
performed using pressure taps.

Compensating for the flaws of PSP
measurement

In the case of normal PSP measurement, model surfaces are
painted with pressure-sensitive dye mixed into polymers.
It takes several seconds for pressure changes to reach the
pressure-sensitive dye and a response to be issued. This made
it difficult to conduct pressure measurement for ultra-short
time periods and for irreqular pressure changes caused by
unsteady aerodynamics. In response, JAXA has developed
anodized-aluminum PSP (AA-PSP) coating technology which
eliminates polymers and causes pressure-sensitive dyes such
as transition metal complexes to be adsorbed

Pressure-sensitive paint (PSP) measurement

Figure 1 Anexample
of PSP measurement
Pressure

1 High Differences in the pressure

are transformed into
false colors. Blue denotes
low pressure, while red
shows high pressure. It
can be seen that pressure
is particularly low at the
leading edge of the wings.

fast pressure changes which are the cause of
vibration and noise in aircraft and rockets.

However, in the case of PSP measurement
in a low-speed flow, the small pressure
difference on the model surface causes the
measurement results to be significantly
affected by noise. This makes it difficult to calculate the
pressure distribution with high precision. The current
unsteady PSP measurement uses a blue laser diode with an
optical output of 7 watts and a high-speed camera which
has a spatial resolution of 1280 x 800 pixels and is capable
of taking 120,000 images per second. It is now necessary to
develop pressure measurement technology with a higher level
of accuracy, to develop PSP from which a large amount of
emitted light can be obtained even in a low-speed flow, and to
use a high-speed camera with superior sensitivity.

directly onto anodized-aluminum surfaces. This

makes it possible to cause changes in the intensity 1597

of emitted light during an extremely short period ]

of time (see Figure 5). By using this technology, -

JAXA has conducted the world's first successful Eo.s

measurement of pressure distribution during the

ultra-short time period of 20 milliseconds. JAXA 0 )
has further advanced this technology to realize 100" 10

unsteady PSP measurement in which a high-speed
camera is used to measure the emitted light. As
a result, it is now possible to measure extremely

r

Excitation light (ultraviolet/visible) Emission light (red)

(CD camera
Photomultiplier tube
Photodiode
00,
°

Discharge lamp
Laser
LED

0Oxygen quenching

o Oxygen molecules
°
80

©09%°%%28 PSP layer
(approx. 40 to 60 pm)
*Pressure-sensitive dye
*Polymer

*White undercoat

Model

Figure 2 PSP structure

First, a white undercoat is applied as base layer. Next, the base layer is

covered with PSP layers which are a mixture of solvents, polymers and

pressure-sensitive pigment (fluorescent pigment) such as platinum

porphyrin. When the pressure-sensitive dye is illuminated by excitation

light including absorption wavelength (purple in the case of PtTFPP)

using a light such as a xenon lamp, the pressure-sensitive dye is excited
k and luminescence is emitted (red in the case of PtTFPP).

Excited singlet state

\ Excited triplet state
.

Phosphorescence
. Thermal ul
Absorption ivati
deactivation Huorescence Oxygen
Thermal eiding

deactivation

Ground state

Figure 3 Reaction process for photoexcitation molecules

The pressure-sensitive dye absorbing excitation light transits to
excitation state. When returning to a ground state, the emission of
phosphorescence during this process results in energy consumption.
If there is a large amount of oxygen in the surrounding area, a portion
of the excited emission energy shifts to oxygen molecules and the
emission of phosphorescence is reduced. This causes pressure sensitivity
(oxygen sensitivity) to occur in the emission intensity.

_/

50 ~30

Pressure P (kPa) 0 Temperature T (°C)

Figure 4 Example of PSP pressure and temperature characteristics
Gl

™

result using the C system developed by JAXA Significant

gradient in the pressure direction (pressure sensitivity) and slight changes in the

direction ( e) are observed.

| P P

Figure 5 Wind tunnel model with AA-PSP coating

Test model keeps a metallic luster since only pressure-sensitive dye is absorbed after
anodizing.

21



o nits electric

JAXA completes successful flight tests 0

pulsion system forai
THER (Flight demonst '
i n hopes of establishing an electr
e use.
lider, which uses
stead

rcraft
» ration of Electric hircraft Technology

JAXA has been working icpropulsion

for Harmonized Ecological Revolution) project!

1) has eno 0US pote tia for futu
Syste ) for al craft, a ted olo ythat S

= a JAXA-developed redundant motor in h
. ) o has
of a conventional reciprocating enginé,

successfully completed runwa‘y testing an:(i.l
jump flight testing at Otone Alrp?rt (lbar.a

) and other sites. During testing
pan Air Self-Defense
n February 2015, the
round the

Prefecture
procedures at the Ja

Force's Gifu Air Base i
w a traffic pattern @

An electric motor glider equipped
with JAXA'S redundant motor

of approximately 600 m and fle

aircraft rose to an altitude
runway for roughly 17 minutes.

These test results have
sary levels of performance

i i delivers the
demonstrated that JAXAS electric propulsion system -
e ( |
(in terms of motor output, torque, battery vo\ta?e, -
ted the fault tole
iti ests also corrobord : .
R . he event of 3 partial electric

hich keeps the aircraft airborne in et
he remaining motor components, and s

perly during descent procedures.

neces
and system temperature,
of the redundant motor, W .
motor component failure by using t

nerative air brake functions pro

“ n FEATHER.

See page 16 for details 0

JAXA officially partners with DMAT to work on D-NET
and D-NET2 research and development efforts

JAXA'is currently working on the research and development of Disaster Relief Aircraft

Information Sharing Network (D-NET) and Integrated Aircraft Operation System for Disaster

Relief (D-NET2).* These systems will increase the efficiency of disaster relief operations b
enabling data sharing among ground stations and airborne vehicles, The key to making thesZ

systems useful is to have them verified and tested by those directly involved in emergenc
response. Thus far, JAXA has forged agreements with the Fire a .
Agency, which manages and operates firefighting and disaster relief helicopters, as well as
the Kobe City local government and other related organizations. JAXA also sig;led anew
partnership agreement with the National Disaster Medical Center in April 2015, paving the
way for the development of an effective system for the emergency disaster medi,cal field and
joint evaluations with professionals in disaster medicine.
The Disaster Mediical Center has been the head
Team (

nd Disaster Management

i quarters for the Disaster Medical Assistance
AT), a group that conducts rescue activities in disaster situations, and continues

to maintain and improve EMIS (the Emergency Medical Information System), which allows

medical institutions across the country to share information on conditions ik
status and streamlines medical activities in disaster-response efforts, By colla
the Disaster Medical Center, JAXA will be able to contribute to safer and more efficient

operations of medical service helicopters units and other resources that play a vital role in
emergency disaster medicine.

* See FLIGHT PATH No. 7/8 for more information.
—_—
v

e operational
borating with

Participants undergo the Cabinet
Office’s wide-area medical
transportation training program
on August 30, 2014. JAXA
installed a D-NET2 terminal at the

National Disaster Medical Center
(in Tachikawa-shi, Tokyo) and had
personnel evaluate the system.
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Explore to Realize

DAHWIN and Doppler LIDAR win MEXT’s Prizes for
Science and Technology

JAXA's DAHWIN (Digital/Analog-Hybrid Wind Tunnel) and onboard Doppler LIDAR system
technologies recently took home Prizes for Science and Technology (in the Development Category)
at the 2015 Commendation for Science and Technology by the Minister of Education, Culture,
Sports, Science and Technology, the latest in a series of accolades that the Ministry presents to
those who have made noteworthy contributions in the fields of science and technology.

The DAHWIN technology combines wind tunnel testing with computational fluid dynamics
(CFD), creating an integrated environment where users can do preparatory work effectively, get
easy access to comparative displays, and analyze and fuse data for both areas in a centralized
system. With the benefits that DAHWIN provides, users have been able to improve overall
efficiency and reliability levels at the design stage in the development of aircraft and spacecraft.
The onboard Doppler LIDAR system, meanwhile, detects turbulence—the phenomenon
triggering roughly half of all passenger aircraft incidents. Weather radar has never been able to
locate clear-air turbulence, which JAXA’s LIDAR system uses laser light to identify. By enabling the

detection of clear-air turbulence, the system has made valuable contributions to improvements in
aircraft safety.

Awardees for DAHWIN (left) and the Onboard Doppler LIDAR system (right)
pose for the camera after the commendation ceremony on April 15

In recognition of its advanced initiative, JAXA's Disaster Relief Aircraft Information Sharing

Network (D-NET) also received an excellence award at the first Japan Resilience Awards from the
Assodiation for Resilience Japan.

Published by: Aeronautical Technology Directorate,
Japan Aerospace Exploration Agency(JAXA)
7-44-1 Jindaiji Higashi-machi, Chofu-shi, Tokyo 182-8522

[All rights reserved] The contents of JAXA aeronautics magazine “FLIGHT PATH” may not be reproduced or

“ALWIN’, a joint development project between JAXA and the Japan

Meteorological Agency, gets ready to go into practical use

s announced that it will launch system development
" (ALWIN), which the organization has
gin FY2016.

The Japan Meteorological Agency ha
to prepare the “Airport Low-level Wind INformation’ wh
researched and developed with JAXA, for practical applications beginnint
Low-level windshear*' and the turbulent wakes created by topographical features or the
s are some of the main causes of aircraft accidents and go-arounds.
Detecting these types of turbulence is of crucial importance for a?rlines in ensuring safe,l:in—
time performance. The Japan Meteorological Agency has installed alrport V\'leather Poppler I| ar
and Doppler radar systems at several airports to provide operators with '|nf9rmat|on on ow
level windshear risks. However, the current radio-based verbal (ommumcatlon'sys‘tem limits
the wind information that pilots can receive in the cockpit to windshear alert,}wh'lch is so-called
“req-light” information. Such alerts occur only when the risk of an accident is hlghly Probjb!e.
This means that pilots have little information on winds that are not as sever'e a% red—hght but
serious enough to cause service disruptions. In fact, the lack of this level of wind information has

buildings around airport

resulted in go-arounds and missed approaches.
Using the weather information technology that JAXA has u
ct. ALWIN makes it possible to inform airline dispatchers and pilots of this impo

developed through the DREAMS
j rtant wind
roje
?nf(])rmation called “yellow-light” information, that
help pilots judge the severity of windshear. By using
a datalink system named ACARS*?2, pilots can obtain
the latest wind information in a timely fashion. Given
its versatility and benefits, ALWIN will help boost the
safety and efficiency of aircraft operations.

*| Rapid changes in Jower-atmosphere wind )
%) Automatic Communications Addressing and Reporting System
(a datalink system in use on most passenger aircraft)

Graph-tiasedinformation @dwindg
ALWIN wind infor

Displays wind data from ALWIN
in the cockpit

reprinted without prior permission from JAXA. For queries, please contact the JAXA Aeronautical Technology Directorate.



A and JAXA hold meeting on

Top executives from NA
peration

aeronautics research and coo
ASA and JAXA metin Paris for a meetin!
f the 51st Paris Air Show in June 2015. Participants
d Associate Administrator Jaiwon Shin of the

d JAXA President Naoki Okumura and Director
ectorate. This was the first

Four top executives from N g on aeronautics research
and cooperation on the occasion 0
ASA Administrator Charles Bolden an
on Directorate, an!

hi of the Aeronautical Technology Dir
cutives exchanged their views and opinions

were N
Aeronautics Research Missi
General Kazuhiro Nakahas|
_face opportunity where the four exe

face-to . .
on aeronautics research. The agenda included both international and bilateral topics and
cooperation. .

i role in the International Forum for

Both NASA and JAXA have been playing major

Aviation Research(IFAR), a unique international netw . :
JAXA has been serving as |FAR Vice-Chair and is t0 take over the position of IFAR Chair

from NASA in October 2015. At the meeting, JAXA expressed sincere gratitude for ho.w

1 has been promoted under NASA strong leadership of IFAR, while
he role of IFAR Chair. NASA also expressed expectations
public aeronautical research institutions in the

ork of aviation research institutions.

international cooperatio
NASA pledged to support JAXAn t
for JAXA to assume further leadership for
Asia-Padific region.
Other topics raised
research by NASA and JAXA. Ongoing efforts being m:

dards for sonic booms were among them. The top man A
on to continue to enhance their cooperative relationships

t the meeting included successful results achieved through joint
ade toward formulating international
t agement meeting between NASA
stan
and JAXA reaffirmed their intenti
as outstanding partners in the future.

*|FAR s the world's arch establishment network, established
in 2010 with the aim to connect research organizations worldwide. Currently, |FAR consists
(See FLIGHT PATH No. 1/2 for details)

only international aviation rese

of 26 member institutions.

(NASA), Charles Bolden (NASA),

left: Jaiwon Shin "
Naok and Kazuhiro Nakahashi (JAXA)

Naoki Okumura (JAXA),

Ceramics matrix
composites (CMC) testi
: in
Proposed by JAXA is adopted as JIS standirdeth()d

zﬁ:XA aIA'Id‘ the Japan Fine Ceramics Association
CA) jointly proposed two testing methods

f . . 1
or ceramics matrix composites (CM() J’s

(see page 18): the “Testi :
* the “Testing method fo :
r e Jls

@ i ) e
mpressive behavior of continuous fiber ey

reinf . -

orced ceramic composites at elevated . ukgzgz;:;:m

temperatures” and the “Te ti / e Sz
sting method for Wl

cre i i

ep behavior of continuous fiber-reinf 45 Stand
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€ use o gtWegtadStogc J (cabo ber re OCEdPﬂStCS) aircraft

omponents is increasing every year. However, CFRP recydling technology has yet to by
established, despite a probable need in th:
future. As such, this technology is attracting
attention on a global scale. JAXA developed
recycling technology and used it to recycle
high-quality CFRP for aircraft. We then used
the recycled CFRP to manufacture a life-size
winglet model. Through this prototype, we
confirmed that it is possible to manufacture
complex structures using recycled CFRP.
JAXA will continue to conduct R&D for'
CFRP recycling technology with the goal of
realizing practical application.

Life-size winglet mod
el manufact
from recycled CFRP technology e

Overhaul and upgrade of pyramidal six-component
balance for JAXA 6.5 mx5.5m low-speed wind tunnel

From October 2014 to October 2015, JAXA
is performing overhaul and upgrade of
the pyramidal six-component balance
(pyramid balance) for the JAXA 6.5 m
%5.5 m low-speed wind tunnel. Installed
under the floor of the test section, the ) e ]
pyramid balance is the wind tunnel’s key Vi 4 o %
component that supports test models via Trapsportipg the disassembled structure
for inspection and upgrade
the support device and performs precision
measurement for a total of six aerodynamic forces and moments exerted on the model:
drag, lift, lateral force, pitching moment, rolling moment and yawing moment. The complex
mechanisms incorporated into the pyramidal structure enables the balance to detect
minute changes in force while supporting the heavier model.
The JAXA 6.5 mx5.5 m low-speed wind tunnel at the Chofu Aerospace Center started
operation in 1965. Over the following fifty years, the pyramid balance had been used in
many wind tunnel tests as a very important component of the largest low-speed wind

tunnel for aircraft in Japan. In response to the concern that measurement accuracy will
decrease due to deterioration and wear occurring over the years, JAXA decided to conduct
a large-scale inspection which involves complete disassembly of the balance. This is the
e | first time that such a project has been
conducted. After having completed a six-
month period of overhaul and upgrade at
the manufacturing plant, the balance is now
undergoing the final assembly stage back
to the Chofu Aerospace Center. This project
will restore the wind tunnel to its potential,
enabling it to be used for a variety of tests in

inspection and upgrade the future.





