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Personal Expeine: 1991 - 2006,
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Flight test of an unmanned Schweizer 300C helicopter Prototype Kawada RoboCopter Development and test
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HK-MAV (SAT-UAV) Development
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Personal Experience: 1991 — 2006, Kawada Industries, Inc.

Humanoid Development (Motor drivers and attitude estimation)

Prototypes for University of Tokyo Demonstration of HRP together with AIST (EEFHT)

2021/5/10 JAXA PROPRIETARY



Current productions of Kawada Robotics, Inc
https://www.kawadarobot.co.jp/
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Personal Experience: 2006 —, JAXA, Rotorcraft R&D
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Personal Experience: 2006 —, JAXA, Rotorcraft R&D
Numerical Analysis Flow
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Construction of a Multidisciplinary Analysis Toolchain for Rotary Wings
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Personal Experience: 2006 —, JAXA,
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Methodologies and samples of results of rFlow3D/JANUS
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Personal Experience: 2006 —, JAXA, Rotorcraft R&D
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Result samples of rMode and rNoise

BVI noise reduction test
using active flaps

UAXA PROPRIETARY]



R & D of variable pitch-controlled

R & D of a concept of high- multirotor drones [funded by IMPACT and
speed compound helicopter KAKENHI (Grant-in-Aid for Scientific Research) ] .
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Ground Effect for a Quadrotor
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Noise prediction for a virtual eVTOL AXA
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- electrification by

Akira Nishizawa (Presented by Yasutada
Aeronautical Technology Directorate
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http://www.aero.jaxa.jp/about/hub/eclair/index.html
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: e e Thoughitis difficult for JAXA alone to
Established JUIy 1,2018 P Ultra-low fuel consumption, tackle the issue of "electrification”,
Electrifical it ;es::ﬁ?a?tig‘n%?é;riglssizl:rf‘ree there are a number of domestic
ectririca 'o i companies with high potential with
ChaLlenge for AIR electrification technology.
Cooperation Z -
Assemble different fields Consortium (EC . N
eering C " . In July 2018, the "Electrification
Aeronautical industry " ﬁﬁ,,"ggrp;?ﬁg:: 28 amEerst Challenge for Aircraft Consortium*” was
e Qg\f;i:pﬁesr"?n= Japan Aerospace Exploration Agency (JAXA) e§tabllshed. Wlth this consortium, we
Kawasaki Heavy Industries, Ltd. | / aim for technological development and
\ Minkstryof. Econony, Trade/andndustng ‘® Electrification of fortification of globally competitive
‘ Subaru Corporation small aircraft
Japan Aircraft Development Corporation @ Electrification of ::jeChrl‘Ology pOV}/el[’] th,fat a.re n ec?ssary for
i . Hitachi, Ltd. components eve Oement9 the emission-iree
L Eleftrlfled propulsion Mitsubishi Heavy Industries, Ltd. aircraft" enabling the realization of
. Z):-:sr:dr;namics- Mitsubishi Heavy Industries Aero Engines, Ltd. drastic reduction of CO, emission by .

Mitsubishi Electric Corporation Combining Japan's world class

electrification technology and aviation
technology.

Mechanics - Control
® Ground/Flight tests

[Observers]
AIATS, SJAC, MLIT Civil Aviation Bureau, NEDO,
The University of Tokyo, ATLA, MEXT

Elg:tsrti:yal industry, raw material/parts Industry x Academia X Covern

® Electrification elements s , I: '
(Battery, power electronics, motor, ...) Nexltnﬁgc:tl}gtr:onlﬁeron Application to fields Utlllze ‘Japan S Strength

® Peripheral technology (JAXA Aeronautical Techn outside aviation by Cooperating with

Directorate)

Electrification ChalLlenge for AIRcraft (ECLAIR) Consortium various sectors.
rﬂa'://fanfun.jaxa.jp/jaxatv/detail/12230.htmI
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@ Societal background: Demand for air transportation will increase to 2.4 times in the @ Purpose of Consortium: Through cooperation and partnership both with aeronautical engineering and other fields,
next 20 years. create innovative technologies for electric aircraft in order to drastically reduce the impact on environment such as

@ CO, emission reduction target for aircraft: To achieve "half of 2005 by 2050", in CO, emission, and contribute to sustainable development of aeronautical industry.

addition to introduction of bio-fuel, the innovative technology for electrifying propulsion is ® Significance of formulating Vision for The Future: By sharing the directionality and making communication and
essential. cooperation smooth among the consortium participants, promote research and development toward realization of

@ International technology trend: Reached the level of practical electrified propulsion electrifying aircraft and help expand the range of the participants. (The Vision for the Future shall be refined, and it will
system for small aircraft. be updated according to the changes in the trend.)

Summary of the Vision for The Future Practicalimplementation and contribution to global aeronautical industry

2050's: Reach the

2020's: Start implementation of 2030's: Expand application of 2040's: Greatly reduce the ¢ deal | of

electrification technology for low power electrification technology to fuel consumption of ! lea pra 2 |

use (small electrified aircraft and MEA).  commercial aircraft (Smaller than ~ aircraft with electrification ~ €lectrification. Clear
narrow body). as the core technology. contribution to CO,

reduction.

(®Up to wide body @ldeal case

@Smaller than
narrow body

DSmall (OMEA
aircraft MEA (More Electric Aircraft)

2020 2030 2040 2050
Important technology iSSUES i Technology road map ) -
A) Common to all altitudes Progress of - T -— :
oSSR e o Vision for Future 2 @Wide ] Dideal
o;g @; ,Q:’: ‘;, E t 15000m ¥ MEA technology [Narrow body | Wide body :evellopm?nl
5—E—%5— & = sol ssenger evelopmen
’W ‘g_ EE— ;_ z :I E \g 8000 L o P.:Ircr::“ p.alrcn;!.. ofaircr':fl 1
B) High altitudes . H =) 96> | 86° |22 |eee R
(O Smaetzg 182123 2] I 1 D iconment
LR 6000 |- T———— s, | e
| e [, | ==
8 : 2 ™ g 0204
| i iemeny | :‘% N g p 500m &y i : : dovatopmant Y
C) L Ititud © i E ! ! auwgln:uwum:aonlmummn
) Low altitu er@ — L L j 3 M&"pfit‘yu,@ : ; : Total o e T
- — — 5 i Ranlh)al H E : il ncll o), Choice of method | Analysis of high risk technology concept |
_— — - : J H Feasibility study
Important technology issues 100k M Lam oM 25M Fomlat srstgy 2030
® For commercial aircraft, solving the technological issues ) &—0-0 ® Conduct ground test and flight demonstration with an appropriate timing for
of adapting to high altitude environment is essential. The e A e e e practical implementation.
high power density and adaptation to high altitude I portant t€cnnology | ¢ ‘The common technology such as the high power density of the electrical element
environment are specific to aeronautical engineering and issues and their implementation target. can be applied not only to commercial aircraft but also to MEA and small
. \I’:VI'[h hlglh ptr'lomyfu ban Al Mobilty (Fly \ th electrified aircraft in the early stage.
or realization of Urban Air Mobility (Flying car), the
technology for low altitude operation is important. ECLAIR web site: http://www.aero.jaxa.ip/about/hub/eclair/index.html  E-mail to (Consortium office): eclair_sec@ chofu.jaxa.jp
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Early stage electric hybrid system which is easily applicable to commercial aircraft. Relatively high risk system.
4 N ( )
Secondary battery
Mym Battery . /
_ i Tail section fan (BLI)
Electric motor Battery Generator Turbo shaft
. . . . g
® Parallel hybrid ® Series-parallel-partial hybrid _ _
® Twin engines ® Twin engines + Elec. fan aft fuselage ® Series hybrid _
® Multi-distributed fan design I
v' Departure from conventional
v' Possible to continue conventional Tube&Wing design mostly as is. Tube&Wing design
v' Possible to suppress the electrification power level to small values. v’ Electrification power level is maximum
\. J J

® As an early stage electric hybrid system for commercial aircraft, systems such as parallel
hybrid and series-parallel-partial hybrid are the strong candidates as these can continue the
conventional Tube&Wing design and suppress the electrification power level to small values.
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Map of Technological Challenges (1/2 Reduction in Fuel Consumption)
ion i 2¢Note: Here, technologies only for
f F\’Ieductlon I?. —< small aircraft and those common to
LA CURASLIRW QM both passenger and small aircraft
Target are described without distinction.
Issues Improvement in Weight Improvement in Improvement in
thermal efficiency reduction propulsion efficiency lift/drag ratio
N N . ;
N [\ ( Aerodynamic/structural design
technology
%1 : BLI(Boundary Layer Ingestion) . N .
%2 : BWB(Blended Wing Body) (BLP'«L, mUltI-dIStrlbUted, BWBXZ)
Applicable ( . Next generation Electrification\
. L Hi ici L1 i : SiC, GaN :
technology field bilg aiiciacy, raaiap g ROWAS dRasity; Maias poe high performance _technology
electronics Next generation
— High efficiency generator — High power density generator high performance
o " o ioi vance!
— High efficiency inverter ! High power density inverter Li-ion battery heat resistant insulation
Quick power material material
— High efficiency converter — High power density converter charge Post Li-ion
battery Advanc:_ed (ﬁ)c:]\aahnctiﬁ]d
— High capacity storage cell — High energy density storage cell el %2?235? materialg
—{ Low loss power transmission | |— High power density auxiliary equipment Combined cycle tﬁgfq’ﬁgfg‘iﬁ/
- v e : : — Fexﬂﬁgitm sensor Digital twin
ow loss breaker/distributor Light weight liquid hydrogen tank mcaag}%ﬁgﬁk Al SUper
) — ducti
High efficiency fuel cell — High power density fuel cell oo Connected
et
— High efficiency cooling system ||— Advanced technology material Supegzg\p{eﬁcmg
\ transmission
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Extraction of Important Technological Issues

Classification - Important Technological Items (Summary) Elements/System

Important technological
issues common to all
altitudes

Electrification ChaLlenge for AlRcraft (ECLAIR) Consortium

High power density

(Feasibility for weight secured; heat-resistance, cooling, and heat dissipation

for securing running time with maximum power output.)

Compatibility of safety in batteries and high energy density
(Compatibility of containment of runaway over-heating risk and high energy
density of the cell system as a whole.)

High efficiency
(Improvement of propulsion efficiency by BLI and distributed propulsion
system, improvement of heat efficiency of propulsion system.)

Assurance of safety and reliability
(Assurance of safety and reliability of the system with increased failure rate
due to addition of electrification components.)

Electrical elements (electric motor,

generator, power electronics, batteries,

circuit breaker, distributor, electrical
wires, etc.)

Batteries (Power storage)

Integration of propulsion and airframe
system, hybrid system, electrified
elements.

Electrified propulsion system, hybrid
system, electrified elements.

B)

Important technological
Issues only in high
altitude environment

Withstanding electrical discharge and radiation
(Managing high voltage element, system discharge, and radiation effect in
high altitude environment)

Heat and power management and control
(Heat and power management under low air density and high temperature
environment in and out of the gas turbine engine.)

Power electronics, electric motor,
generator, electrified elements.

Electrified elements, electrified
propulsion system, hybrid system.

C)

Important technological
Issues only under low
altitude operation

€)
’
.

Fault resistance
(Fault resistance and fault tolerance design against emergency landing or
continued flight with propulsion system failure)

Low noise
(Reduction of aerodynamic noise from fans and propellers)

Electrified propulsion system.

Fans, propellers.

')/
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Aeronautical Innovation Hub Center Japan hesospare
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2020’s: Start implementation of 2030's: Expand application 2040’s: Greatly reduce the ~ 2050's: Reach the ideal
electrification technology for low of electrification technology ~ fuel consumption of aircraft ~ goal of electrification.
power use (small electrified aircraft ~ to commercial aircraft with electrification as the Clear contribution to CO,
and MEA). (smaller than narrow body).  core technology. reduction.
- - - ‘,-t...,..‘
POl eSS0l Vision for Future DSmall DOMEA R (DNarrow QL —
Development
Development oo
of aircraft
Demonstration G: Ground
environment F: Flight
UL Electrified system Electric hybrid Electric hybrid
development/ el s
integration MEA system
RS
Fault resistance Low noise Combined cycle, ® Conduct ground test and flight
l-l use of liquid hydrogen demonstration with an appropriate
Research and timing for practical implementation.
High power density ; ® The common technology such as
development Adapting to high altitude environment BWB design the high power densitygc))/f the

High efficiency electric system Multiple and distributed series propulsion fan

; . o electrical element can be expanded
High energy density cell, safety Super conductivity

not only to the commercial aircraft
but also to MEA and small
Choice of method

High risk technology concept electrified aircraft at an early stage.
Feasibility study
Formulate strategy 2040 2050 Year
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(@D Cooperative area
@ Competitive area
Name of sub group Objectives Main
organization
@ MD-1 |Aircraft electrification common - Sharing the aircraft concept (Technology Reference Aircraft) to JAXA
Cooperative basis be developed + 15
- Sharing tools and methods for performance evaluation at organizations
aircraft levels
D-2 |Business model of small electric| - Study of use cases and business model for eVTOL in Japan Keio univ.
aircraft and consideration of| - Consideration of ground infrastructure such as charge point + 13
ground infrastructure and verti port organizations
@ @-1 | Development of high power - High power density motor DENSO
Competitive density electric motor adapting - Demonstration with prop .
advanced magnetic circuit
technology
@-2 High altitude environment| * High power and light weight power conversion / distribution MELCO
adaptive power conversion and| - Partial discharge suppression / radiation resistance
distribution system
@-3 | Low-noise propeller for eVTOL - CFD & experimental study of loop-shaped low noise propeller JAXA
application for eVTOL applications
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Summary

« The electrification te_chrjolo]gy for aircraft is the key to achieve dramatic
reduction of CO2 emission from passenger aircraft and innovative changes to
everyday transportation services for small aircraft.

« Through open innovation by strengthening cooperation with different sectors,
aim for expansion of the aviation industry by applying the electrification
technology, which Japan has the technological advantage, to the aviation field.

« JAXA, under the cooperation of Electrification Challenge for Aircraft _
Consortium, promotes the research and development of the technology that is
essential to the common system components of small and passenger
aircrafts and that greatly contributes to fuel consumption reduction.

« We shall continue exte_nding the results from above for electrification of the
Comfpnents of small aircraft in the short to mid term plan, and for
electrification of the passenger aircraft in the long term plan.
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Thank you !

eclair_sec@chofu.jaxa.jp



