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Commercial UAS Market, Frost & Sullivan, 2015, World unmanned aerial vehicle
systems, Teal Group, 2015, Commercial Drone Market, markets and markets, 2015)
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A2 4d dFEY
1. =9 5%

O  (FDNASAO A= 34 PAVEA o] o]ojxq ODMOn Demand
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(PAV Exploration) Multicopter
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Gold Rush, Wonderful Racing for Dev’t
(2307 HIHH| 7HL F @179)
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[m) 2] Air-taxi <& 7§ 3= (Uber)]

o UberA7b AAIRE MHl2~ @721 9 AAAL 2
- 714 &7 =74

&, A, 4 T& aYsEte #4Pd715x (DEP:
Distributed Electric Propulsion) ®2]-& A-&3F 7|A| & td 7|
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o2 M . & B 9] 50omiletrips (10min L 7| A| ZH)

30min &£ Xl £ (140kWh, 2000cycles)

H| 34| CHEF TH7F: 1.2 9 0.6 0.2(MUSD)
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20159 1€ CES (The International Consumer Electronics Show)

10 A RF/NR A F 4 m A7E AAZE AR
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< A AE
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[Ehang 184]

o AHSO| A &4 3F= eVTOL.news Aol Eo] AHul=E /Miadss gok
St ol Fof Z . W dolH7F dAl= NAAH oY, =2 A
2217 FNE A= olfula?] Aoz FHH.

(e = ZAF]

Dimension{m} Weight(kg) performance & Misc.
Company
Hem s Country ) R Motor Remarks
fDesignation Fuselage | Owersl X 2 Vend o
toncth Hes Wing Span| Empty | MGW | Usefu ket Ou;s;mk Fropuizor Pax izt Fiight | Power
Tt Wing
Unduct=d
Lia ‘Wsriablz-pitch. Three-bladed propsiar
fan) A* {A-cubed) calls them
Winged Wahana | Fir 33 275 € 725 L 175 8x45 8 Proy 1 2017 B
A3 3 -\:mé:rblsby na na X 2 E/i Lithumn battery packs
- Has the abifty to change itz RPM and
the blade angle independantly
Fiyirg tim= - 30 minutes
£ = =
- - -
A -

usA,
- Airzpace
Winged Mokt Experience na na na na na na na na na E/E [Tt Wing
| Technologie

o ot ' . 2182 18x125| , ° Hybrid | Titt Wing
Winged | Stike (V- |Aurors Fight| 118 43 | pao | 5160 | 5900 | 737 | s | | duced o i I el i i R
4A) Soences fans

Aurors % 8 Prop =
7
TOL Aurora Fhght 2 na & 575 B z5 180 na. 1 Cnse
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Wingad USA na na na na na na na na na na na B
E/E
Winged 11 na 104 1451 1814 363 252 na na 4-£ nE E/B Siowed Rotor/Compound
i = E/E
at
Wingsd DR-T Delorzan €1 na £l na na na 240 na na I na E/E
"oz
Z Fan-i
1000 na na el 9 na
wing

Titt Wing

2 Drone Taxi usA Hybrid
na = 5 na = n 4 Props n . iperard storshlh o=
Wingsd i1 Uoss it n na n na a na | 4Props 1 2 | piicrn |Upward storsble wing:
g2 2 Rxcectan
Fan in wing
€ Prop 4 2017 DEF ng Propelien
a &
. Garmany. " 1 - 5 . .
‘Winged um Jet Librivi nE na 240 €40 200 300 na ducted z 2017.04 E/B
= fans
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UsA, Hybrid |
: 3 5 4 5 130 o | 2P fing
Winged | TFX Temstugs | ™ na na na na na. 320 | 2x500 | ZPmp 4 Hacmie |Frg Car
UsA, s
Winged | Trifan 600 | XTlAkeraft | na na na: na e na na na 3'?::“ " ns
Company )
3 na na na na na
L
[L/]— 7H = =7 ,-_\.1_-.”‘]
= AL &2 A 1.
. Dimansion(m) ‘Weight{kg} Performance & Misc
pem | OTEEW oty femarks
=7 |/Designation| T Ovarall | Width i eri Motor [ . i b
Height | ‘Overall Empty MGW | Us=ful (ko) | Dotk Propiisor|  Pax [ Llst Fight| Power
Wingless na na na na na na v .D’W.a: 4 2018 E/B Crone Typs
ussia, Fyin - 20 -
Winglezs|  sarem | f;,’ ™| 52 17 45 700 | 1100 | 400 300 ;l:“ Coasial Prop
Car (2240
4
Comial Dual Mode:
5 Matars 2 na EfB Air M::::'n.’la,.:ap';.-b{.ific
MoR oniy} +Ground Modile
_— Fying Car
Wingless | SkyDs it 29 £ 13 na s na  |100(msd| na |[4Rotos| Aa 2020 na Drone Type

Characteristics are for demonstrator

_20_




..| Dekatone Canads,
*| Fying Car | Dekatone

Wingles: E/E
Wingless Flying Car
USA, Ky .
‘Wingiess Fiyer H?w:q s LES na na na na na na & Props 1 017 E/B Manned
4 lange,
2
madium
Winglass | ArQuadOne :EKQ_N;Z ns nz na ns 5an 100 na na E::;ii 1 na E/E Mannzd
elzctric
turbo
fanz
s
e
L2t~ ;‘( v
= juwswY Adve
Ll
18 x 3.3k . . Non-titing
I e o A Manned and unmanned
e s
YD,
2018 Non-Titting
680 181 na na & Props 2 manined E/E Fixed Pitch Prop
Faght 150%W gazafing engine genarator

o TF T54YA Larry Page’} PAV 2~EFEAQ] Kitty Hawke}
Zee Aero®| FA}

o o] 2|9 %= Digi RoboticsAt4] Droxi, DroFire, Passenger DroneAl2]
Passenger Drone, SikorskyAFe] VERT & &#Z ARE 3071 ©]%4

] ¥ ONERA % «E& JAXA
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o (3 ONERA) PATS(Personal Air Transport Systems)& 3+ #4FA
71FRA AFE 93] EU FP7S %3 PPane, Ampere, Pterosaur %
S A0 FU(ODM ¥=aZE @ 16.3).

AMPERE Project — Onera's Concepl-
using DEP (Distributed Electric '*’

o AEA FAAF= PAVE] A% A 9Astel 20dT) 2FWHe BEE A
$3 2 A9F v 3

o (W13, 4438, Uber) PAVZ} AZE® <17~ 180 A3, 3%
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7HA SRR A&3 MHlas ‘24d 2HE AA AF

x =] A A =
ZIEAEMH A Al EofAH|IA
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
Low olurme
VEHICLE oLt Aot Producrion b} \
PROTOTYPING il I {10-50 Alrcrat) T
Al
Expasimenal mitial Arcraf | Adrorait Ten Froduction — — m‘:th‘;",
Cernficanion Te: r{l;rerr. Caroficate
FAR Part 21.193 (1 ;_.,q,.m-m; {3-5 Rircratt) Developmant FAA Par 135
fu— Operation Cart
Approvel
Tvpe Comnficate Development —_—
Performance
Valid#tion Operation Restrictions
Initial Demonstrator Tetning Professional Pilot
Development/Fabrication B — Vissal Fiight Rules
{VTOL Powered-Lif, Sofewd 0 min Reserves
Electric, Fly-By-Wire, Flighe Training 15 9B Reduction
Pilot-Alds) Mukrtandnce Hefipad infrasrucure
_— Testing
———
" | FAAJGAMA
FAAJASTM Inicial Flight Oparations Reduced Short
Electric Propulsion Teszing In Lirban Range Blectric
Certification Rules Emvironmaent Validsted
Hokie Acveptance IFR Resenves
Likely oot of initial fight Lika 'y cost of certification U BE R
Damaonstrator at 2.4 place + production tooling

Uber's plans call for an incremental approach, with just a few eVTOL aircraft flying In the demonstrations, followed by low
volume production during certiflication. (Uber)

[A ¥l 22&FF A Uberd] AAA A HMu 2 17~ 18, AL3Aqn) = 24~)]

o (M=, 1%, FAA) 1577l 77t A+ vlsiAle] 79 FAR
Pt237]1%, A7A28/MIEE 52 ASTMTFE S 7|02 nfd =
o (#d, A&3}, Lilium) 199 FHE2/AW3, 250 Ar2AA dA-S

AN, AU 2FFA 4TS 59 A

* < O|H| o A

HEFOIHE  MH[2ZHA
2013 2015 2017 2019 2025

IDEA IN GLASGOW FLIGHT OF THI FALCON TEST FLUGHT IN OSGINAL FIRST MANMNED FLIGHT YOU CAN BOOK A LILIUM

SLIE JET

O O O _ o o

F he first A 1
« Yo

[(&)Liliume] 7|/ A vl 2 A Z(Aqu 2 < 254)]

o (74, UF, EASA) FAAS} AR F&FolH FARRE s, g4 |4
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Level | Name |  Steering | Monitoring | Performance

Human driving system

0 |Driver assistance Human Human Human

1 Partial automation Human/System Human Human

2 Drive by one or more driver assistance System Human Human
Automated driving system

3  |Automated driving system with human respanse System System Human

4 |Automated driving system without human response System System System

5 |Full automated driving system System System System
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<M X|A}E>

Hrojo| oy C2>38 gl 2X|0|x20| 7538t P A V{PERSONAL AIR VEHICLE FOR
=2o= o©° ROAD-DRIVING AND VERTICAL TAKEOFF AND LANDING}
=3l L=l R e | HI7HESH) KR

AT AR Xt L=l R e | LK} TG | A
E2H S (=212) | KR20150070852A(2015.05.21) | 27 HS(270L) | KR20160137764A(2016.12.01)
SEHS(EEY) - 7| &&0F 7IHE A (AAA)
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HISI HAREE 7tS5HA St FAFE =
esto], F7rEel QlZel HIE 28 Aty
+ 9t =it ok
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ZZA Y SH0| BSote B2O=, YRU IFS 93 245 777 RHEL, L0 4749 @
(100)0] PH|E|0] FHBES JHsetA| ot ESEH(100) A47| BEEH (1000 Acho] Hig
of atolg(liding YAOE M0l Uit +HOHES 9IS SAS YYNT|E ZHE 7O
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- US15/080167

<M X|A}E>

o] mA Tri-Rotor Aircraft Capable of Vertical Takeoff and Landing and Transitioning to
- ° Forward Flight

=13
=

o

USA. as representefd by

the Administrator of the =o 1%

National Aeronautics and EAITHSHZ) us
Space Administration

o
e

e
=

North; David D.|Aull; Mark
J.|Fredericks; William
S A X} NASA 2 X} J|Moore; Mark D.|Rothhaar;
Paul M.|Hodges; WILLIAM
T.[Johns; Zachary R.

oM (EY) US15/080167(2016.03.24) TIPS (ZIY) U52016020043)6A1(2016.07.14

HB(E5Y) - 1= &0k MY (AAA)

Systems, methods, and devices provide a
vehicle, such as an aircraft, with rotors
configured to function as a tri-copter for
vertical takeoff and landing (""VTOL"™) and a
fixed-wing vehicle for forward flight. One rotor
may be mounted at a front of the vehicle B e
fuselage on a hinged structure controlled by
an actuator to tilt from horizontal to vertical ¥ = il
positions. Two additional rotors may be . ) .-
mounted on the horizontal surface of the -
vehicle tail structure with rotor axes oriented )
vertically to the fuselage. For forward flight of T v,
the vehicle, the front rotor may be rotated i
down such that the front rotor axis may be =!
oriented horizontally along the fuselage and “

the front rotor may act as a propeller. For -
vertical flight, the front rotor may be rotated
up such that the front rotor axis may be
oriented vertically to the fuselage, while the
tail rotors may be activated.

<F8 CLAIM>

1. A vehicle, comprising:ia wing;a tail, two tail rotors coupled to the tail; anda front rotor
configured to tilt through a range of motion.
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A VTOL aircraft (or other vehicle such as a
sea vehicle) includes a pair of elongated ducts
on opposite sides of the vehicle body, and a
plurality of powered propellers (or other
propulsion units such as jet engines) mounted
within and enclosed by each of the elongated
ducts, such as to produce an upward lift force
to the vehicle. Each of the elongated ducts
has a short transverse dimension slightly
larger than the diameter of the blades of
each propeller enclosed thereby, and a large
transverse dimension slightly larger than the
sum of the diameters of the blades of all the
propellers enclosed thereby.

<F

£ CLAIM>

1. A vehicle movable in a fluid medium, comprising: a vehicle body; a first group of rotary
propeller propulsion units mounted on one side of the vehicle body, each of said rotary
propulsion units being oriented to produce a downward flow of the fluid and thereby an
upward lift force applied to that side of the vehicle body; a second group of rotary propeller
propulsion units mounted on the opposite side of the vehicle body, each of said latter rotary
propeller propulsion units being oriented to produce a downward flow of the fluid, and thereby
an upward lift force applied to said opposite side of the vehicle body; a first elongated duct on
said one side of the vehicle body enclosing all the rotary propeller propulsion units of said first
group and having an upper end and a lower end projecting past the upper and lower ends of
said enclosed rotary propeller propulsion units; and a second elongated duct, separate from
said first elongated duct, located on said opposite side of the vehicle body and enclosing all
the rotary propeller propulsion units of said second group, said second elongated duct having
an upper end and a lower end projecting past the upper and lower ends of said second group
of rotary propeller propulsion units; the cross-sectional area of each of said first and second
elongated ducts being larger than the sum of the cross-sectional areas of the plurality of rotary
propeller propulsion units enclosed by the respective elongated duct, to augment the lift force
produced by the respective rotary propeller propulsion units; the ends of said first and second
elongated ducts being spaced from each other to facilitate entry and exit from said vehicle.
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giHo| HXl Vertical take-off and landing vehicle with increased cruise efficiency
s8¢ NASA ZAI7HES ) us

William J. Fredericks, Mark
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Paul M. Rothhaar, David D.
ST A S X} BrH X} North, William M. Langford,
Christopher T. Laws,
WILLIAM T. Hodges, Zachary
R. Johns, Sandy R. Webb
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Systems, methods, and devices are provided
that combine an advance vehicle configuration,
such as an advanced aircraft configuration,
with the infusion of electric propulsion,
thereby enabling a four times increase in
range and endurance while maintaining a full
vertical takeoff and landing ("VTOL") and
hover capability for the vehicle. Embodiments
may provide vehicles with both VTOL and
cruise efficient capabilities without the use of
ground infrastructure. An embodiment vehicle
may comprise a wing configured to tilt
through a range of motion, a first series of
electric motors coupled to the wing and each
configured to drive an associated wing
propeller, a tail configured to tilt through the
range of motion, a second series of electric
motors coupled to the tail and each
configured to drive an associated tail
propeller, and an electric propulsion system
connected to the first series of electric motors
and the second series of electric motors.

<M XIAHE>
HiHo| HAl Tilt-wing aircraft
=20l Airbus Def(e;%cbeHand Space EARTHESH) Us
RV EE N Airbus Defgnmchand Space S X} Johannes Stuhlberger
EHS(ZHY) 2012-11-13 ZIHBS(ENY) Usé%ll%o_%%g%%&“
SEHS(EEY) 7| =20k
<<% & HEZH>
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A tilt-wing aircraft is provided. The tilt-wing
aircraft includes a tail drive and control unit.
The control unit is configured to generate a
forward thrust. The control unit can also
generate an upwardly or downwardly directed
thrust component and/or a laterally directed
thrust component in hover flight and in climb
flight of the aircraft.

- BOEING CO / US08/654133

<MX|AFE>
uh o] w3 Vertical/short take—off and landing (V/STOL) air vehicle capable of providing
=co7l ¢o high speed horizontal flight
=99 BOEING CO SY7HESA) us
AR A2k BOEING NO%EEI RICAN Elgzbss Cummings; Darold B.
SUHS(EEY) US08/654133(1996.05.28) THAE(FNY) -
TEHE(TEY) US5758844(1998.06.02) 7|50} 718 (AAA)
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The vehicle includes a fuselage; a plurality of
lifting surfaces attached to the fuselage having
control devices attached thereto; and, an
articulated propulsion system attached to the
fuselage. The propulsion system includes a
duct assembly pivotally connected to the
fuselage. The duct assembly includes a duct
and a propeller assembly mounted within the
duct. A motor assembly is connected to the
propeller assembly.
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Air Vehicle Development

Uber estimates it will cost aircraft makers between $35M and
$30M to design and build proof-of-concept aircraft for use in the
demonstration program that launches in 2020,

S150M - $300M

Likely cost of certfication
+ production tooling

[Ubere] AJA]7](25~30MUSD) 2 A E-7](150~300MUSD) 7] F=A]

<Ref : Swartz, "From the Ground Up : Uber Elevate in 2020", Vertiflite Sep/Oct, 2017>
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