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Towards a safe, secure and prosperous society
— contribution through the research and development of aeronautical technologies
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The JAXA Aeronautical Technology Directorate prioritizes research and development that contribute to the following goals:
® Enhancing international competitiveness of Japan’s aviation industry

® Increasing the safety of air transportation and fostering secure society with aircraft

@ Contributing to breakthroughs in the air transportation of tomorrow

To implement these goals strategically based on government policies and social needs, the JAXA Aeronautical Technology
Directorate promotes a three-pillared R&D program and fundamental research that underpins them.
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In order to enhance the competitive edge of the Japanese aviation industry further and propel the development of air transportation systems, JAXA Aeronautical Technology
Directorate encourages collaboration with diverse stakeholders across sectors and borders. Bringing together expertise and knowledge via mutually beneficial collaborative
research both at home and internationally, JAXA aims to cultivate human resources and innovative technologies that will benefit industry and society as a whole.
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Stimulating innovation in aviation

JAXA Aeronautical Technology Directorate facilitates collaboration across various sectors and industries to bring about new
values to society by open innovation. With its Next Generation Aeronautical Innovation Hub Center as a focal point, the
Aeronautical Technology Directorate proactively addresses needs-oriented themes to deliver tangible outputs to industry and B Al NS

society, while also cultivating innovative ideas and seeds that would bring greater impact to society. BTy el

Open innovation

Major research and development topics include WEATHER-Eye (Weather-Endurance Aircraft Technology to Hold, Evade and '”Egacﬁi;’te‘/s éhi%%gggiﬂt Highsimpactioutputs

Recover by Eye) technology, emission-free aircraft technology, smart flight technology, and disaster relief aircraft operation

technology. To ensure collaboration across sectors and industries, we have also established collaboration frameworks such

as the WEATHER-Eye Consortium, the Software Certification Technology Initiative for Aircraft Equipment and the

Electrification Challenge for Aircraft (ECLAIR) Consortium. Through these activities, JAXA promotes industry-academia- A= 7> 1 /N\—> 3> RUIAIHMBEDRIL
. — . . Creating new value through open innovation

government collaboration, bringing people and knowledge together for open innovation.
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International partnerships
Working together with the world

JAXA Aeronautical Technology Directorate works closely with overseas public aeronautical research
institutions, private companies, and universities, strengthening technical capability by engaging in a
variety of mutually beneficial and complementary joint research activities. These range from fundamental
research to flight tests that demonstrate promising new technologies in real flight environments. Through
these international collaborations with global partners such as NASA, JAXA researchers gain valuable new
insights and knowledge, while aiming to create synergy in tackling global challenges facing aviation today
and in the future. Furthermore, in order to promote mutual understanding across national and cultural
borders, JAXA engages in personnel exchanges with these partner organizations. Also, JAXA is one of 26
members of the International Forum for Aviation Research (IFAR), the world's only public aviation research
establishment network. Through IFAR's multilateral framework, we are building collaborative relationships
with research institutions around the world, while exploring opportunities for technical cooperation and
human resources development.
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Environment-Conscious Aircraft Technology Program
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Enhancing international competitiveness of Japan's aviation industry
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Airlines transport more than 4.3 billion passengers in 2018, and air traffic volume is projected to continue growing at an annual rate of 4.4% and more than double
in size (by a factor of 2.3) over the next two decades.* On the other hand, there are growing concerns about increases in aircraft noise and emissions such as CO»,

making the need for aircraft that are both more environmentally friendly and more economical greater than ever. In the field of civil aviation, economic efficiency and
environmental performance represent key factors in market competitiveness.

The ECAT program aims to develop and mature advanced technologies that can reduce aviation's environmental impact by making collaborative efforts with industry
partners. Major R&D under the ECAT program includes 1) core engine technologies for ultra-high bypass engines, 2) engine noise-reduction technologies, 3) airframe
noise reduction technologies for landing gear and high-lift devices, 4) low-drag and low-noise airframe technologies, and 5) technologies for reducing overall weight
through expanded use of composite material. The ECAT program will thereby contribute to creating a sustainable and prosperous society and support further growth
of the Japanese aviation industry while enhancing its competitiveness.

* Worlawide Market Forecast 2019-2038 and Civil Aviation Market Data Book 2018 published by Japan Aircraft Development Corporation (March 2019)
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Safety Technology for Aviation and Disaster-Relief Program
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Enhancing the safety of both aircraft and the society we live in
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Demands for aircraft with enhanced safety is increasing as the projected growth in air traffic also involve the risk of more accidents. Responding to frequent natural

disasters and meeting the ever-diversifying needs in the field of crisis management as flexibly and quickly as possible, meanwhile, will require safer and more efficient
use of both manned and unmanned aircraft.

The STAR program encourages R&D that makes aircraft operation safer and helps ensure the safety and security of society through the use of aircraft. Examples include
detection, prediction, and prevention technologies to protect aircraft operations from the threats of special weather conditions (turbulence, snow and ice, lightning, and
volcanic ash, etc.) and human error, which represent the major causes of aircraft incidents. Not only will the R&D thus make aircraft operation safer and more efficient,
but technological transfers of the research outcomes will also benefit the international competitiveness of Japan's equipment manufacturers. Other focus areas include
the R&D of integrated aircraft operation management systems for disaster relief and crisis management, which aims at improving the efficiency and safety of aerial
capabilities in responding to natural disasters and managing crises (security and warning frameworks, for example) through the integrated and efficient use of aircraft,
satellites, and other aerial assets. The effort also involves work on technologies for operation management and flight capability enhancement, which aim to make more
effective use of helicopters and unmanned aircraft. All together, the program aims to help create a safer, more secure society on a far-reaching scope.
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Fostering safety and security with aircraft
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Sky Frontier Program
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Contributing to breakthroughs in the air transportation of tomorrow
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Faster, greener, and more accessible and usable from anywhere and at any time. Air transportation systems with speed and mobility are indispensable in our
socioeconomic activities, whether for search and rescue or for long distance travel, and need to meet the evolving demands of users in a changing society.

To satisfy these diverse demands, JAXA's Sky Frontier program is exploring the frontiers of air transportation and working to open new doors for aviation through
research with a long-term outlook. By striving for high speed (supersonic aircraft), applying alternative energy (electric and hybrid propulsion systems), and pursuing
mobility (high-speed compound helicopters), JAXA is creating innovative aircraft concepts and key enabling technologies to bring about innovations in air transportation
systems.
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High speed
(supersonic aircraft)
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Quiet supersonic aircraft (concept) Flight demonstration project to reduce sonic booms
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Alternative energy
(electric and hybrid propulsion systems)
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Emissions-free aircraft (concept) Electric propulsion system
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Mobility
(high-speed compound helicopters)
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Compound Helicopter (concept) Analysis of flow fields around compound helicopter
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Aeronautical Science and BasicTechnology Research

Science & Basic Tech
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Creating new technologies for the future
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JAXA Aeronautical Technology Directorate plays an important role in pursuing fundamental research that will lead to new technologies, and continuously enhances
its experimental and analytical capabilities to support aviation and space research activities both of JAXA and industry.

Through carrying out fundamental research into aerodynamics, engines, materials and structures, numerical analysis, and flight mechanics, as well as by maintaining
and enhancing Japan's large-scale test facilities, JAXA Aeronautical Technology Directorate supports diverse research and development activities in space and the

sky from behind the scene.
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Integrated Simulation Technologies

Improving the performance of aircraft requires solutions to complex and multi-physics
problems. Integrated Simulation Technologies aim to efficiently find solutions by integrating a
wide variety of simulation technologies including wind tunnel testing, flight testing and so on,
with a focus on computer-based numerical simulation technologies. Applying highly reliable
numerical simulations validated by experimental data in the early stage of aircraft development
makes final products more complete, allowing for accelerated development at lower costs. As
the first step in this process, we are currently constructing a cyber-physical system, ISSAC*, by
which we can predict the performance of aircraft in the full flight envelope including not only
cruising conditions but also off-design flight conditions.
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* Integrated Simulation System of Aerospace vehiCles
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Structures and Materials

In order to create strong and lightweight structures for aircraft, weight reduction of materials
is needed together with technologies that get the most out of the attributes those materials
possess. With major focus on studies into lightweight and strong composites which are ideal
for aerospace applications, JAXA is taking a multifaceted approach to studying materials and
structures on various scales from micro to full-scale sizes. This includes strength prediction
methods, optimum structural design methods, aero-structural coupling (aeroelasticity)
phenomena, molding technologies and measurement techniques. We are also conducting
research on structures and materials in the extreme environments of ultra-low and ultra-high
temperatures, with the goal of application in engines and spacecraft structures. JAXA is also
contributing to the standardization of testing of materials (JIS and ISO standards) to enhance
the competitiveness of Japanese aerospace industry in the global market.
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