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< SUMMARY )

O
O

Development of a roadable personal air vehicle (PAV) sizing program
considering various categories of type certification and future technologies

Design of certifiable, safe, economical roadable PAV concepts that can
potentially be introduced to future market adopting technologies that are
available in 2030 time frame

Development of a roadable personal air vehicle (PAV) conceptual design

program considering various categories of type certification

- Review and summarize the mission and performance specifications relevant to
roadable air vehicle development and define the scope of the certification
requirements in order to define the functional requirements of the PAV system

— Decompose the roadable PAV system into subsystems in physical domain to
provide design and technology alternatives for each of the subsystem

Purpose & - Perform modeling and simulation of developed roadable PAV concepts
Contents — Confirm whether the sized concepts satisfy the design requirements
O Conceptual design of roadable PAV concepts considering certification
requirements
— Define mission profiles and performance constraints following identified
certification requirements and develop a matrix of design parameters
— Populate the matrix of design alternatives to develop promising vehicle
configurations and propulsion system types
— Develop capabilities to quantify sensitivity of PAV performance to key
technological areas to identify the potential area of technological improvements
with significant impacts
— ldentify technology portfolio that may increase technical feasibility and viability
of the PAV concepts through integrated system level assessment of the
concepts and the technology alternatives
O Development of roadable PAV conceptual design software considering
certification requirements
— Scope of roadable PAV certification requirements
— Problem definition and roadable PAV concept generation
— Modeling and simulation
— Concept down-selection
Results O Conceptual design of roadable PAV configurations considering certification
requirements
— Concept selection
— Problem definition and concept generation
— Sizing and quantitative assessment
— Technology sensitivity analysis
— Technology impacts analysis
O Contribute to future Korean PAV development and enhance PAV development
capabilities
O Contribute to intelligent autonomous vehicle technology
O Contribute to next generation aircraft (Green Aircraft, UAV, etc) development
O Accumulation of core PAV technologies
O Realization of high value—added industry through the leadership in future core
Expected technology market
Contribution | O Relieve traffic congestion by introducing new high—speed door-to—door mobility
innovations
O Extended commuting distance can distribute population concentrated in the
greater Seoul area relieving traffic/housing problems
O Contribute to the reduction of green house gas emissions and improvement
O Grow work force in the area of environmentally friendly electric propulsion, for
which a large future demand is expected
Keywords PAV Electric Aircraft | Aircraft Design Cog::iztnual Sizing
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ASTM Committee F37 | FAR Part 23 Special | FAR Part 23 Standard
Standards Special Airworthiness | Airworthiness Certificate | Airworthiness Certificate
Certificate Light Sport Aircraft Primary Category Normal Category
1,320 Ib (land) 2,700 Ib (land) 12,500 Ib
Z|HO| BT
1,430 Ib (sea) 3,375 Ib (sea) 6,000 Ib (*)
ST 120 kt CAS No restriction No restriction
61 kt CAS Landin
Z|Cf A== | 45 kt CAS Landing Conf. Cont ¢ 61 kt CAS (**)
onf.
Single Engine
oll &I Single Engine N o . /
Normally Aspirated
_ Fixed itch / Ground
Z 2y ee P / /
adjustable
) ) ) Four seats including ) )
Two seats including pilot seat ] Nine seats plus pilot(s)
ZH Al . pilot seat
Non—pressurized ) seat(s)
Non—pressurized
Fixed landing Gear
7| E} Fixed landing Gear (land) /
(land)
No commercial
o o No commercial operations operations Commercial operations
=< VFR-IFR-Day—Night (**x) VFR-IFR-Day-Night | VFR-IFR-Day—Night (***)
(***)
Recreational pilot | Recreational pilot
ZZE AL 215 | Sport pilot license or above license or above | license or above
Medical certification Medical certification

(=) For the purpose of a PAV, an MTOW of 6,000 Ib is retained to facilitate certification but

this is not a “hard”  constraint

(»=)— For single engine aircraft, if 61kt is not met, additional structural and survivability

requirements must be satisfied
— For multi—engine aircraft, if 61 kt is not met, either minimum climb  performance must be
satisfied or additional structural and survivability = requirements must be satisfied

(»x*) If aircraft properly equipped and pilot properly rated
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Terrafugia PAL-V Aeromobil 3.0
Transition )
Capacity 2 Seats 2 Seats 2 Seats
o 18ft 9in x 7ft 6in 13ft 1in x 5ft 3in 19ft 8in x 7ft 4in
Road-Size (LxWxH) X 6t 8in X 51t 3in X 5ft 3in
Max Take Off Weight 1,430 Ib 2,006 Ib 1,430 Ib
Empty Weight 970 Ib 1,499 Ib 992 Ib
Max Speed 100 kt 97 kt 107 kt
Stall Speed 45 kt 27 kt 45 kt
Range (Air) 425 nm 190 nm 270 nm
Range (Road) 805 sm 750 sm 370 sm
Take—Off Roll 100 ft 540 ft 540 ft
Landing Roll 100 ft 100 ft 165 ft
Air Fuel Economy 5 gph 9.5 gph 4.0 gph
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Multiple lterations Can be Complete Based on Schedule Constraints

{ 7 =

Design Specification Promising Analysis Toolset First Order
| Requirements Concepts Analysis

Problem
Definition

Concept
Generation

Simulation

- Determine Market + Identify Discrete + Identify Modeling + Execute the
« ldentify Constraints Alternative Techniques Modeling
Architectures +  Set up Modeling Environment for
+ Down-select to an Environment Continuous Space
Architecture » Examine Results

NO

Technology Inclusion

YES

Disciplinary Analysis
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Inputs EEEE SUYNE

Task Task 1: Task 2:
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VEHICLE GENERAL CONFIGURATION
Fuselage Fuselage Number 1 -
Cabin Configuration Side by Side T
Fuselage Material Composite T
Lift Generation [Wing Configuration NACA 0006-060 ~ |
Wing Airfail GT CC-130 |
Wing Shape Tapered Y
Wing Sweep Maone A
Wing Material Composite ;
Winglet Type Mone i
Leading Edge High Lift Device Slat i
Trailing Edge High Lift Device Mone |z
Wing Folding Folding  ~
Wing Fold Number Z [
Main Engine Propulsion System Architecture | Hybrid Electric Se =
Main Engine Type IC-Rotary Turbocl ~ |
Main Engine Generator TRUE o
Propulsion Propeller System TRUE ¥
Propeller Blades 7 =]

OF 4. ot BHEEA MM HME

O Rdg 3t A& o)A (Modeling and Simulation)
- Mg A GAE AXAEA o Ao AA Ade] AEH olelg AAE] A

o mi¢t MEE 2 A U2 =WlFd 7] JNdS AMEEte] AA 8 AMHAE
g AHE AY

o A odH TlEEel T8 MFAETY Ao & IS vA=AE HretHA
£33 Aula A - A F83] %S TRL (Technology Readiness Level)S 9]
Fod 75t AE 2AE S, T

HH
NASA, IATA (International Air Transport Association) ¢ 7]& ZE=wWo
ZHEE ] PAV AA de A3 AR 7eE HE5S 24T
38k Al4=(impact factor)® 223k o]
o]
=

]
5o FRAA a& HA7|dR =

M) FF d5a :
Alzgl B ngEgA] A 5 oo EE RO oYd Ve I
AsE 2438t 7le Ao Fol HgH=S ¢




Electric Engine Power Density
Electric Engine Efficiency
Battery Energy Density Weight
Battery Energy Density Volume
Combustion Engine SFC
Combustion Engine Weight
Propulsion Efficiency
Propulsion Weight
Aero Structure Weight
Landing Gear Weight
Car Systems Weight
Cabin Weight
Morphing Mech. Weight
Electronic Weight
BRS Chute Weight
Augmented Lift CL
Induced Drag CDi
Zero Lift Drag Cdo
Moise

i §
i
4]
1

2027

ON/OFF

L‘:
4|

=

T21: Lightweight Cabin Interiors

T11: Advanced Propeller [Scimitar, 3D Shaping)
T23: Advanced Aluminum Aerostructures

T2: Advanced Halback Electric motor
T24: Al-L1 Alloys

T3: Advanced Wankel Rotary Enging

Th: New Batteries - Generic Tech
I7: Fued Cells for Secondary Power

User Assumptions

T8: Regenerative Turbine Device
T9: Low Noise Propeller

M15: Laminar Flow Drag Coatings
T16; Piezo-electric Active Skin

T10: Advanced Ducted Fan (3D Fan Blade Shapi ng| |i

T27: Electranic Miniaturizafion - Generic Tech

128: Generic Tech

Ti:MNew Electric Engines - Generic Tech
T22: CentrAL {Aluminum and Glass Fiber)

T13:Natural Laminar Flow Control
T14:Hybrid Lamirar Flow Control
Technology Reference Lave|
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Transition
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Max Speed 100 kt O &t
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3Fod 3000 ft (900 meter)§. 28312 203017 =€ Fx27d %3} 3
% &8 S7F AYFHYA o5 aEste] AAE 79 500 HIY ojul7) 7sE A
O MOC (Means Of Compliance)ol W& 7§1d4= F
- FARON A AAet= 14 =5 U

MOC (Means Of Compliance)

MEANS
Statements
Drawing/Description/Document/Manual
Analysis
Safety Assessment
Laboratory Test
Ground Test
Flight Test
Inspection
Simulation
Equipment Qualification

<
O
O

OO NI~ —=|O

o 7] MOC FollA /MdAdA 272 FAR23 114 ©F o5 =
0, 1, 2 3% tef-= =5 CCL (Compliance Check List)S 24 3slar 3799
o disiA s FAgdTTo A AeAE HET

- FAR239] CCL (Compliance Check List)e] dX o= ol &

o m\m

Requirement , Work

FAR Requirements MOC
No. Name

Subpart B — Flight

General

FAR 23.21 §23.21 Proof of compliance

(a) Each reqguirement of this subpart must be
met at each appropriate combination of weight
and center of gravity within the range of loading
conditions for which certification is requested.

This must be shown-— 0
(1) By tests upon an airplane of the type for
which certification is requested, or by PEF

calculations based on, and equal in accuracy
to, the results of testing; and

(2) By systematic investigation of each probable
combination of weight and center of gravity, if
compliance cannot be reasonably inferred from
combinations investigated.

(b) The following general tolerances are allowed 0
during flight testing. However, greater tolerances WBM
may be allowed in particular tests:
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Access Portal A -
Mission Range (Portal to Portal) Access Portal B

(add 45 min reserve)

Average Doorstep-Access Portal distances
VTOL - 5 miles

ESTOL - 10 miles

STOL ~ 15 miles

CTOL ~ 21 miles

Mission VIEW

Doorstep Destination
A
> le dot Iwz
g 2:042 d
Z d,.t it
5 12lar ERFE
= L
Block Range >
Vehicle VIEW Best Cruise (<10K Aliitude)
/ Low Speed: >100kts _\
High Speed: >250 kts
Best Climb Descent
Field Lengths @
Taxi/TO / VTOL ~ <1001t 45 min reserve Land/Taxi
ESTOL ~<250ft -
Ground STOL ~ 1000ft Ground

Travel Time

CTOL ~ 3000ft

8 14, PAV 2 EY

Travel Time
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Operation Modes
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Drive Mode Configuration

Flight Mode Configuration
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(%2 NASA Langley Research Center, Revolutionary Aerospace System
Concepts “Personal Air Vehicle Exploration (PAVE)”)

(VTOL_LaRC)

(VTOL-Boeing)
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Dual Mode = Single Mode
- (CTOL_LaRC) = (VTOL,_Cal Poly)
/ Dual Mode Single Mode
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Dual Mode Dual Mode
% (CTOL_VPD) & - (CTOL_Boeing)
4 Single Mode f Dual Mode
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The Small Aircraft Transportation System is a safe travel alternative
freeing people and products from transportation delays,
by creating access to more communities in less time.

“Reduce public travel times by half in 10 years and two-thirds in 25 years™
http:/isats.nasa.gov

13 32. SATS 7Hd &=
A& : Patrick W. Colligan, John P. Young, Industry Perception of Small Aircraft T-
tansportation Systems(2012), Purdue University.

o otef e SATSY &5 retebA Aolstd
&2 (HITS : Highway in the Sky-HUD Flight Path) 73 <Z1@ 34>

o A+ A & ] (Synthetic Vision System) 7]<&7/Hd<19 35> I*x

_39_



*

g0 AW H: 59 (Precision Approach Capability to Runway) "

o B, oy & Hs #A B2 8 (No Control Towers, Radar, or Approach
Light)

o 2B U 9% FFARA~E A F(Internet of Air Information Systems)
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Integrated Fleet Operations
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Acrobatic_Commuter_Airplanes. NPRM.pdf” & & 715 o] &

- PART?23 7§ ¥31¢1 NPRM (Notice of proposed rulemaking)®] d& <o F-E 2 o}z ¢}

ag

DEPARTMENT OF TRANSPORTATION

Federal Aviation Administration

14 CFR Parts 21, 23, 35, 43, 91, 121, and 135
[Docket No.: FAA-2015-1621; Notice No. 16-01]

RIN 2120 - AK65

Revision of Airworthiness Standards for Normal, Utility, Acrobatic, and
Commuter

Category Airplanes

AGENCY: Federal Aviation Administration (FAA), DOT.
ACTION: Notice of proposed rulemaking (NPRM).

SUMMARY: The FAA proposes to amend its airworthiness standards for normal,

utility, acrobatic, and commuter category airplanes by removing current prescriptive

design requirements and replacing them with performance-based airworthiness

standards. The proposed standards would also replace the current weight and

propulsion divisions in small airplane regulations with performance- and risk—based

divisions for airplanes with a maximum seating capacity of 19 passengers or less

and a maximum takeoff weight of 19,000 pounds or less. The proposed

airworthiness standards are based on, and would maintain, the level of safety of the

current small airplane regulations. Finally, the FAA proposes to adopt additional

airworthiness standards to address certification for flight in icing conditions,

enhanced stall characteristics, and minimum control speed to prevent departure from

controlled flight for multiengine airplanes.

This notice of proposed rulemaking addresses the Congressional mandate set forth
in the Small Airplane Revitalization Act of 2013.
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23.672  (OdH]) rreerreeeeneens 101
23.673  (O[H]) ereeeeeens 102
23.675  (Of|H]) -eoeereeeeeens 102
23.677  (OflH|) -eeeeneeene 102
23.679  (Of[H[) swoveevrrneenn 103
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93

23.609 F=°o HE5 .93
23.611 HH|AM e 94
23.613 AMZo U E
A Tp A H K| coeverrerereneneeeens 94
23.619 EgHH L o 95
23.621 ESCRES
(Casting Factorg) - 95
23.623 H|o{2H=x - 97
23.625 O] Z(Fitting) A = -1
97

23.627 L ZZE e 97
23.629 EBE{ e 98

=
23.641 Z=2 3% 100
z=&H
23.651 ZxTol &9 100
23.655  BFEF e 100
23.657  BIX| cereeeeieen 100
23.659 HZGY - 101
=FAS

23.671 U s 101
23.672 otEd Ui F
x % Xs 32l 54
71|% ................................. 101
23.673 F =ZTA 102
23.675 HX|ER| - 102
23.677 EZAS 102
23.679 Z=&TAHs nHE
;‘(| ..................................... 103
23.681 ¥SESPSISlac |
S 103
23.683 AT A|FH o 104
23.685 Z=ZHEe MEFE
L R — 104
23.687 Az=& ZFXl 105
23.689 AHolg AE 105
23.691 olFg AL gbx|
HE oo 105
23.693 HAZALE e 107

]

23.500  Structural design. 1
23.500  Structural design. 1
23.510 Materials and
PrOCESSES. o 1
23.505 Protection  of
Structure ................................... 1
23.505 Protection  of
StI’UCtUI’e ................................... 1
23.505 Protection  of
CSHUCIUre I 1
23.510 Materials and
processes_ ................................ 1
23.515 Special factors of
Safety. ........................................ 1
23.515 Special factors of
Safety. ........................................ 1
23.515 Special factors of
Safety. ........................................ 1
23.515 Special factors of
Safety. ........................................ 1
23.405  Structural durability. -
;

23.410 Aeroelasticity. - 1
Means of Compliance.

Means of Compliance.

Means of Compliance.
23.515 Special factors of
Safety. ........................................ 1
23.315 Flight load
Conditions. ................................ 1

23.500 Structural design. - 1

23.1305 Function and
inSta”ation. ............................... 1
23.1305 Function and
insta”ation. ............................... 1
23.1305 Function and
installation. «eeeereeees 1
23.1305 Function and
installation. e 1
23.700 Flight control
SyStemS. .................................... 1
23.700 Flight control

23.681  (Of|H]) -eeeeeeeeeeens 103
23.683  (Of|H]) -ereeeeeeeeens 104
23.685  (Of|H|) -ereereeeeeens 104
23.687  (OfH]) eereereeees 105
23.689  (Of|H]) -ereeeeeeeeens 105
23.691  (OflH]) -eeeeeeeeeees 105
23.693  (Of|H]) -ereereeeienens 107
23.697  (Of[H[) swoeeeeeeneenn 107
23.699  (Of/H]) -ereeereeiees 107
23.700 H|8 =X HE - 40
23.701  (Of/H]) -ereereeeeeens 108
23.703  (Of/H]) -ereereeeeeens 108
23.705 &F ZX| AS 40
23.710 FAI| £ =5
27|12 8t 2 i 40
23.721  (OflH]) wrerrerenenes 109
23.723  (Of/H]) -eeeereeenenns 109
23.725  (O[H]) erereeeene 110
23.726  (O[H]) erereereenns 111
23.727  (OH]) rreerrenieniens 111
23.729  (O[H]) erereereenn 112
23.731  (Of/H]) -eeeereeeieens 113
23.733  (O[H]) erereereens 113
23.735  (Of/H]) wereereeeneens 114
23.737  (OH]) -oeeeeeeen 116
23.745  (Of[H|) seoveeveenenn 116

==2E gl Adx
23.750 EtZo| #=clu} d|Al
S 40
23.751  (Of[H]) cweveeeeeeees 116
23.753  (OflH]) wrreererreennes 116
23.755 E&A 22|Hl =t
R 40
23.757  (Of[H]) swoeeereerneens 117
s4SsFHEEEEES
Aut
23.771 (O H|) weereeenenene 117
23.773  (Of|H]) swereeeeeennene 117
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23.697 =H 280775 (OffH]) s 118
107 23.777 (Of|HI]) oeveeeeeeeeens 119
23.699 EZQ x| K|A|A 23200 Elight — control | 55 279 T — 191
107 Systems .................................... ‘I 23781 (oﬂtll) ................ 122
23.701 I EY ==x '23-: ﬁof Function an? 23.783  (Of[H]) eereereeees 123
i INSTAlIGTION . w-rreerereseerrererseneeneens
FER| cevererieermnii, 108 23 410and. 23.500 23 785 T p— 105
23.703 Ol ZFAI AlA o 23.787  (Of[H]) eereerereeees 127
Eél ..................................... 1 08 AeroelaStICI’[y and StI’UCtUI’al 23 791 (Oiﬂﬂl) ________________ 1 28
design_ ....................................... 1 .
23.700 Flight control
ST SYSTEMS., -rrserereresrersresser y st 1 o X 23S
28.721 LRk 109 |23 .325(b),23.500(d)
23.723  2ASAIE - 109 | Component loading | 23.800 XY= s Hd
23.725 Mgt HUStAIH o conditions; " Structuraldesign: el @hAif E D e
110 1 23.803  (OffH[) -orreeereneen 108
23.726 =X XASE [ 23.325(b),23.500(d) |[23.805 XM= shxf ododol
A e, 111 | Component loading SR H S v,
23.727 0{7 of{x| & | conditions, Structural design. 155 g7 (O4[H[) «rwrreeeeeeers 129
4 LSFAIS 111 |1 03.810 Fxo| 2| H3540
23.729 =EZXx[o olel 23.325(b),23.500(d) 23 811 CEI 132
EFR| HE v 112 Component loading 03.812  (Olft]) < 133
03731  HER| e 113 ::onditions, Structural design. - g ("01|I:||) ________________ 135
23.733  E}O[O] weeene 113 Of [ ) wereeereaeenen
23.735 EF—H;HIEL ------ 114 23'325(b)’23'500(.d) 22:1315 on:u:; ---------------- 122
23 737  AT| 16 Component loading .
' ) | conditions, Structural design. e
23.745  HE/FE =¥ || o QtAHE
EER| wereeereeereeenens 116 53 700 Flight control | 23.841 (O H]) woeeeeeeeeeens 137
SYSEEMS. e 11 23.843 (o1||:||) ................ 141
EZE(Floats) ¥
A A (Hull) 23.700 Flight  control SR b}
23.751 T ZEE(Float) | systems. we. 1123.851  (O[H]) ereveereenn 141
BE] 116 | 23.700 Flight ~ control | 03.853  (04[H]) «+erereerereene 142
23753 _7't_ %EE(Float) Systems .................................... ‘] 23855 (O:”I:II) ---------------- 144
AT e 116 | 23.1305 Function and 03.856  (OfH[) -errerreeenns 145
53 755 A.jﬂl(HuII) 116 installation. - ...................... 1 03 859 LT E— 145
23 757 Hx =Zze 23.t700 Flight contrc:l 03.863  (OH]) orerrrrnn 147
SYSTEMS, «++eereressserrenessnesenieenns
(Float) B 23.700 Flight  control 23.865  (OfH]) v 148
AW aoe o sz SYSTEM S, e 1 _ _
’ 23.700 Flight  control | &= —*1-=S*>=—
218t A 23.867  (O[H]) e 148
SYSEEM S, e 1
23.771  ETA e 171531315 Equipment, systems
23.773  EZA AA 117 | 4ng Installations. o 1 ZHEt-22
23.775 Higtetol & | 23515 Special factors of 23.871  (OffH]) wovereereee 149
J}DI-_E_ ................................. 118 safety. ________________________________________ 1
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23777 =Z&EA =EAx| 423,000 .Flight  control Subpart E =&k
119 Systems .................................... ‘I
23 779 <= g ==tz | 23.200 Controllability. - 1 ol
4o = ‘4 o . . = —
x|o| =Etn} 2EQ sk ... 23.1500 Flightcrew interface. - 23.900 =8 Arx| EHE- 40
1
121 , 23.901  (Off]) e 149
Means of Compliance.
23.781 =& ¥ =z=AH 23.903  (Off]) e 150
A Kb OF v Ao | 520904 (0H]) e
x| &Z&Hol _Eo 122 23 700 Flight control 23.904 (_01|t'|_) ] 152
23.783 ZEYUZ e 123 | qugtoms. e 1]23.905 ZzEP A 40
23.785 =4, &HH, 24 | o3 700 Flight  control | 23.907  (OlB]) wwoeeeveeees 153
HIE 2 SFL A e 125 | gystems, e 1123.909  (OlH]) ceereeeeens 154
23.787 SIEA e 127 | Definition. 23.910 SHZEA Z=k =
23.791 L7 ME FA| 23.910 Powerplant T 40
108 installation hazard 53 915 A= M2 x=m 7
93 803 HIAL EHE . 128 ASSESSMENT. wrreerrrrerrremranrraeaees 1 B e 20
_ Means of Compliance. -
23.805 Hg &5l d|a Means of ComBHanCe. 23.920 AZFE AS oo 40
EFE oo, 109 | Means of Compliance. 23.925 EBAX AE EA fo
i Means of Compliance. : o e
23.807 H|af EFEF 129 . 40
23.811 HIAET FA| -l 20102 Landing.....98200a3.929  (offt]) rnrrnee 155
132 23.930 QAE HE e 40
23.812 H|A =9 23.933  (0f|t1]) -errreeeeee 156
H|AFS ~ .22..Q¢ [0} | H=1 D I T T,
23.813  HI&ST €2 1556w [anding ™ gear | 28-984 (L'j o 1|57
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135 Systems .................................... ‘] 23935 o OX' = ':|J_|-
23.815 E_IIZ_—O—l = 136 Means of Comp”ance. HH7| 71'% """""""""""""""" 40
23.831 B[ e 136 | 23.705 Landing  gear | 23.937  (O4[H[) -ooeeeeeeeen 157
SyStemS .................................... 1 23939 (O:”HI) ________________ 157
CiAH E 23.1315 Equipment, systems | o3 g40 SRR ZY BE e
2384‘] O:lotzll' 7_|H/é| 137 and |nSta||at|On ...................... '] 40
23843 O:ilojl' Al%ﬁ-{ 141 MeanS Of Complianoe. 23943 (O:”tll) """""""" 158
23.705 Landing gear
EI‘XH %l'xl SyS'[emS .................................... ‘I OI_I E ;H OE
23.851 BT e 141 23.705 Landing gear 23 951 (O1|I:I|) ................ 158
23853 7_|-||AE| E_J %_?_—?__I SyStemS .................................... 1 23953 (O:”I:II) ---------------- 158
Al |_|.|_l?l_ ........................... 142 v (o i 23.954 (o;”ul) ................ 159
3 3 eans of Compliance.
23.855 =l=4& 3HAErX| - 'M’é’éh's’"b’f"Cc’jhﬁ'Bliance. 23.955  (O[H]) soeeeeereens 159
144 23.705 23.957  (O[H]) -rereeereerenes 161
23.856 /28 Mol x| 28.705 Landing  gear| o3 959  (offti]) -rroreee 161
R 145 | SYSIEMS. wrorremrrmmessseseees 11253 961 T E— 162
Means of Compliance.
23.859 92 7kE7I9l | yedne of Gompliance. 23.963  (OffH]) e 162
=l W =1 N [T 145 | 23.705 Landing gear | 23.965 (O H]) -eveeeemeenen 162
23863 7|‘O|_Ao-{'|?r_‘” il‘xH SyStemS. .................................... 1 23967 (O:”HI) ................ 164
BER] ovoeeeeeeeneeseeeeeeeenennn Means of Compliance. Of [ H[) wooverereeenes
&l ! :47 23.1315 Equipment, systems 23.969  (fHD) 165
l=<=X¢%| | . | 292071  (ofldH]) ---rrriiiirrrss
23.865 H| &l =E AR, and installation, e 1 23.971 (odlel) 166
(=] ol Sl =21 02072 (odl”H]) seeeeeeeeeeannns
dEotzE A HRETES | 53 705 Landing  gear | 23-973 (of81) 166
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§|_7(H|:1|-7(| ......................... 148
M7|™M 24 gl g
HExx|
23.867 Liz|of XA 7|
wHXE fst MIIHE HE
E‘cl E§5_| ................... 148
71El 24
23.871 4 X 4

149

Subpart E &2 &%
ot

23901 JC(’IJE'I- .............. 149
23.903 Al E] e 150
23.904 A-SolEF=H|
o P = Rt 152
23.905 IZ2HED - 152
23.907 IZ=zEZo AZ -}
153

23.909 EHE 27| 154
23.925 Z=z@p{o| 7+A -
154

23.929 ORIFH|o| gyl ..
155

23.933 A= AlS 156
23.934 EHEME % H
Hi AlRlel AFHER Al
B e 157
23.937 HE Z=zHg
st Mok HE e 157
23.939 Qe 28 &
gl ..................................... 157

23.943  F(-)2 Jt&EE
158

HEAE
23.951 QI 158
23.953 HAERA S =8 -
158
23.954 ARA SO cist
L;|L§| BEX| ceeerrermmmemeennnnes 159

SyStemS. .................................... 1

Means of Compliance.

Means of Compliance.

23.705 Landing gear

SYSTEM S, oo 1

23.1500 Flightcrew interface. -
;

23.710 Buoyancy for

Means of Compliance.

23.320 Ground and water
|Oad Conditions. ...................... 1
23.710 Buoyancy for

seaplanes and amphibians. 1
23.710 for
seaplanes and amphibians. 1

Buoyancy

23.1500 Flightcrew interface. --

1

23.755 Occupant physical
23.755 Occupant

environment.

physical

23.1500 Flightcrew interface. --

51 DT TR U TUTOURRORRR R
23.755 Occupant
environment.

physical

23.755 Occupant
environment.
Means of Compliance.

physical

23.1405 Flight in icing
CONGILIONS. e 1
Means of Compliance.

23.755 Occupant physical
enVironment. ............................ 1

23.1500 Flightcrew interface. --

y
23.1500 Flightcrew interface. -
;

23.1500 Flightcrew interface. --

T —

23.750 Means of egress
and emergency exits. = 1

23.
23.
23.

23.
23.
23.
23.
23.
23.
23.

40

23.

23.
23.
23.
23.
23.
23.
23.
23.

23.
23.
23.
23.

23.
23.

23.
23.
23.
23.
23.
23.
23.

975  (Of[H]) -eeereeeeeeens 167
YRGS 167
979  (OfH]) <o 168
HEAEHE
991  (Of[H]) eeeeeeeeens 168
993 (OfH]) rererreeeens 169
994  (O[H]) -ereeeeeeens 170
NG 170
997  (OfH]) e 170
999  (OffH|) e 171
1000 SR s 25
1001 (OffH]) wweveeveereees 172
1011 (Ol[H]) weveeeeeee 173
1013 (OflH]) oo 173
1015 (Gl[H]) wwereeeeeeen 175
1017 (Ol[H]) wereeeeee 175
1019 (Ol[H]) wereeeeeeee 176
1021 (Ol[H]) woroeeeeen 176
1023 (OflH]) oo 177
1027 (O[H]) werreeeeeee 177
L4zt
1041 (O[H]) woreeeeeee 177
1043 (OH]) wereeeeeee 177
1045 (O[H]) wwereeeeeeee 178
1047 (O[E]) oo 179
SHU-HE
1061 (O[H]) wereeeeeeee 179
1063 (Ol[H]) wereeeeeen 180
E7HS-
1091 (O[] oo 181
1093 (OfH]) oo 182
1095 (Ol[H]) wworeveeeeee 183
1097  (OflH]) =reeveereenes 184
1099  (Of|H]) -eveveerees 184
1101 (Ol[H]) woreeeeeeen 184
1103 (Ol[H]) wwerreeeeeee 184
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23.955
23.957

Az7be A=

23.959
161
23.961

A0 A 2|

23.963
162
23.965
162
23.967
164
23.969

_g_?_} .................................

23.971
166
23.973

23.991
23.993

gl o{A
= [y

23.994

23.1001

172

23.1011

Means of Compliance.

23.515,23.600 Special
factors of safety, Emergency
landing conditions. e 1
123.600(8)Emérgency landing
Condition3. ................................ 1
23.755 Occupant physical
enVironment. ............................ 1

23.750 Means of egress

5 ..|.and..emergency..exits. - 1

Means of Compliance.
23.750 Means of egress

Means of Compliance.
23.750 Means of egress

L.and..emergengy..exits. s 1

23.750 Means of egress
and emergency exits. weeee 1
23.750 Means of egress
and emergency exits. - 1

23.750 Means of egress

Means of Compliance.
23.750 Means of egress

and emergency exits. - 1
23.750 Means of egress
and emergency exits. = 1
23.755 Occupant physical
enVironment. ............................ 1
23.755 Occupant physical
ENVIFONMENT, «rrereerererseeeees 1

Means of Compliance.

23.755 Occupant physical

enVironment. ............................ 1
23.800 Fire  protection
outside designated fire
ZONES, rrorrererrsrerrresr s 1

Means of Compliance.

-23.800..........] Fire......protection..
outside designated fire
ZONES, srreerrrrerrersrssn s 1
Means of Compliance.

23.800 Fire  protection
outside designated fire

105 (Of[H]) eeereeeenes 185
107 (OdH]) woeeereenes 186
1109 (OfH]) woevereenes 186
A1 (Of[H]) weeeeeees 186
TEIETE]
121 (Of[H]) e 186
1123 (OfH]) weeeeeees 187
4125  (Of[H]) weeeeeees 188
A141  (Of[H]) woeeeeees 188
142 (Of[H]) woeeeeees 189
143 (Of[H]) ereereenens 189
1145 (Of[H]) woevereees 190
147 (Of[H]) woeeeeees 190
149  (Of[H]) woeeeeees 190
1153 (Of[H]) woeeereenes 191
4155 (Of[H]) -eeeeeees 191
A157  (Of[H]) woeeeeees 191
4163 (Of[H]) -eeeeeeees 191
165 (Of[H]) eeereeeens 192
4181 (Of[H]) woeeeeeees 193
1182 (Of[H]) weereeees 193
1183 (O[H]) weeveeeenenn 193
1189 (O[H]) weeveeeenene 194
191 (OfH]) weeeeeees 195
1192 (OfH]) woeeeeees 196
1193 (OfH]) woevereenes 196
1195 (OflH]) weeeeeeeees 197
1197 (OflH]) e 197
4199 (Of[H]) weevereenens 198
1201 (OfH]) woeeeeees 198
1203 (Of[H]) eerereenens 198

Subpart F. ZH|

.......... %_El!
1301 (Of]t]) coovvevvs 199
1303 (Of]tH]) < 200
1305 (Of]tH]) < 201
1306 (Offt]) «oveees 203
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23.1013 S &7 E437 ey
173
23.1015 7w @39
A|6{ ................................. 175
23.1017 &% AS<9
HY 2T Q420 v 175
23.1019 2T ofmY|
al EiEi ........................... 176
23.1021 7w AS<
H S L e 176
23.1023 w7 HZ7]
177
23.1027 Z=zHz| HOH
Eo'l 71|% ........................... 177
2t
23.1041 Lk 177
23.1043 HZAIH ---177
23.1045 EHoldl AdzS
T oh HZtA Y - 178
23.1047 IAE QlZo0|
TH[E d|™lT[e] HZAIH
I:é)l-l:él ................................. 179
2t HE
23.1061 §§H| ........... 179
23.1063 ‘H2toH B 39
A|3l ................................. 180
748
23.1091  S7|E5YAS -
181
23.1093 EQUA|AE 9
%QEJE}I| ......................... 182
23.1095  7|=}7| gigloH
O FEF 183
23.1097  7|3}7| uiuloH
9| BEF 184
23.1099  7|3}7| wiuloH
HEo AMMA 184
23.1101 =237 o
7é|-j(|_0_| /\E'lj;” ................... 184
23.1103 S7IH&E9 =

23.800 Fire  protection
outside designated fire
ZONES, wrerrrrrrrsrressren 1
23.800 Fire  protection
outside designated fire
ZONES, wrerrrrrresrrserer 1
23.800 Fire  protection
outside designated fire
ZONES, rorrerrerrrrrrsr ‘]
23.800 Fire  protection
“outsider designated fire
ZONES, wrerrrrrresrrrrsr 1
23.800 Fire  protection
outside designated fire
ZONES, ++eeeresemssesrisisnsiiniie 1
Means of Compliance.
23.800 Fire  protection
outside designated fire
ZONES, ++oererereesesnrmnieniiiniie i, 1
Means of Compliance.
23.805 Fire protection in
designated fire zones. == 1

23.810 Lightning protection
of structure. »rrmrrereee 1
23.1320 Electrical and
electronic  system lightning
protection. ................................ 1
Means of Compliance.
Subpart E—Powerplant
23.900(c) Powerplant
|ns»t-a”at-io-n:----.-.-.-.-.-.-.-.-.-.-.-.-;.-;;uuu;u.u.-f]---
23.900(b)

23.900(b)

23.900(b) Note: In addition
to 900(b) these rules are
covered under Part 33.63,
76, 77 and 78, e 1
23.900(c)

23.900(b) Powerplant
protectlon ................................ 1
23.910and23.920 Powerplant
installation hazard
assessment; Reversing

-23:4307  (Of|H]) e 204
23.1308  (OffH]) wworeeeeenns 504
23.1309  (OflH]) eeeveeenes 205
23.1310  (Of|H]) -oeveeeees 206
A7}

23.1300 sy == HE
Lo SRR 40
23.1305 7|=s2f EHEF ... 40
23.1310 dH|&l 3talint =2
EER| AT oeevereeeeeeeeeenns 40
231311 (Of|H]) -ereveeees 206
23.1315 ZH|, A=D} ZH&t
40

23.1320 MI7|™Mnp MAA
HE D2 HE 40
23.1321  (OfH]) sreeveeeeees 508
23.1322  (Of|H]) -rereeeees 209
23.1323  (OfH]) sreeeeeeeees 509
23.1325 TDZE FAp7| @
A HAHIRF) BF oo 40
23.1326  (OflH]) sreeeeeeeees 519
23.1327  (OdIH]) ererereene 219
23.1329  (Of|H]) -rereeeees 219
23.1330 HE H2{ MAb
b o o T 40
23.1331  (Of|H]) -rreverees 214
23.1335 QEQl =ZEAl =
o 40
23.1337  (OfH]) sreeeeeeeees 514

i 53 N,
23.1351  (OdlH]) erereeenene 216
23.1353  (OfH|) weeevervenes 219
23.1357  (Of|H]) -eereeeeens 220
23.1359  (OfH|) «eeveeeerees 551
23.1361  (OfH]) reeeeee 591
23.1365  (OfH]) sreeeeeeeees 500
23.1367  (Of|H]) -oeeeeeees 299
St

23.1381  (Of|H]) -reverees 209
23.1383  (OfH]) sreeeeeeees 553
23.1385  (Of|H]) -eereereees 203
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23.1387  (Of[H]) e 223
SyStemS .................................... ‘] 23 1389 (O:”Hl) ______________ 224
23.405(d) Structural 23.1391 (01||:||) .............. 225
durability. s 1 23.1393 (T 295
_T'|:|- ..................................... 184 | 23.925 Powerplant 53 1395 (0=|||:||) .............. 56
23.1105  &7|A&<el £ | operational characteristics. - 1 031397  (Oft]) crrrernn 596
B 185 | 23.915 Automatic power 93.1399 (O1|I:I|) .............. 596
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5 [N 186 123.910(a)Powerplant -
~ | installation hazard | 23-1401  (OlE]) e 221
23.1109 HEDSY| F 1| 23.1405 Al AE[O|| Al H|
& 27| A (Tubocharger | 2559%sment o .0
bleed air system) Note: Intent covered under| <
y g | PRI 35, i 1]23.1410 OoiY HE 24 40
03 1111 Siolul ofx = 23.905 Propeller installation. - HMEH
3. _ '|O'||_ [y ) 1 23 1411 (01||:||) .............. 229
= o
IwEAS 186123.940  Powerplant ice | 23.1415  (OfH]) - 229
H = .
H7|I71| S DFOTEGHION. wreveeesssresssressserniss 11231416 (O4[H]) eeeeeens 299
[ I = | S
23.1121 et 186 | 23.905 Propeller installation. { 931419 (GlH][) «-eeeeeeeen 229
23.1123  H{7|HS - 187 | 1
23.1125  Hi7| LW ET| {03:g Qe Powerplant SV el Abu|Z
188 installation hazard 23.1431  (OflH[) wwerrerreeeee 231
assessment ............................. 1 231435 (O:”tll) .............. 231
SHEX| Aol & £ Note: Intent covered under 031437  (OfH]) e 530
23 1141 %Eﬂ.g‘ilﬂ = part 35, e 1 23'1438 (01||:||) ............ 035
RERFR| 0 QA HE e 188 '
Ol H[) «evevenenenen
oy rsl of | 23.900 Powerplant | 231441 (ofH]) 233
231142 E—I—oﬁoxl—‘ . 231443 (O:”HI) ______________ 233
FEEFEFR| wovverevveivnseeninnns 189 | Installation. e 1 '
031143 ol &l mxbmrx| 423910 Powerplant | 23:1445 - (CH81) oo 239
o EE S nstalation hazard | 231447 (Of8) o 235
231145 EEiasix| 190 ASSESSIMENL, w-eresrereresreeseesseesseens 1123.1449  (Od[H]) -reeeveeeens 237
MSIA R X ) )
' . N ey | 23-905(c)installation. - 1]123.1450  (Od[H]) -oeeeeeees 237
237 = .
23.1147 a7l == 23.940 Powerplant ice | 23.1451  (OflH]) «evevevenene 237
B s )
iy i H| ;190 DI’OteCtlon -------------------------------- 1 23 1453 (O:”tll) ______________ 238
23.1149  Z=2Ee 2H | 53 920 Reversing systems. 1 | 03 1457 xZA =47 =2
2 X HXEHZA 190 | 23.920 Reversing systems. 1 | x| oo 538
231153  Z=2EH HH | 23.920 Note: In addition 10 | 55 1459 IS 7| 2 XFR| - 241
ST S N I 191 1§ 23920, this rule is |55 4461 G LT 043
covered under § 33.97. - 1
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O PART23 7HWetat felvtet &37] ¢bd 71=7]=(KAS 7]15) |9 v
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§ 23.100 Weight and center
of gravity.

(a) The applicant must
determine weights and
centers of gravity that
provide limits for the safe
operation of the airplane.

(b) The applicant must show
compliance with each

23.100 53 A =4

o
oAl =t 75t d&

requirement of this subpart iE
23.100 8US. L = =

at each combination of ALEsto H|#T|o| BtE =A

weight and center of gravity | 2l #¢| 2tolA 0| Subparte

within the airplane’s range of | 2 @740 Materg 2t &1}

loading conditions using FH SAel ZTetdlM Ho{F

tolerances acceptable to the | 0{0f StCt

Administrator. (c) 350 ZH SMs

(c) The condition of the Zd85te Aol d|ET| AbEf

airplane at the time of = & dMolz[1 #HH ut=E

determining its empty weight | = 2l0{o} i}

and center of gravity must

be well defined and easily

repeatable.

§ 23.105 Performance data. | 23.105 4 & o|olE

(a) Unless otherwise (a) B2l #d stx| gt=ctH

prescribed, an airplane must | H{@#7|& ChS oM 0|

meet the performance Subpart?| ds s =
23.105 U S. requirements of this subpart | 5t00F StCt,

in—
(1) Still air and standard
atmospheric conditions at
sea level for all airplanes
and
(2) Ambient atmospheric

(1) 2E H#IIE 2 HA

37|12t oo ZEE Cf7|

SHEN
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conditions within the
operating envelope for—

(i) Level 1 high-speed and
level 2 high—speed airplanes;
and

(i) Levels 3 and 4 airplanes.
(b) Unless otherwise
prescribed, the applicant
must develop the
performance data required
by this subpart for the
following conditions:

(1) Airport altitudes from sea
level to 10,000 feet (3,048

% H[37]

(i) =% 32} 4 H|HT|

(b) E2| #A St ghectd
AMEXE ch3ol MEfolAM O
Subpartoll °lsf 2FE= A

tofof otct.

(1) £E  3,04800H
meters); and _ ~

(10,000%| E)2st D E7HX| 9|
(2) Temperatures from _

a& 15
standard to 30° Celsius

(2) E=5H mx /=2 MM
above standard or the -

, , 30° EE= AMES B FE W2
maximum ambient o ofs xatMo| ol=g
atmospheric temperature at

Hich | N = Zof g7t 25 5 4
which compliance wit
s P i 2 =K
ropulsion coolin
brop N (c) OIEX &5 AHol2 HH
requirements in climb is _ _ _
, s5t7] 2|8t HXt= MH|A F
shown, if lower. _ _
(©) A2 ost= Zo| o E== Oi7|
c) The procedures used for
P MeolA BE 7150] Us =
determining takeoff and _ _
and q o SA ol XHEMo=z A
andin istances must be
N sjojo} sich
executable consistently b )
o w2 ol el mmael de
r n
priots ot average sKil | M5 dlolels 7| Aeh, W
atmospheric conditions o moMI S0 st 7|
expected to be encountered Eb @0 J]olat AAS Do
in service. j _
afjof it
(d) Performance data
determined in accordance
with paragraph (b) of this
section must account for
losses due to atmospheric
conditions, cooling needs,
and other demands on
power sources.
§ 23.110 Stall speed. 23.110 A=
23.110 gi3. , . _E = ~ ._
The applicant must AMEXE= H|[@I| AL E= Of
determine the airplane stall g, A5, &8 st g2 ¢
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speed or the minimum
steady flight speed for each
flight configuration used in

=5 S Zesto] HA 2E
normal oplerat|ons,l including MBS 2t Ha HAS 9
takeoff, climb, cruise, St oA FMA jEl 22
descent, approach, and mslof sich 7t AmMe =A
landing. Each determination Ee Rz =0 £ MME
must account for the most o i
2t b|sisale 98t It 2e
adverse conditions for each _ _ _
ot AEfE e{sliof Sict
flight configuration with
power set at idle or zero
thrust.
§ 23.115 Takeoff
performance.
(a) The applicant must
determine airplane takeoff
f i 23.115 O|§ M &
erformance accountin
° ? (a) AEAE ciSe Das
for—
Hg7]| o|F M52 ZHs|of
(1) Stall speed safety stct
margins; =
IS (1) A% obrg
(2) Minimum control speeds; _
(2) HAH =™H &5
and N
. . (3) A& i
(3) Climb gradients. N - =
(b) F I air| Keoff (b) ZE H|™#7|e| B O|F
or all airplanes, takeo Moo x|alEt=ol o|EFHO
performance includes the o _
o E8H 150|E (501] E)7HX|
determination of ground roll _ o
=7 ME HEIE ZEtshc.
and initial climb distance to N N
o (c) == 1, 2 2 3 1% cfgt
23.115 gl 3. 50 feet (15 meters) above N _
HgHZ[, z|tf 0O|F &Eo|
the takeoff surface. - =
5,670 Kg(12,500lbs)E =2}
(c) For levels 1, 2, and 3 L N
Hiah q tiena st= Cigh dH|g7[et =F 4
igh— multiengin
ghmspeed multiengine cha bjsivlo] AT 0|8 MS
airplanes, multiengine _ _
- ith . 2 A E FEol FOsH &
airplanes with a maximum _
P | Al =0l ct2 A2l AMES =
takeoff weight greater than —

12,500 pounds and level 4
multiengine airplanes, takeoff
performance includes a
determination the following
distances after a sudden
critical loss of thrust: (1)
Accelerate—stop;

(2) Ground roll and initial
climb to 50 feet (15 meters)

(2) Xtz o|FHEH

o=

FH  150|H(50¥ E)7HX]|

=

(3) &= O|F H|H HE
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above the takeoff surface;

and

(3) Net takeoff flight path.

§ 23.120 Climb 23.120 &5 A

requirements. MEXE=E XHsnsE "ot

The applicant must Ct=ol =4 A48 A58 AN

demonstrate the following ol OF Stch

minimum climb performance | (a) 2& 2Zlo| Ztzstn

out of ground effect: 7| & FaolM

(a) With all engines (1) =& 1371 2 X% H|g7|9

operating and in the initial 22 ST = siHolAM

climb configuration— 8.3% 3 oHaH|MTI| E=

(1) For levels 1 and 2 low SLSH™-T| = 5 =2 ofl A

speed airplanes, a climb 6.7% A& Tl

gradient at sea level of 8.3 (2) =& 11t 2 1= H|@7 |2

percent for landplanes and 2E £F 3 HH#Ie AR

6.7 percent for seaplanes O|FollM 4% &S Tl

and amphibians; and (b) chgt dHig7|o] A F=

(2) For levels 1 and 2 =M =

high—-speed airplanes and all | (1) Etdt S=o|HX| EF 2

level 3 airplanes, a climb A8 FFSHK| XSt =F 1

gradient at takeoff of 4 o 2 X dH|gT|e] A &
23120 gle. percent. ) £} 304{%9%_ AH T 1,524

(b) After a critical loss of 0|E{(5,000T E)ollA 1.5% &t

thrust on multiengine S Tl

airplanes— (1) For levels (2) == 1, 22} 3 XM& H|dH

1and 2 low-speed airplanes | 7|2| B¢ XHFHX= FI E

that do not meet single M2 0|F "HAME I O|F

engine crashworthiness EHozEE 1220/ (400

requirements, a 1.5 percent | E)dlM 1% A5 i

climb gradient at a pressure | (3) =& 3 1= H|37|2} 2

altitude of 5,000 feet (1,524 | & F=& 4 dH|dl7|o| HE =

meters) in the cruise S&x= d0 EY¥ol =2 ¥

configuration; A2 JHX1 [S 3 Mof A

(2) For levels 1 and 2 1220|E{ (400T E)oll A 2% At

high—-speed airplanes, and S Tl

level 3 low—-speed airplanes, | (4) =& 13} 2 & H|&7]9|

a 1 percent climb gradient
at 400 feet (122 meters)
above the takeoff surface
with the landing gear
retracted and flaps in the
takeoff configuration;
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(3) For level 3 high—speed
airplanes and all level 4
airplanes, a 2 percent climb
gradient at 400 feet (122
meters) above the takeoff
surface with the landing gear
retracted and flaps in the
approach configuration;

(4) At sea level for level 1
and level 2 low—speed
airplanes; and

(5) At the landing surface
for all other airplanes.

(c) For a balked landing, a
climb gradient of 3 percent
with—

(1) Takeoff power on each
engine;

(2) Landing gear extended;
and

(3) Flaps in the landing
configuration.

23.125 |l3.

§ 23.125 Climb information.

(a) The applicant must
determine climb
performance—

(1) For all single engine
airplanes;

(2) For level 3 multiengine
airplanes, following a critical
loss of thrust on takeoff in
the initial climb configuration;
and

(3) For all multiengine
airplanes, during the enroute
phase of flight with all
engines operating and after
a critical loss of thrust in the
cruise configuration.

(b) For single engine
airplanes, the applicant must
determine the glide

23.125 A5 A

(a) MEHX= ch3el B2 &
S MsS ZHslof stct

(1) 2E ctet djsliv|el B2
(2) =& 3 cCgt dH{gr[e &
F 7| AME HAMOZE 0O|F
S A F £40] U= 0]
Zol

(3) =& ciet d|siv|o] AL
D= dRo| Azst= S E H|
ik Sotnt =3t g AlofA
A = 240 U2 F

(b) chgt dHigI|e] AR AMF
A= 2tMst F3 &M F d|
470l &8 Mss ZH S0
of stC}
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performance of the airplane
after a complete loss of

thrust.
§ 23.130 Landing.

The applicant must
determine the following, for

N
w
@
o
N
N

standard temperatures at

-

each weight and altitude A5 S et 2ETHA Wel Zt
within the operational limits Zto| Z2knl NZoM EFE 2
for landing: Lo B MEXE= cteE &
(a) The distance, starting & stofof ot
from a height of 50 feet (15 | (a) S E™ |2 150/E{(50
meters) above the landing o E) =0[|olM A|ZEISt] EHF
23.130 U =. surface, required to land and | 8t MX|st= L= =4 28
come to a stop, or for water | 2] 2% 3 £E &HZo EE
operations, reach a speed of | st= 2|
3 knots. (b) H 7|8 JHEl =BAt
(b) The approach and 7t 2T He|E XHHe=E &
landing speeds, ao|Lt Bats oK e
configurations, and g 3 8st= HZH HFE &£
procedures, which allow a Lo PN =N

pilot of average skill to meet
the landing distance
consistently and without

causing damage or injury.

O PARTZ23 7NAg<ta dAAle] 43 vluxi
- PART23 /WM& F1 FA  “Revision_Airworthiness_Standards_Normal_Utility_
Acrobatic_Commuter_Airplanes_ NPRM.pdf” 2] Appendix 1 to the Preamble —Current to
Proposed Regulations Cross-Reference Tabledl 7]&2] FAR PART23¥ 7fA<HS A=
H g 4 e A% vlairt 5
- o] Hol B HuAoA= oF FETE ol Fo FA|S

F 10 FAR PART 23 7H& ot siAjel ASH|WFHE

Current ] , )
. Title Proposed Section Proposed Title
Section
Subpart A—General
23.1 Applicability 23.1 Applicability
23.2 Special retroactive - ——Deleted——
, , Certification of normal
23.3 Airplane categories 23.5 )
category airplanes
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23 10 Accepted means of
' compliance
Subpart B-Flight
23.21 Proof of compliance 23.100 Weight and center of gravity
23.23 Load distribution limits 23.100 Weight and center of gravity
23.25 Weight limits 23.100 Weight and center of gravity
Empty weight and
23.29 corresponding center of 23.100 Weight and center of gravity
gravity
154 A5
- PAV A7 AFE& A A A5l M= st ofgfiet 2ol bt
&o8 FIEAS
E 11 PART232| PAV MAH AHZ JiHct
PART 23 3t=2 JH™ oF PART23 U2 i el PART23 HYE
§ 23':.0 Accepted means of 0§ 2310 4t MBN S o
compliance.
(a) A licant t show th =
a) An applicant must show the
n b pi S (a) A= ofEH Bo| EES
.OWI Wl. emons ra el matslol B e s 2 ataol ofsl
compliance with this part using a sotEl et OlE uis
o means of compliance, which may A= 310{ 0| DElo| Maats
23.10 RK=. include consensus sténQards, ol=a Holsl= Ze=mEEo|
accepted by the Administrator. _
, Ho{Fofof Sicl.
(b) A person requeshhg acceptance (b) Metd o= uiulo] s2te
of a means of compliance must QxS Al2le TemE Lo
oS of— = U5 S it
provide the means of compliance B -
0 the FAA | ; q ol HHE AT HiHO R
o .(? o |rlha orm and manner SEmES ATl A MEM ol
specifie e
pectied by st S HB3tojof shot
Administrator.
- N _tel ApAMlgE A HSWHol BMAIEA Fgoernw v|Eo A HITHHY
aUE AMgEkE Aol 4dstta wey
- FJAFS Y3 A E AT HSLHMOC, Means of Compliance)<
37 AA} FASE A% A V1FE DRASNEL FFEA AU
dlAA, RAA R FAEL FEAA AEse Bwe dusie, deUye s
Ald, AAE 29 5 F 102 &7
12, Mgtd 234 (MOC) ER7ZIE
HS A S Ay = Xz
0 ol Che Mol Es S A /71 /A 2| (Statement
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etc.)
- MStM Mol QTFALE A

gl oldlA}at
2Ee (Zz 2HQ) — AlAEIHO| ABE MAH J|E
- SAIMY UUEEA
7| =2 M (Descriptive Documents)
I A 74
AM Cojpf ZFe D= J_D'j’ Ej:”:'E
Eﬁl_Ln_:iJ—l' = T'__Aie
=M - 7| EEAM/FEM/ eI
1 AASHAHLE FARYS ,
AL - AMzE 2 3™, BoM(il of
ANERE ZHE HB _
meterials)
— Standards and Norms, Similarity
Al &HEH A1 (Calculation/Analysis)
stE, 88, Ms, - Sl M(Loads, Stress, Performance
5 S MI| 55t Soll sl s)
o |25 =t AH |- Ol2H ol IS4
Ms S5l AS - HI7|H 55t oA

|
- 3% ¥ CG.

AME|M | HH|M | ME|M, Hu|M, ok M oL
3 RM&S =4 oFM M1} 2ted 510 (Reliability, MainTainability & Safety
=4Mol e|st HE Assessment)
Lab/ HAEXlo| Al Rig EE= | Laboratory/Bench Test
4 Bench HE AMEMHIE 288 | - Al E10M, Bench Test 2£1M
Al AldE 88l 45 - SSAE EIA
sta7| X|AFA|SH
stmo| Afelol stS7| X AAH
5 PNPINE=:| round T n Aircraf
| &HA | E XAAE S B3 2= (Ground Test o craft)
- X[MAIE EIOA
st2 7| xtelo| H|sl sFz 7| d|slAlS (Fli
5 st A 3 st=57| Xhele| dldl st=7| H|MA|E (Flight Test)
ANEE S8l 2SS - HEAE 20N
as70M FdllE= stz27|] ZE/MH 2 (Review/Demo. on
Z+t= H = HAl EE= i
st 2a | O | AZ AAt Aircraft)
7 ol Al 57| - Z4 E(Static Demo)
=T Mock-upOll A2 AlHE | - Hu|A o2, ¢ d=
sl 45 - 37| Y AIAE HA}
_ Simulation on Bench
Al 2ol g 3510 ,
8 29| oy = - AlZ8lo|d ¢l 2 (Dynamic)
- - HISAIE Al S8l
TME olZ(Equipment Qualification)
THE Re 4B - A7 2 MEs XE, Software 21&
9 THE 2B olE Z1E &&5t03 | - TSO(Technical Standard Order)
Aa4s — Specified Aeonautical Equipment
- FAE AA 2 AE
N/A SIEHE AZS ojato| ot

O PAV AA &)

- Hae =iy e

ZHA aFxdoE A%

c A8 Ao TH

=]

=
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A oolggk A7) Hae A A Alole] BlalFEA](Trade Study)o]l 283
- S 2339 10000719 Bel AFFFeI} BRI RED Sl B8PS ¥
o7] $l8te] MEERL} ANIER ] 7149 o] 25 GFw Suiet A4 o)
- Li et al[4]¢] Aol A PAVY F38H2 ¢l QA8 2 Zx X2 ol F b o] A A3}
ow AFA, AFFHAT D 2F FTHEALFS ALEA S
T 14 PAV 3&8t™ol @ A=A
3 @F=xEA 7|= EEX
=5 st £ 100~250 kts
~F H|sd A~2(dB) <79
28 AlZt = 28 AlZk(hr) <3.5
VTOL<100ft, ESTOL
ol§ Hel 50" MOE sAHEl 7I=(ft) <250ft, STOL<1,000ft,
CTOL<3,000ft
obxd AlDg : uiak d|SAIZE B XEE <5
Al1g
WNERS & Aol HAIZHMTBF @ Mean >80
(Reliability) Time Between Failure (hr))
HMu|M(Maintain | AH| Afole] HAFAIZHMTTR : Mean 50
ability) Time to Repair(hr))
=¥
Held(Ease to ﬁr:e Rle uwementsng)')q franng <20
Operation) a
. O|&%X ZA|ZHTTBT : Total Time

71s4 <0.

| (Mobility) Before Takeoff(hr)) 0.3

A= 1 Y. Li, D. DeLaurentis, and D. Mavris, Advanced rotorcraft concept develop-
ment and selection using a probabilistic methodology, AIAA 2003-6759, 2003.

— o} A 219
.ﬂ_g_s]—

S PAV MEAA A2 YetiE adoln S4 1Y
Aol gof W

= E
= o
MNEES

Jepy

Muitpie Reratbons C

an be Complete Based on Schedule Constraints

< PAV 27 dAE

v

Design Specification
| Requirements

Problem
Definition

«  Determine Market
« ldentify Constraints

v

Promising
Concepts

Concept
Generation

Architecture

Technology Inclusion

Disciplinary Analysis

Analysis Toolset

First Order
Analysis

« Identify Discrete « Identify Modeling « Execute the
Alternative Techniques Modeling
Architectures = Set up Modeling Environment for

+ Down.select 10 an Environment Continuous Space

« Examine Results

NO

YES

8 39. PAV JHEAA ot
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Empty weight 11kg
Max takeoff weight 15kg
Max Thrust 5.8kgf
Wing Area 0.848m’
Wingspan 2.120m
Canard Area 0.225m’
Horizontal tail Area 0.075m’
Vertical tail Area 0.152m’
Length 1.540m
. Flight 2.120m
Width —
Driving 0.900m
) Flight 0.405m
Height —
Driving 0.600m
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Ep | T 2E e A|AH Propeller
zzHep S80|l= 3.00
=2 ANZ e Avgas
Bx/EAE HiEZ| FALSE
A gl FALSE
X8 AHx| 22 Ax| At Quad-Cycle
|E} Fd| ofojzd 3! ekl FALSE
H|AF CFafAl FALSE
R TRUE
1-3-O =453 &37] A4 € 7l FY
O =WF38 37 AA 2 7& FgE fste] A nl=roll A dtE o] vlAF7L=] a
Z =dlFy PAV F b Ag3 2w A3t £H3I Terrafugia Transition¥
Aeromobil 3.0¢ i3l 7l AE A B 5§ ZALE TSRS T3 AA o]
&2 Toyota®] aerocard] el = £33 EXS F39 S

O Terrafugia Transition?} Aeromobil 3.0 445 H] X

¥ 19 Transition® Aeromobil 3.0 A

s HlAE[14-16]

Terrafugia Transition

Aeromobil 3.0

S| unit

US unit

Sl unit US unit
Capacity 2 Seats 2 Seats
Road-Size(LX 6m x<2.29m X 19ft 6in X 7ft 5.99m X2.24m 19ft 8in X 7ft
W<XH) 2.03m 6in X 6ft 8in X 1.60m 4in X 5ft 3in
Flying—Size(L><X | 6.02m X< 8.08m | 19ft 9in X 26ft 5.99m X8.32m 19ft 8in X 27ft
W X H) X 1.98m 6in X 6ft 6in X 1.60m 4in X 5ft 3in
Max Take Off
, 648.64 kg 1430Ib 648.64 kg 1430Ib
Weight
Empty Weight 439.98 kg 970Ib 449.96 kg 992Ib
Max speed 185.2 km/h 100 kt 198.164 km/h 107 kt
Cruise speed 160 km/h 86.4 kt - -
Stall speed 100 km/h 54 kt 83.34 km/h 45 kt
Take—off
- - 129.64 km/h 70 kt
speed
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Range (Air) 660 km 410 sm 500.04 km 270 nm

Range (Road) 1295.52 km 805 sm 595.46 km 370 sm

Take—off Roll 30.48 m 100 ft 164.592 m 540 ft
Landing Roll 30.48 m 100 ft 50.292 m 165 ft

fuel

consumption 18.93 L/h 5 gph 15.14 L/n 4.0 gph
Wingspan 8.11 m 26.6 ft 8.321 27.3 ft
Power plant 1 X Rotax 912 (75kW) 1 X Rotax 912 (75kW)

O Transition &3]
- Transition 2
=]

Transition

, A5 BAeA=

2 “flying car”

"flying driving vehicle” ©]2} & $H17]
~ Transition &8 <] w7
19184 Felix Longobardit= =W 372 L4z oz AlgE &= Qe &
Sl #al A HA 53 (US. pat. No.1,286679)5 =
o] % 88y AA, v} o] 7heg EEFawd ek NP #HE SRS 5
71 g, o] fofx Wo] Ko A Ay d-dd del A
AAR A4y 71 #d"l AL Moulton B. Taylore] E3](US. pat. No

2,767,939) %)

57FA “Aerocar”®] d&@ o] 919 53] oA HALHE

Aerocar @4 v AH &-F=F(Federal Aviation Administration, FAA)2] Z14191
W 7kek 34 2] =1 (Civil Aeronautics Administration, CAA)el 2]&f <=

- Transition 2H o] &2FH =%

A7 1
v 5

v Fole B
qe ga Aalt We Aoja]
oJH st FHojw Fite] Pt We F

o
F2 Y3 F yaw axisol Ha] A=

32 (2
do o 2 2
30, —

v 7 AR Fr|9st 2FHe F2 H|3 F pitch axisol] thE] HAA T 2F S A
3L
[e)




s}
=

A

FAFTA skol 1=

1

T

ARE RS

°

A2l A At

o
L

=

Hol 9123 Hol

v ¥

0

0

3

oF

—_
fite)

Ho
=

o

i

o

ol

]!

=
T

18] zb=kel disf

3}

o

fT"L

J

8

)

B

=3
"o

at7]

S

A&

=

=

2}

Gl 9] gh

3}
=

A]

o 91

ok
3

A el
2ol

>

o

-
T
-
T

1 2=l
Bz

9|

o

of Aol i
7] ARl o

5
F 1

} 10

1
[e]

[e]
1

[e]

ke

T,

5

ko)

er
:rL
:T_L
:F.

J

A

J

A

J

o
A

%
S
S

AFst7] 98l

il

;On#
;i

109} =h&Foll o

3}

.'_r_L

£

af

9

at7] <]

S

5

o
=

]

kel
=

bbel A5a 245

)

j
a

"e ol

==
=

Tor

T
w

—.AO

B
70

2)

3

of ApgFol T

@1

:ll

g

b

_80_




=]
Foluh

%
[e)

Hz o] Fof
=z} A A

=

(¢}

-

#H
AN
B

=

1
o

Ay

Lpo] ~ejdlalo] Aol A

bl A

°©

AR
e}o] 4

°

= [e)
g 23U2 o=

WA 7 = How

uy
-

s

9

o Aol val zuueel A E29le o]%d I

} 18

[e]

T3 19 2pEFol] oj

37

3

8

X0
L

Ty

&)

=]
1=

dla AAA WA Kol AE

A]

X

S

J
A ol

[}

=

-
T

o o] E] 7} 3
o o] E] 7}

ol o]

=
T

=
T

=
T

Aol Bo] o Aoz A

1o

3 o

<]
S

o] bl o

of kel dhaf of
o] Aol o

19] zpekol] dal] upz

&1
2+ 1
31
27

kel

ko)

kel

Al &3t
&

.?_
:I]_
.?_

R

37

J

A

g

bzs
S

=
=

ol
o

X
o}

~
;00

\_ﬂmo

70

Mo

- 81 -




) ,
o N —
) N —
o ) _ e - 4
M to — N e T el & T

@ o o - = = X ot —
R . 5 = P T N HT
5 P o g il T T . il Bl o B
oo T < < - 0 Gl bo i R o
TR . = Tz FFEly
o)) , A 0 iy o T o X = s
k M A E N =0 mw_m m—w o o AN il

K N~ < ~ my L
0 e - E o] el ) i 5 o T 760 No " ok R
a0 Mﬂ ‘ﬁwlu oﬂu T =T k M_V.W o ‘£|e my Mo Nd = A+ o
T2 g T g ¢ %o Fo z ° ) g o w P
' 0 . B ot -~ O — ; o
Mw = 24 aﬂﬁ N+ i I R & D B M o
i ® M b < " FIR =~ T No . M

sy o o (- K° T o o o, B
o o5 4 o) N iy = R o n- ~a = el
y T o oy " W . %o Tor e & E:
W _ T i N TR m =0 - w TR ol
> ) i i il of ol = O el gl Jo oK P
= O g i my il { = oy T A
=P Do ae W T o 5 g BT 5K

,WL o OT_ ‘m_vl .m_vl q - OL JU = —~ HE
. 0 <+ up WE s E
bk W M ) H = —_ A ) of T MY
TR i C~ S w o = #

) ) ~ 7 O i~y
= % & =E B tL FUEoF WA BT
TE TN = & = © RUEzOE OB o B
oo W o ) v = © T oo O el S =
S AT ~ o o N = __ N = = o z o o 3
~ ~ X X s il ~ S _— lo = Eo o~ ,Iyl ©
T e G F I i o 8
dm T Nen G ow oo = o Do O
D E R I o T X " — o] EANS o 2
A2 ® o NS g x S ST S M = R <o
2 W S & o T Ju X oy et 7_nmo7aF,mo7
o 0 T \.mi‘u o =N\ ‘Iﬂ N ~— ~
A B I R ) o ﬂﬂl%A%
%o JI JI ._n,mo O# JI o ‘.uwwo o K o M M o % ) »ﬁ H@l Mﬂ Br . ) io Mr éo
N \HE " WO T o JI gl ll JI o 00 io° oo (AN OT o W o oo X m O# J 3 L <
oI e RO KO K "o = - % 0 T TP K o = g B° 1° Mo m°
o ® R R BT TE T R - i g O o
° KO KO w:O o o J JI JI Hl 100 00 P o - m E fani Z,.* ;oT
’ : i i o EENT g
. o U " m R W R k= = v 1y
. . X N c ﬁ E ﬂ” ﬂa
. EERE
|

o] 2l (o

3

1

- 82 -




T3 45, Transition S8 &AH17]

Transition A, & /e A F2d Ad T4 10Fd diste] qAFQd o
Bl Q). 92 folding mechanisme H+ Fi3 JA & F29 T wix]s] A
2 AN A=F g A bl Hld Al Al =k bgA Bl yaw control
S @ F AUAEF HAG sty 2T 9FES & o L, pitch Foll i3] Bl S
g2 2 AL S 3 FE ngdl 9EE T F e 28A GE wAE
(obeff 29). B3k Transition Aol Ao 2= & A A st 549 vi7E =
S vt E T Aok sty Ao AR A9 Skl $IA A, = sk} o4

ko] FATA kol §xg. T3l Transitione A|FoA AHS o] FAT|= F

T2 46 Transition 2 =i, BF viH[17]

Transition= 7 E707F HAX HHolA &= AWy o= X%, T3 F GIe
Ao T He WS E(otdy] 29). /s w8 Al F2 A roll5S &

pom 2 A& 7 st Aol st aileron control WM& E3
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O3 47. Transition & €712 H= H[17]
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2( Wi+ W, )
C,= Ch+ C = 2 = <Wl - W2)
L~ Lo La®c — 2 = 2
pV°S pV°S
L = o) =] [e) e} [e)
ac = A9l w3 ZHangle of attack)olth. a5 Tl WHS U 2a
(W + W) (W+ W) Cy
Cr .00 5 0 ac 5 -
La
p V28 pV?8C,, Cha
Cro
CLO + CLaa O e CLQOL CLO = (0% C
La
_(m+%)<%_(1ym+%>
c— B} - - D) Qzp
pV?8C,,  Cr Cial  pV2S
O Performance Sheet Equation
o Hd %3 (Max L/D)
A FPoe G719 A F2@ A W B F e bl
= = =
¢ FE71e Hd L/DE dEd
Twin Engine GA Aircraft (Piston and Turboprop)
Make Model AR Spate | S, f, i (] Comi (/D) . |REfRTENCE
Aero Ae-45 8.78 184 - 4,45 - 0.0242 15.0  |Author
D-18 .51 349 1400 10.50 0.0080 0.0301 - |stinton
Beechcraft B55 Baron 7.13 193.2 - 4.59 - 0.0230 14.3  |Author
BE Queen Air 8.59 2939 - B.82 - 0.0232 15.2  |Author
Britten-Norman BN-2 7.33 325 1350 12,00 0.0088 0.0369 - |stinton
awon 7.61 179 - 4.738 - 0,0267 13.0 NASA SP-468
310 {clean) 7.00 175.00 5.16 0.0295 123 |Roskam
Cessna 310 iaeal dn, Flps 1S‘J 7.00 175.00 11.38 0.0650 8.6 Roskam
310 (gear dn, flps 45%) 7.00 175.00 2048 0.1170 6.5 Roskam
337 Skymaster 718 201 5.08 0.0302 125 [Author
Partenavia P-68 Victor 7.74 200.2 = 5.89 0.0294 13.0  |Author
Pipar PA-23-250 Aztec 6.67 2076 6.74 0.0325 117 |Auther
Multi-Engine Commercial Transport Aircraft (Piston)
Make Model AR Sats I8 | Sy, 1 1,1t o Coax (/D)
Boeing 470 £.55 836 - 17.72 - 0.0212 13.5  |NASA5P-468
Curtiss C-464 8.59 1358 5400 26.00 0.0047 0.0191 - |roskam
C-478 9.24 987 3700 25.50 0.0069 0.0258 - Roskam
Douglas
DC-3 9.14 987 24.58 0.0249 14.7 NASA 5P-468
Lockheed L-1049G 9.17 1650 34.82 0.0211 160 |nAsA sp-68
G ial Jetliners
Make Mode! AR Sor: T || S f, 2 G Comin (1L/D} s |Reference
B-747 (M =0.7) 7.00 5500 - £8.00 . 0.0160 - |masa-cro114488
Boeing B-747 (M = 0.8) 7.00 5500 - 96.80 0.0176 NASA-CR-114454
B-747 (M =D.9] 7.00 5500 120.45 0.0219 MNASA-CR-114494
R = retractable gear, B = fixed gear, T = turboprop, WF = wheel fairings, f = equivalent flat plate area = Cppgn * Sag-
a8 89. 378 & S4M[20]
= [ o = o 2~ == o =]
FEH| = 27FA o) W o R AT $ Qo A WS vardtE AS Alge
= 5 e} =] P e}
Aola EAle 299 39 walg Agste A dead Y wadg A4
(e} [e) [e) 5 = [e)
L/Dmax o3 2o 23 4 d5[20]
L_ G _ &
- 2
D CD CDmin + k . CL

(10)

(11)
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o ake Aelel Aol thA vlein
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_ 1
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el ofg et 2 L/D max A& 4& F U

r 1
L/Dmdx_(CD)max: 4 e CD, . k (12>
Al &= 4= (Stall speed)
%% % (stalling speed)9 £7HE /) WA AP BHo| UL ofe) 1Y S
=] : : . P o) e
o} 35 (wing loading'W/S)3 & o) FHAF(CL ma) 7F A& S0l drbrt S
n A=A & e
Stalling Speed versus Wing Loading
Standard Day 5-L density, 3l airplanes in landing configuration at gross weight
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gﬂ 90 4
E 80 o
5 70 =
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Wing Loading in [bffft*
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do] 348 ag+=d AFEE. 9= (1/1.688 = 0592, 29/1.688 = 17.18) ft/soll A
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- —w T73)

V'=0.592 \/T’CLM ~17.18 \/—Cbmax (13)
Hol AFAL £
xzzAay 7|7 A AFANE M de] SR8 AASE A2 EFHos
asfofst AFgre). o] £ & AAF= AL Pilot’'s Operating Handbook(POH)
7F dFaE TA 8= st AgstAY Foldde vld o] diste 54 &
5 A T = A & HU FEHEAN 25 Fotr] s dHEAT= ofHet
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( 2 CDmin+k' C(L2 g b g g
\/?L(CDmin"‘k - O} =2k - O} B

(ODmin + ko CL2)2 -

3
2
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Hd FIH(Max L/D) %

HAd FF7E G E SEE ofe A2 e AW oY a7 HE F9
o] AistEe Hrolng FAd @Y dXFFIe] 2FAE Ao e
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k
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s 78 F AS
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VL/DmaX B pSCL B CDmin B \/p( S )\/ CDmin <16>
pS 2

Carson &%

B. H. Carson 5ol 83 89 &3 w3 st 592 o] UX|stA]

25S AAE. Carsone °]# s Heo] Gabrielli-Von KarmandtAlol 5 3HA
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Lo ATt A3, s 2ot $H2 o] HHHES EA HoldS olHg 4
Iz agx] e AerRg dme #dErst o A kA Carsond L/D max
oA SErT O wEA v gste= Aol o fstvkar W ol gk A
Carson®] &%+ Hlde w 7bd 2&49¢ =g & F A &85 54
g o 71 AT ol gHE SHAYHS WV/PE AHoHE FHa8d. 7AW
= Hg7]e] FA, V= FIdEE P 898 W3 oldd Mds g5t
Carson< HA 9 & &% 2 > 54

£ 2 Carson Velocity#}al 3H20]
VC’AR — 3025 VLDmax ~1.32 VLDmax (17)

& (Power over Weight)

AW FF7]e] HeS 2AE $131A brake horsepower(BHP)E FH o=
ofof & UK Alz=#lellA 8- ti71&(ft/s), AX13$1(BHP), Pyyp
EE&o ol&sto] ofef o AS FolA ALFEH20]

o
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B
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[
fr
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i)
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o
o

oj&3ste] A& Fi=F

_ Thrust Power _ TV _ Vv
Ty Engine Power P 550 X Ppyp

Toll &8t A& gt ool 22 A5 72 + Us

T= 5= % (18)
91 Al A 5502 BHPE ft/s & W55 AU, SI Al=wlo A= 1 7go] &
83HA 5. 219 A2 U7IE%E VZF AL 00l 7H7hY] A wf F=Ho] F3lo] 5
= AL BHAF ol3lE By H oz EVlF & U7IS=7) 00l 77k A wfe] 59
2 Bulg o] & BFolE 84 o]E& o]&sto AT 4 &[20]
#5348 52 (Power normalized)
Ao g 79 d7e 8 2HL Ah T AAY WHoA T dael =
gtol dup} §&4 o2 ALH Ao &8 A o] FAANA ey Yo 4™
2> T43] T/, J2ES dtgE o dojdll o] I AFEo] o dAHS A
2bek w] Ay fHe 27] Aba B FFel whel dE S, o] W] Fe Y
EE5 ey Ay 27] 4=EY AHAQ Aol S oS o] f = e 2
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Gagg and Ferrar 532 A}o]o] Z}olE HAF

o), (o-0117)

P= Py (o = Py, (11320 —0.132) = P (21)
i 7.55 s )= P 583
Impact of Altitude on PISTON-ENGINE Power
30000 T . Turbocharging will

...... Simplified model %{; '\‘\ ~ thgnfbtc;o;t the
. -~ manifold pressure
25000 - fag:al::h!:ard -?fy “:\ N above 5-L pressure
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= -Turbo-Charged ".?b Gagg and Ferrar ~
20000 ‘%, model "«-.“. ~
& 55% Power Typical power curve 1
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 —— ' N
R T L i
s T [
5000 - | Psper Gagpg and Ferrar, 75% power is H :
achieved at B283 ft, 65% at 12106 ! 1 I
fit, and 55% ot 16,324 ft ! i
ol . P4 al
0 10 20 30 40 50 &0 70 B0 20 100 110
Percentage Power, %
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oF Al Folrl A FHAUE BAREY ATHE FARFI(T/WE 27
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Constraint Diagram

045 o 2
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040 - g === Climb Requirement
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RIS
P P
10000 (/ s +10000 i/ —
b 53.5 X RPM*X Vs 111X RPM*X Vg
2
P 1 1
D= 10000 » | 2 ( ; )
RPM*X Viyys \V/53.5x16  /111x16
P 1 P
D =10000 « | i ( _): 10000 « | 0 (29)
RPM*X Vg \ V75.8 75.8 X RPM*X Vg
o 2 I X (pitch)
370 A Zedus Adar] A 449 NAE A4 & uE
& AAAZE Z2AY AZzGA et st Aol A AN 2Ao] ofebd o

(26)

(27)

(28)

- 127 -



jl]';g% Up*q —g%i} VKTAS'q

KeR
=1

oo

3 oF

Zgon A4

o AL

Aol g et
KTAS= 4.

2

) %]
inch® V

Al = =
inch/second®= A A

3T
it

3] ¥ £ %=7F RPMo =

BN

P,7} inch®

ERN

-
.

L

—)

0
Y

ﬂ
|
o
oF

o
<

)

gt

ol

0

T

B
o

ol
U

1

L mEA o

=]
L=

-
s

A7l wzel vV

[20]

PpXnp

RPM
60

~

RPMX PpXnp
1251.36€/KTAS

)PD><77P

RPM
60

|

20.256 /s « KTAS

|

1KTAS
1.688ft/s

I

Lft
126

X

VK TAS

(30)

L
Ty

I

Viras
RPM

1251.36(

= Pp

T
N

=

B

B

frel
e
o
)

<]
)

o?

AR 2H20]

Al o
1=

ke
T

3} 2

AAAR b

A} v}

(31)

T:

1, X 550 X Pppp

1, %< 550 X Pppp
%

n,
1%

o] 5% &= (Lift-off Speed)

bol ot

)

o] 1.1t 7HA

2~ 2
A&EEE

F7EA =

Z
1l

3} v}

2

A8 10]

Al O
1T =2

ke
T

2%

(32)

W
pSOLmax

~ 1.556

2w

pSCLmax

VLOF =1.1X VSI =1.1

35 T =1l (Empty Weight Ratio)
w./ W, (Empty weight fraction)

B

of el M e o] F 7

oS
=]

ke
L

[21]

°F 0.3¢1 4 0.77hA] theFatn

KN
| .

w./ W,

- 128 -



e SR

L

hhmbhahadu

b L L1 L)

We /WO

bbb Ll

L

1,000, 000

100, 000

10, 000

1,000

TAKEDFF GROSS WEIGHT

700
T

no
Klo

—_

110

M0

73

=
=

1= (w,/ w,)

SZof| A

sle] 19

el

Flying Boat%-¥ 7} w2 w,/w,

7]

5}

o o 714 .

AAg e FAH BAZ 2] b

of mehA e

= M

Flying Boat

x ol 7]

jace]

o

oF

A WA oE e, o)A

uy
]

X

.7t

S7Fgkel wet w/

o]

ol

- 129 -



W,/ W,=AWSK,, A c

Sailplane—unpowered 0.86 - 0.05
Sailplane—powered 0.91 -0.05
Homebuilt—metal/wood 1.19 =0.09
Homebuilt—composite 0.99 -0.09
General aviation—single engine 2.36 —0.18
General aviation—twin engine 1.51 -0.10
Agricultural aircraft 0.74 -0.03
Twin turboprop 0.96 -0.05
Flying boat 1.00 —0.05
Jet trainer 1.59 -0.10
Jet fighter 2.34 -0.13
Military cargo/bomber 0.93 —-0.07
Jet transport 1.02 - 0.06

K, = variable sweep constant = 1.04 if variable sweep
= 1,00 if fixed sweep

94. S5l tf o|F EFE(W)[21]

79 9] (variable-sweep wing)< 114 E7]REt 31 o] FoA AAE FIF
ZFHloll oF 1.045 wsto] AA 7] @ACNA nedh FHE o FEA S 2 Hd H59t
AAE AR GARRleA dFrESs AR 53 a7l ik FAA As
TE7] flgk FEgk vlolE7F FAH A &5 v AA AT E V2R st 5§
gF71o] g2 Feo FaF Y= o] dAlolA 0955 Hakel AT & d(21]
Aut g 7)o thak FAH] (Weight Ratios for General Aviation Aircraft)

A7 AE gAe] A 2% A5 FAE ok A2 Wf T8 EE W
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AA w7pA o] 48 AvE| s a1 gt
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0 1
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AA A= 9 2" YEd ARy o ERSAY g d e S o 7]A
T8% AL g7t el =2 E A ARE AFESIAA I FA7 7 £
A= As dEsts A, webA] 7 =Tl A FA9 Zol= 7 -3t ok &vlH
Azl FS YHEY BE AdFE B4 AdA 4] =2 oo o]
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)7 0.3 (nz % )049
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cosAeyy

% qOAOOG)\OAOAl (
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AR,
cos®A¢yy

|

.0035
FW

0.036-S}° Wy

Wy =

(36)

)0‘043/\— 0.02
HT

ARyr
cosZ/lHT

) 012, (
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(
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Wivze = 0-054(n, )" (L, /12)"
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Werpy = 0.053155°0"™ (n, W, x 10~ *)"%° (43)

Wyyp = 0.0001 W, (44)
o AR T
W,y = 2117 W% (45)
o A7) A=l FF
Wy = 12.57(Wee + Wy ,)"%! (46)
o ooy g WG TF
Wye= 0.265 WA NS Wil a0 (47)
o HF T
Weppy = 0.0582 W, — 65 (48)
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Dimensions
Driving: Flying: Cockpit:
80" (2 m) tall 78" (2 m) tall 48" at shoulder
90" (2.3 m) wide 26’ 6" (8 m) wingspan Carry-on luggage
19' 68" (6 m) long 19" 9" (6 m) long Golf clubs
Two place, side-by-side

a2 98. Transition &4t x|

8 99. Transition MM T

12 100. Transition MH T
=S http://www.mobilemag.com/2010/07/28/terrafugias-tran—
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25 http://forums.x-plane.org/index.php?/forums/topic/57945-odel-
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=
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| W7 Openvse 3,80~ Fii 15/07/16 - o X |» =
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| vehicle
> [ain_wing
= Honzon_tall
— —= Fuszlage
—= Verticaltall_wing
>Fuse 2

I

2 114. Open VSP® Transition & At

sl

- Open VSPE A& PAVe ¥ 93 (wetted area) AAt
e Open VSPZZ1#& o]&3sle] da7]o ®WHA (wetted area)E AF & 4 A

«  Geom — CompGeom..= =9, o] FoAM ExecuteEs ¥ 3}H 3EHZ o]

I ol lmﬂmmmmmmmmumamﬂ B S ——
'Lﬂ_{wsemmmmwmmmﬂ ]['m e st nsiion_ = ]
[~ Fansteoragouput |
_'..m ]mmmmmwmmmm«{_ ][m Jew st Transition_DragBuid] - |

Sl_unCr.ws
19 Total fHum Meshes
13264 Total Num Tris

Theo Aves et Brex - Thez ¥al  Wer Vol Mawe
b3 2n.est 2,251 2.214  Main wingd
5572 323 2.053 .08 Borizon $aild
13,549 12:263 3,180 3.108  Fuselagel
2074 1.746 0.052 0.047 - Verricalail wingl
2.0H 1,746 0.0%2 0,047 Verticaltail wingl
5.733 5.078 0511 0.47 Fuse 3§
5.733 5.i78 0.511 0.476  Fuse 71

.25 54,835 B.638 E-454" Totals
K ) | WRARNING: 2 cpen meshem metjed
_set [m & [ Harnesn | “sobsuts | £ [T .
2 115. Open VSP® At FHE H At

- Open VSPE A}£3 Aeromobil3.0 FA A7

e Transition® #Z& HH oz FolF Aeromohil3.02] Dimension¥ A4S AF-83}o]
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2 126. Open VSP®ollM Aeromobil 3.0 (=
Plan Tab2 & Y709 Span, Chord, Area 5 A A

F01Z Transition® Specel wz} 3tS AA S $ backgroundol] 1% image©l w}
2 JAS 19

HE) XForm ©
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e Horizontal_Tail Wing / Vertical_Tail Wing®= wing¥ 2

S}
=

|| zeromsile
B - Bain Wing

B - ciseiageCanm

- Open VSPE Al€ PAVY ® W3 (wetted area) A4+
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10016 Total Mum Tria
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Eap—
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% 2atch foil analysis

Foll Selection

®) Current foil only O Foil list
Analysis Type
@ Type 1 O Type 2 ) Type 3 ) Type 4
Batch Varlables
) Range @ Re List Edit List
Min Max Increment
Reynolds = {
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Forced transitions
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_| Initialize the boundary laver after each polar calculation

[C] Store OpPaoints

I
[P
X
o

Aestel 4ol 5§

v Foil list: o8] 709 airfoilS E&$S ul, Foil listol] 4] A& sle] sfja]of #-&
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Max thickness: 15% at 409
Max camber: 2.47% at 40%
Aeromobil3.0 (S = 7.052m’, AR = 9.535, Wing Span = 8.2m)

v A FstazstE airfoil datas E¢ =9
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> Analysis Type : Type 1(Fixed Speed)
> Reynolds ¥<] : 1009+ ~ 600wt
[> Alpha ¢ : -11° ~ 11°

I
o
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8 140. XLFR5® A2 Aeromobil 3.0(GA37A315mod 28 ALE) 3-D i 4

21

v W FRE A Polar—Current Polar—ExportE &4 W Wz ="z Cp
Cotts 7ML A& textHdS & F A(obed 3F)
E 23 XLFR5® Aeromobil3.0(GA37A315mod) =2ds{Al Zxn}
alpha CL CD(main) CD(tail) CD CL/CD

-9 -0.61724 0.025371 0.012686 0.038057 -16.219
-8 -0.52799 0.021009 0.010505 0.031514 -16.7544
-7 -0.43842 0.017354 0.008677 0.026031 -16.8421
-6 -0.34858 0.013557 0.006779 0.020336 -17.1414
-5 -0.25853 0.010871 0.005436 0.016307 -15.8544
-4 -0.16833 0.009017 0.004509 0.013526 -12.4455
-3 -0.07804 0.007875 0.003938 0.011813 -6.60622
-2 0.012296 0.006958 0.003479 0.010437 1.178116
-1 0.102609 0.006261 0.003131 0.009392 10.92573
0 0.192844 0.00617 0.003085 0.009255 20.83674
1 0.282946 0.007464 0.003732 0.011196 25.27206
2 0.372856 0.009657 0.004829 0.014486 25.73995
3 0.462518 0.012365 0.006183 0.018548 24.93695
4 0.551877 0.015582 0.007791 0.023373 23.61173
5 0.640876 0.019481 0.009741 0.029222 21.93166
6 0.729461 0.024149 0.012075 0.036224 20.13778
7 0.817578 0.031332 0.015666 0.046998 17.39602

Transition(S = 14.395m’, AR = 4.569, Wing Span = 8.11m)

Transition®] 4%+ 2-D 3142 Aeromobil3.00 A AF&3F A3} L3k

gt e

=
ZAEE

=
vJ__ET [e)

599

v" Analysis Type : Type 1(Fixed Speed)
v" Reynolds ¥ : 1009+ ~ 6009t
v/ Alpha < : -11° 7 11°

v 1% @ 26km, +3Z&

)

D 44.4m/s

ol

=

airfoil & At
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2 141. XLFR5® GA37A315mod 28 2-D 84l Zx}

Iransizion

Ring Span - &I

syPea). 3pen = E5E m

Wing Ar=a - 14,398 ot V=
xyPraj. Area = 14200 Alphe =
Flans Maga - 6,000 kg Beta =
Wing Load = 0.000 kg/m* L=
Fooe’ Chard = 2100 m €0 -
M = LEm Eericieney =
TapTwiat - 6.000" TLit =
A=pect fatic = 4.568 Cm =
Taper Ratio - L.44E L=
Roos-Tip Jwesp = -3.395° ca =
HMEP = d{iCp.C11 /401 = a2 m XCE=
Mesh clements = €380 irte=

aE 142,

XLFR5® A2 Transition(GA37A315mod 2& ALE) 3-D s A

v R A Polar—>Current Polar—ExportE 3&tA =W W&

Cp#ks

ZHA I Q= textH LS IS 5 Aok %)

4400 n/s
4.090*
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T 24 XLFR5® GA37A315mod 28 AL Transition 22454 Zz}
alpha CL CD(main) CD(tail) CD CL/CD
11 -0.64837 0.037465 0.009228 0.046693 -13.8858
-10 -0.57517 0.030981 0.007631 0.038612 -14.8962
-9 -0.50164 0.025394 0.006255 0.031649 -15.8502
-8 -0.42784 0.020582 0.005069 0.025651 -16.679
-7 -0.35383 0.016482 0.004060 0.020542 -17.2252
-6 -0.27968 0.013065 0.003218 0.016283 -17.1761
-5 -0.20544 0.010215 0.002516 0.012731 -16.1366
-4 -0.13117 0.008163 0.002011 0.010174 -12.8928
-3 -0.05693 0.006913 0.001703 0.008616 -6.60781
-2 0.017208 0.006454 0.001590 0.008044 2.139326
-1 0.091192 0.006458 0.001591 0.008049 11.33011
0 0.164961 0.007102 0.001749 0.008851 18.63701
1 0.238454 0.008421 0.002074 0.010495 22.72043
2 0.311615 0.010423 0.002567 0.012990 23.98839
3 0.384385 0.013591 0.003348 0.016939 22.69293
4 0.456707 0.017608 0.004337 0.021945 20.81149
5 0.528525 0.022262 0.005483 0.027745 19.04921
6 0.599785 0.027779 0.006842 0.034621 17.32425
7 0.670433 0.034254 0.008437 0.042691 15.70434
8 0.740417 0.041578 0.010241 0.051819 14.28855
9 0.809688 0.049389 0.012165 0.061554 13.15416
10 0.878195 0.058080 0.014305 0.072385 12.13221

NACA 2412 Airfoils AF&3 7d9-(Aeromobil3.09} Terrafugia Transition X<l

thaH)

Max thickness: 12% at 309
Max camber: 2% at 40%
Aeromobil3.0 (S = 7.052m’, AR = 9.535, Wing Span = 8.2m)

v $A FEaAFEkE airfoil datas EHEQY
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> Analysis Type : Type 1(Fixed Speed)

> Reynolds ¢ : 1005+ ~ 6001t

[> Alpha ¥$] @ -11° ~ 11°
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Taper Batio

#.008°

Roct-Tip Sweep =

.48 m

KHE = &(HCp,CI) /)

Mesh glepents = 6420
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Aeromobil 3.0(NACA 2412 <!

T8 145, XLFR5®
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v W EEo A Polar—>Current Polar—ExportE 3}7)
Z

Cpats 7HA AL A+ textHLd S S 5 (o %)
3 25 XLFR5® Aeromobil 3.0(NACA 2412 & Al2) ZsiA] A}
alpha CL CD(main) CD(tail) CD CL/CD
=11 -0.76555 0.031071 0.015536 0.046607 -16.4258
-10 -0.68029 0.026084 0.013042 0.039126 -17.3871
-9 -0.59462 0.022018 0.011009 0.033027 -18.0041
-8 -0.5086 0.018459 0.00923 0.027689 -18.3687
-7 -0.42227 0.015404 0.007702 0.023106 -18.2755
-6 -0.3357 0.01286 0.00643 0.01929 -17.4026
-5 -0.24892 0.010834 0.005417 0.016251 -15.3174
-4 -0.16201 0.009331 0.004666 0.013997 -11.5748
-3 -0.075 0.008354 0.004177 0.012531 -5.985
-2 0.012044 0.007905 0.003953 0.011858 1.015728
-1 0.099068 0.009127 0.004564 0.013691 7.236259
0 0.186019 0.010516 0.005258 0.015774 11.79276
1 0.272843 0.012044 0.006022 0.018066 15.10257
2 0.359486 0.013918 0.006959 0.020877 17.21924
3 0.445896 0.016296 0.008148 0.024444 18.24153
4 0.532018 0.019148 0.009574 0.028722 18.52301
5 0.6178 0.022315 0.011158 0.033473 18.45694
6 0.703191 0.026533 0.013267 0.0398 17.66834
7 0.78814 0.031341 0.015671 0.047012 16.76483
8 0.872594 0.036641 0.018321 0.054962 15.87646
9 0.956506 0.042397 0.021199 0.063596 15.04047
10 1.039827 0.048709 0.024355 0.073064 14.23183
11 1.122508 0.055712 0.027856 0.083568 13.43227
e Transition(S = 14.395m', AR = 4.569, Wing Span = 8.11m)
Transition®] 7%+ 2-D 314& Aeromobil3.001 A AF&3F A3} HA3 airfoil S A}

=y
}—HEE EI——'T‘ %O]tﬂ—

Analysis Type : Type 1(Fixed Speed)
Reynolds ¥ ¢l : 100%F ~ 600w+
Alpha He s -11° T 11°

26km ST

&t tE
v
v
v
v

44.4m/s
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Transicien
Wing Span - g.1l0 =
ayProj. Span = E.050 =
Wing Area - 14.395 »* V= 43.40 w2
wnyProj. Ares = l4.and wt Alphs = u.ao_n:
Plans Mass = .00 &y beta = Q.000'
Wing load - 0.060 wgmt gl:; - g;f;
:EL S : i't:: : Efficiency = 0:551
Tiplwizt - g.000" CL/0D =  15.423
Aspecst Batle - 4.383 o= -0.938
Taper Ratio - 1.448 €1 = -0.000
Reot-Tip Sweep = -2.29%5* Cn = 0.800
HNF = 4{XCTp.Cl)/aCl = f.402 m LEF = R LR
Mesh slemente = @480 LG = 0.000 =
2 147. XLFR5® Transition (NACA 2412 & ALg) 3-D a4 Za}

v 7580 A Polar—Current Polar—ExportE &4 =W

Cooke

7HA AL Q=

text}d S 2= F Ao )
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¥ 26 XLFR5® Transition (NACA 2412 28 ALE) S2siAo A1}

alpha CL CD(main) CD(tail) CD CL/CD
11 -0.60566 0.033891 0.008348 0.042239 -14.339
-10 -0.53709 0.028012 0.0069 0.034912 -15.3843
-9 -0.46821 0.022964 0.005656 0.02862 -16.3596
-8 -0.39909 0.018735 0.004615 0.02335 -17.0918
-7 -0.32976 0.015265 0.00376 0.019025 -17.3333
-6 -0.2603 0.012497 0.003078 0.015575 -16.7129
-5 -0.19076 0.010417 0.002566 0.012983 -14.6936
-4 -0.1212 0.0092 0.002266 0.011466 -10.5703
-3 -0.05167 0.008498 0.002093 0.010591 -4.87862
-2 0.017768 0.008365 0.00206 0.010425 1.704308

-1 0.087059 0.008909 0.002194 0.011103 7.840797
0 0.156145 0.010124 0.002494 0.012618 12.37518

0.823925 0.055311 0.013623 0.068934 11.95231
0.887284 0.062875 0.015486 0.078361 11.32297

1 0.224971 0.012004 0.002957 0.014961 15.03751
2 0.293483 0.014544 0.003582 0.018126 16.19103
3 0.361625 0.017726 0.004366 0.022092 16.36904
4 0.429344 0.021532 0.005303 0.026835 15.99914
5 0.496588 0.025942 0.00639 0.032332 15.35919
6 0.563305 0.030873 0.007604 0.038477 14.63997
7 0.629445 0.03628 0.008936 0.045216 13.92086
8 0.69496 0.042164 0.010385 0.052549 13.22493
9 0.759802 0.048495 0.011945 0.06044 12.57127
0

]

—_ =

FX 63-137 Airfoils AF&3F 7 9-(Aeromobil3.09} Terrafugia Transition X-ol o
3)

Max thickness : 13.7% at 30%

Max camber : 6% at 50.5%

Aeromobil3.0 (S = 7.052m’, AR = 9.535, Wing Span = 8.2m)

v §X FEtaAtstE airfoil datas E8EY
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T3 148. XLFR5® FX 63-137 98 MAH 2 ¢ &

S0 2 airfoil data®] 2-D analysisE 3 st
> Analysis Type : Type 1(Fixed Speed)
> Reynolds ¥ ¢ : 1005+ ~ 6009+
[> Alpha ¥$] @ -11° ~ 11°
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12 150. XLFR5® Aeromobil3.0 (FX 63-137 28 At2) 3-D a4l Z o}
w5t ol A Polar—Current Polar—ExportE& Al W w4 edlz G %
Cpats 7HA AL A+ textHEd S S 5 Aok %)

F 27 XLFR5® Aeromobil 3.0 (FX 63-137 28 AlE) s Z3}

alpha | CL CD(main) CD(tail) CD CL/CD
-10 -0.09916 0.036934 0.018467 0.055401 -1.78981
-9 -0.01085 0.028351 0.014176 0.042527 -0.25504
-8 0.077522 0.012384 0.006192 0.018576 4173234
-7 0.165892 0.010732 0.005366 0.016098 10.30513
-6 0.254208 0.010926 0.005463 0.016389 15.51089
-5 0.342415 0.012156 0.006078 0.018234 18.77893
-4 0.430457 0.014133 0.007067 0.0212 20.30505
-3 0.51828 0.016775 0.008388 0.025163 20.59732
-2 0.605829 0.019951 0.009976 0.029927 20.2439
-1 0.69305 0.023508 0.011754 0.035262 19.6543
0 0.779888 0.027837 0.013919 0.041756 18.67749
1 0.866291 0.032883 0.016442 0.049325 17.5631
2 0.952205 0.038529 0.019265 0.057794 16.47599
3 1.03758 0.044683 0.022342 0.067025 15.48061
4 1.122364 0.051407 0.025704 0.077111 14.55527
5 1.206506 0.058728 0.029364 0.088092 13.69598
6 1.289959 0.066608 0.033304 0.099912 12.91095
7 1.372674 0.075108 0.037554 0.112662 12.184

8 1.454605 0.084153 0.042077 0.12623 11.52349
9 1.535705 0.093771 0.046886 0.140657 10.91812
10 1.615931 0.104211 0.052106 0.156317 10.33756
11 1.69524 0.115256 0.057628 0.172884 9.80565

e Transition(S = 14.395m’, AR = 4.569, Wing Span = 8.11m)
Transition®] A%+ 2-D alA1& Aeromobil3.001 A AF&3F A3 U3 airfoil S A
L3ty 2 2ELE BF 593

=1 AT ©o

v" Analysis Type : Type 1(Fixed Speed)
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v" Reynolds H <] : 1007+ ~ 6009+
v' Alpha ¥¢] @ -11° ~ 11°

T R -

adesedusante

2 151, XLFR5® At2 FX 63-137

Teansition

Wing Span - Elllm
wyEred. Span = 8,050
Wing Area = 14.3585 n*
xyBroy. Azes = 14288 m*
Flane Ma=s - o.000 kg
Wing Load » 0.000 Eg/m*
Reot Chord - .10 m
M = 1.7% =
TipTwiat = g.oo0*
Aspect Ritio = 4,50
Taper Ratia = 1438

Foat-Tip Sweep =  -2.295°
KNP = d{KCp.CLI/8C1 = .30 m
Mash slemsste = G450

T2 152. XLFR5® AL Transition (FX 63-137 <

v W&o A Polar—Current Polar—Export=
Cotts 7L A+ textT LS dS + AS(obd 1)
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¥ 28 XLFR5® ALZ Transition (FX 63-137 218 Alg) 34 Z 3}

alpha CL CD(main) CD(tail) CD CL/CD
-11 -0.12221 0.015109 0.003721 0.01883 -6.48982
-10 -0.0515 0.013407 0.003302 0.016709 -3.08231
-9 0.01919 0.012288 0.003027 0.015315 1.253053

-8 0.089816 0.011884 0.002927 0.014811 6.064103
-7 0.160315 0.012189 0.003002 0.015191 10.55314

-6 0.230628 0.013199 0.003251 0.01645 14.01995
-5 0.300698 0.014906 0.003671 0.018577 16.1862
-4 0.370467 0.017316 0.004265 0.021581 17.16633
-3 0.439878 0.020578 0.005068 0.025646 17.1516

-2 0.508875 0.024863 0.006124 0.030987 16.42227
-1 0.577403 0.029974 0.007383 0.037357 15.45645

0 0.645408 0.035753 0.008806 0.044559 14.4843
1 0.712837 0.042117 0.010374 0.052491 13.58027
2 0.779638 0.048992 0.012067 0.061059 12.7686
3 0.845761 0.056567 0.013933 0.0705 11.99665
4 0.911155 0.06479 0.015958 0.080748 11.28391
5 0.975775 0.073554 0.018117 0.091671 10.64434
6 1.039574 0.082881 0.020414 0.103295 10.06412
7 1.102507 0.092787 0.022854 0.115641 9.533881
8 1.164532 0.103156 0.025408 0.128564 9.058003
9 1.225609 0.11395 0.028067 0.142017 8.630046
10 1.285698 0.125116 0.030817 0.155933 8.245208
11 1.344764 0.136623 0.033651 0.170274 7.897648

o 3719 airfoildl]l tlE] ellA e FHdolE S wwe Ay ko] WSk W o] A]
A% 2 RFFUE ZH= airfoil® GA37A315model ™ aeromobil3.03 43}
Transition® A} R5o|A 713 =& A= ey

O PAV F+31 &4

- FExAT Afolq BAe md F1 #d ASgel dEsn oRe T By 44
NAe] Az ARARG Bk oz thE e FgolAe HH zzde AF, T

-1 R RLLING Y hES RLLAg Iy CE._ QLS Y
b ABE = v Ao AR Aldte] Thedt
- A7 FAEAE A TEFE sHAHTE AL ARESte] Atstal e H =
A7) & al 2] AlolAo] 7153 o]% Halbach array A 7]<lzle] that &
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tral_rllihtort Extra PA-46-310 Cessna Cessna 206 SOCATA
. P EA-400 P Malibu 172R TBM
aircraft
Take off 1,999kg 1,860kg 1,111kg ( 1,632kg 3,353kg
weight (3,153 Ib) (4,100 Ib) 2,450Ib) (3,600 Ib) (4,629 Ib)
1 % 1 X Pratt &
) 1 X 1 X 1 X Whitney
. Continental ) . .
Engine TSIOL-550-C Continental Lycoming Lycoming Canada
TSIO-520-BE | 10-360-L2A | I0-540-AC1A PT6A-66D
Voyager
turboprop
H
orse 350 hp 310 hp 160 hp 300 hp 850 hp
power
Power
Loading 5.711 6 6.94 5.44 3.94
(W/hp)

E 30 Transition/Aeromobil 3.0 =& M=5FH

Aeromobil 3.0

PAV Transition
Take off
ake ol | 550kg (1,430 Ib) | 650kg (1,430 Ib)
weight
, 1 X Rotax
Engine 912ULS 1 X Rotax 912
H
orse 95 hp 100 hp
power
Power
Loading 6.84 6.5
(W/hp)
dzl HelHE A7t
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E 31 GAZ MEN 2=25 Az oolg
oo AL AR | oz 5 AL =4 Weight Dry
- HP@RPM HP@RPM HP lb
912 ULS DCDI Rotax 4 100 @ 5800 | 95 @ 5500 | 95 140
0-200-A Teledyne Continental 4 100 @ 2700 | 100 @ 2700 | 100 188
914 UL DCDI Rotax 4 115 @ 5800 | 100 @ 5500 | 100 166
0-235-L2A Lycoming 4 118 @ 2800 | 119 @ 2800 | 118 222
0-300-D Teledyne Continental 6 145 @ 2700 | 145 @ 2700 | 145 270
0-320-H2AD Lycoming 4 160 @ 2700 | 160 @ 2700 | 160 253
I0-320-B1A Lycoming 4 161 @ 2700 | 161 @ 2700 | 160 259
0-360-A3A Lycoming 4 180 @ 2700 | 180 @ 2700 | 180 259
I0-360-A1A Lycoming 4 200 @ 2700 | 200 @ 2700 | 200 293
I0-360-G Teledyne Continental 6 210 @ 2800 | 210 @ 2800 | 210 327
0-540-J1ASD Lycoming 6 235 @ 2400 | 235 @ 2400 | 235 387
I0-540-A1A5 Lycoming 6 250 @ 2425 | 250 @ 2425 | 250 448
0-540-E4C5 Lycoming 6 260 @ 2700 | 260 @ 2700 | 260 370
I0-470-L Teledyne Continental 6 260 @ 2625 | 260 @ 2625 | 260 473
I0-540-K1B5 Lycoming 6 300 @ 2700 | 300 @ 2700 | 300 443
[0-520-L Teledyne Continental 6 300 @ 2850 | 285 @ 2700 | 285 431
I0-720 A Lycoming 8 400 @ 2650 | 400 @ 2650 | 400 566
TIO-360-C1AC6ED | Lycoming 4 210 @ 2575 | 210 @ 2575 | 210 348
TSI0-360-C Teledyne Continental 6 225 @ 2800 | 225 @ 2800 | 225 300
TSI0O-520-R Teledyne Continental 6 310 @ 2700 | 285 @ 2600 | 310 435
TIO-540-J2BD Lycoming 6 350 @ 2575 | 350 @ 2575 | 350 518
TIO-541-E1C4 Lycoming 6 380 @ 2900 | 380 @ 2900 | 380 586
H# 32 GA= ZHAEE AT HlolH
S A AL s¢f Mx Y | SFC
HP kW Ib Ib/HP/hr*
RR300 Rolls Royce 2008 240 176 201 0.675
RR500 TP Rolls Royce 2014 | 380 279 225 0.550
Arrius 1A Turbomeca 397 292 251 0.555
Arrius 2F Turbomeca 1996 450 331 227 0.555
M250-B17 Rolls Royce 450 331 215 0.613
PT6A-6 Pratt & Whitney 578 425 270 0.670
Arriel 1B Turbomeca 591 434 252 0.595
LTS-101-600A Honeywell 625 459 265 0.570
HTS900 Honeywell 891 655 315 0.526
Arriel 151 Turbomeca 1988 725 533 267 0.567
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¥ 33 GAZ C|& X HolH
A | =M 5 A& 4 Weight Dry
Do A = A R
T HP@RPM HP@RPM HP b
SR305-230E SMA (Snecma) 4 227 @ 2200 | 227 @ 2200 | 227 455
Centurion 2.0 | Centurion (Continental) 4 135 @ 3890 | 135 @ 3890 | 135 295

- FEM A E PAVIE Ham 27 HE F8S AElor Y FAM B PAVS
e ey SYol= g wel Z&o] gepAY] fie] ey gl nhE
EE&E e 3

- Haw a7He §98 AEs) dsiME PAVIE %, &8, 4%, A5d uet o
v Ane] Beo] arHEAE ¢4 4% Fol P 4 on 7 wAd ARE 4
@A Y SE EG JFe v

U ALY BY I 7 9 &Y AT M W O - O R
a0 Aie g B gE vE s
2t =w za] | ot O] ¥ asns ] S T =
o= siow #e] I s P Tl = *EEE A3 su o
= T T — =
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sy nyl | es] s
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2009 Electric Aircraft Symposium®| AINASA 2] Michael Dudleyi= PAV Z7]&
#FAste] TRg a9 ARUES AHEY, PAVY YA 2" A4 F ERFE Y
= T Ue stue dAES B, 4g87], wiHY T8 ek oA A fEQ.
Asy Wi g, A5 @3 S wepA duA dEE7F Gk 7] wited F 2o o
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AA AEHAAY L T PAVel tigk AldE 7HA Ll CTOL & =253
(Roadable)¥} VTOLZ Yol FAMTOW, Maximum Take Off Weight)ol] w2
e (HP)S ofel ¥l Zo] E/sts. T4 FoE &5+ VIOLAA = 1L
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2
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3000 |- -

2500 -1

2000 - =

VTOL
1500 |- -t

Power (hp)

1000 |- -
- CTOL & Roadable

500 |- & A 7]

1 " 1 " 1 A i

500 1000 1500 2000 2500 3000
Weight (kg)

T8 154, CTOLZ Z2F s, VTOLS| S =2F H|w[23]

- VTOLY A% kg® vtE47F A 1.080] 31 CTOLY %2533 (Roadable)®] 7% 3
T 0.2429] A7} Y. o] Vehicle?] FAE 1,000 kgo = 71439 S o, VTOL2
1,080 HP(806 kW), CTOL¥} ==2ZF8 &2 242 HP(180 kW) PowerE 7}3 3
28l AREstH W = 5. ofdl 19 PAV Typed FAlo @& &4=
ek w249 A58 EdiE PAV VehicleS 1,000 kg FAE 7H &
83 PAVERAL 7FY S star SR A "ol tisi A A3

1600 : r . : r T T T T T T T T T

1400 | , _
1200 |- B
1000 |- "/\V/TOL

800 |- -

Power (hp)

600 |- 2

400 | -

200F 7 CTOL & Roadable 5

& I
0 keee—"1 " 1 . 1 . L . 1 . 1 M 1

0 200 400 600 800 1000 1200 1400
Weight (kg)

19 155, PAV "Efof w2 =3 7 xH[23]

- Z} AP Ao & FHFTH(Power/Weight) S ofd]l 1o FASH F FZo| =&
(VTOL)el Hls] =288 g37]9 FIA=" FA7F uf$ 258 D=
[23]

- 175 -



1 . ] Ll T ) ] L T y T L T
i @
f=3 .
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M400 X-Hawk Virus AirCar FSC-1 Flyer Transition

Personal Air Vehicle

19 156. PAV S| E2H[23]

Fuel Cell System Power Density (kW/kg)

2
... Boeing
rany 737-200
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6 - Fairchild
10-Fold Increase in  7-Fold Increase in kol SA 22TAL
Alkaline Power ~ Automotive Power /oxr==== b § ﬁ (10X SOA
4 Density _Density g Increase)
in 10 Years in 5 Years
o == Fuel Cell
24 Gemini Apolio Shuttle Bas h = Piper
S 2 = A — Dlgn Warrior Il
S h O e el
o . T — K . | Increase)
1960 1970 1980 1990 2000 2010 2020

Calendar-Yoar Current State of the Art

~0.5 kWikg System

O3 157, MI|FXR S J7Is5H sl ARTX| 7|1&[24]
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J8 158, I2AF Mall & A ZXMX|(Proton Exchange Membrane Fuel
Cell)[24]
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Isooctane Liquid Methanol Liquid
Hydrogen Methane
T8 159. 1kgel =45 MEs7| fI5h £ [24]
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_E_ 600.0 A
2
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02 160. o] FRAAH dHefof thet & st&27| FH[24]
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Drive
Reduction wheels
gear
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Engme P
BE A28 Electric r
: Motor  |empp b
144
PMU ~| Battery
v v
| Avionics I
IMA: Integrated Motor Assist — VO
— Cruize

PMU: Power Management Unit
— Dazh

4 sholum AzEY TR GA: BEAhY

I S Y e I
bz

a9 166, 3718 Ad stolHE = A28 AAFE (4 )
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— Drive power ‘= Electric power

Battery
Y
Transmission Inverter
Engine +
Motor/
1 = generator
Drive
Reduction wheels

gear

Reservoir

% 167. ¥ stolHYE A 72
(4 : http://www.ae.pwr.wroc.pl/filez/20110606094057_HEV.pdf)
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Coupling | o | T
(Transmission) - g

T b—

Rectifier W
PMU :

L

Battery

ISG: Integrated Starter Generator === VT
PMU: Power Management Unit i

— Daszh
a. Tilting®
~ | Coupling " r
{Transmissinn}&—_;-l':,} IOJ
ISG ~

|
3

Rectifier

i
Electric

satery | Semte >

ISG: Integrated Starter Generator == V7o
PMU: Power Management Unit Shee

ToTm

— Dash

c. =99

Engine E—-ﬁ'-’.?
Coupling

-Tig?”
ToTo

(Transmission)

Rectifier
IPMU '"

matery o] Tt

TOTO

ISG: Integrated Starter Generator == V
PMU: Power Management Unit Z‘
b. %34

s [T f
Engine = IMA — g
;
H{r“
PMU
Electric ri:l
Battery » otor » o
o]
IMA: Integrated Motor Assist S—| v
PMU: Power Management Unit ';r”

d. #-233

% 168, Fe718 WHE stolHe = AJAES] FAE (EA4: k)
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9 169. $targhEoe] o]~ ALk} FF gt
293 ¥ stolvg = VITOL F¢17|“FE-Panther” (&4 stat7}1)

(CLOSED)

(c): battery charging. (d): regenerative braking.

28 170, M9 slolHg= % HpA
d : http://www.ae.pwr.wroc.pl/filez/20110606094057_HEV .pdf)
gk Abg dubdg o2 40km/he SE7bA], A7) REHE WA Hel
ol AFAHA e WEele] UuAEY 45
(b) W7 vk AFS: 40km/ho]Are] o= A ol 2EH. o] LR

O © RS o 1=
(b) A7 + A7l &8 ¥ B2 AuA7t 222 450U Be aF), 17
27 & Ay HER Ao ¥ 2 28 de
() A7 + wiE e T4 A& d=e] das 45 e T4
(d 3 A& As = A5 T, A7 BHE FF0l= AFe &5 oduA=

A7) dae 3

v E e B Aol ARd 4 A 2§94
v A speluel=sl vwstel, 1] REE F3E §7 dEd Udslnng
A4 AL S As W) RE/EA/E st Bed
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v A8 gtolBels AlAFET B35 A2
v sl T A4 RPM WelolA 2EetA omz ue sd Swof
Al Z&o] "oy
v oAzl do]l v el EeE A 7] ol wiE = AA AEHA A 5
=
- sfolB = QXleA yAr|#o R AMEE F Adv R A% FE7](GA: General
Aviation)ol] AH&E & Q&= 7HEd <X, bA X A7) dxlS oty FEel U
W
3 34. Gasoline Engine Data
Gasoline Engine
Model HP@RPM Weight(lb)
912 ULS DCDI 100 @ 5800 140
912 IS/ISC SPORT 100@5800 140
0-200-A,B 100@2750 224
914 UL / F 115@5800 140
914 UL DCDI 115 @ 5800 166
0-235-L2A 118 @ 2800 222
I0-240-A,b 125@2800 246
0-320-H2AD 160 @ 2700 253
I0-320-B1A 161 @ 2700 259
0-360-A3A 180 @ 2700 259
I0-360—-AF 195@2800 305
TSIO-360-FB 200@2575 359
I0-360-A1A 200 @ 2700 293
I0-360-CB 210@2800 327
TSIO-360-SB 220@2600 354
TSIO-360-CB 225@2800 317
0-540-J1ASD 235 @ 2400 387
I0-540-A1A5 250 @ 2425 448
L/TSIO-520-AE 250@2400 380
0-540-E4C5 260 @ 2700 370
I0-520-BB 285@2700 423
TSIO-520-EB 300@2700 448
I0-540-K1B5 300 @ 2700 443
TSIO-520-JB, LB, T 310@2700 456
GTSIO-520-L 375@3350 485
I0-720 A 400 @ 2650 566
TIO-360-C1AC6ED 210 @ 2575 348
TIO-540-J2BD 350 @ 2575 518
TIO-541-E1C4 380 @ 2900 586
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3t 35. Diesel Engine Data

Diesel Engine
Model HP@RPM Weight(lb)
SR305-230E 227@2200 455
AE300-E4 168@2300 410
Centurion 2.0 135@3890 295
AE330 180@2300 410
CD155 155@2300 295
CD200 230@2200 450
SR460 400@2200 595

3% 36. Electric Engine Data

Electric Engine
Model HP@kW Weight(lb)
Yuneec Power Drive 10 13@10 455
Yuneec Power Drive 20 27@20 410
Yuneec Power Drive 40 54@40 295
Yuneec Power Drive 60 80@80 410
O T4 % A A
- dn] 234 2 A A PAVZE O AUELdAE EFrime Fe F 9
L5 BAgh ole Ato]l HAHoAM AFAFTESY FAE AASIL PAVE o] A
FAEES MAFoZN 7Hs e
- olw o 7FA| &t (useful load)o] F433t% (payload)JJr Azstz ol 3ol thsf
ARLE AL o] A& AbRste]l F 7EA o] 5% stE Aluel e ALtste (FATA A TF
& FE A, FASAHAA TP dF oA T B jé?"cj}(Welght & Balance) 34 &
SR A
- 9o F AU diF Ferle EY vHE AEERS A £FdEE dE 7
ket

1-4-@© AtolA A A#HMY dA ¥ EH
O Aeromobil 3.0¥} Transition 8733 s el 7d A8

- E2F3Y PAVE AtelAstr] 918 ASHE AEE S Adatrlds oy weol 2
o] 2F33 PAVY thE A ¢l el Aeromobil 3.0% Transition® Aol thal Afo ] ]
ZZOPE AN AA v R 3

- 94 Aeromobil 3.03 Transitiong AAIE 3 wo} o] At JdFAYE Q. 2
7] sl 3 (82 7 £ go] AdEHU AMNE Ed A& Aeromobil 3.03
Transition®] 3t A5E AHE AFF4S 7H8ste] /sl PAVALeld Z2I51& Af
& Aol 3

o
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- PAVALol A 2o AL g5 = FAS Aeromobil 3.03 Transition® G4 A3 A5 =
o] g3ate] PP on, 71FEe ¢ Y= Aeromobil 3.0 Transition®] A3} v wld}
o &3] &  gdd Ao sk Ja5E =&

- & 3o Aeromobil 3.0% Transition& Aol tale] F7lEHo] 9= Holg e dAAS
B3 42 dolHE A

E 37 TransitionZ} Aeromobil 3.0 H|O|E
Transition Aeromobil 3.0
Sl Unit US unit Sl Unit US unit
=7l 2o 8.08 m 26.5 ft 8.32 m 27.3 ft
EXES 14.86 m?2 160 ft2 9.25 m2 99.6 ft2
= 75 kKW 100 hp 75 kW 100 hp
35 S - - 600 kg 1323 Ib
78 225 kg 500 Ib - -
= 5 650 kg 1430Ib - -
HiZ AR E 0.284 kg/kW/hr 0.47 Ib/hp/hr 0.284 kg/kW/hr 0.47 Ib/hp/hr
- Og ¥oAM= 7] TR UE FEdsan e st s 4
¥ 38 &a37| &F0 wE FHISFH|[20]
Type of aircraft T/W range
Unpowered (sailplanes, hang gliders, etc.) 0
General aviation 0.30-0.45
Commercial jetliners of the 1950s — 1960s 0.18-0.26
Commercial jetliners of the 1970s — present 0.20-0.35
Modern fighter aircraft 0.55-1.15
¥ 39 37| 74 wzE AdHstE[21]
Historical trends Typical takeoff W/S(Ib/ft?)
Sailplane 6
Homebuilt 11
General aviation—single engine 17
General aviation—twin engine 26
Twin turboprop 40
Jet trainer 50
Jet fighter 70
Jet transport/bomber 120

) shel gt dolE sk ool AL o
4 % Aelge A
E 40 TransmonJ—P Aeromobil 3.0 &7 At
| Transition | Aeromobil 3.0 |

- 188 -



Tl 55 60 mph 60 mph
Az 300 miles 300 miles
He| 300 nm 300 nm
) &£ 100 kt 108 kt
=g &5 85 kt 87 kt
=3 0% 8000 ft 8000 ft
<3 AHel 50 nm 50 nm
s 0 pax 0 pax
F3E 50 b 50 Ib
olF Azl 1000 ft 1000 ft
0|8 1% 0 ft 0 ft
MESE 1000 fom 1000 fom
AS AlE IE 0 ft 0 ft
AE &5 45 kt 45 kt
A A5 1E 10,000 ft 10,000 ft
M3 &= 80 kt 80 kt
M3 stE Al 1 g 1 g
O 7N Afold ZTRIAS AR &2 WA e Alo]d A
- Transition A}°]%
o 30745kte] A&HEHEE Bkt (FA SR WASHA Apo]d 43
o AEEE FUbel wet @y Ho]l 9 gy WA o] FojEal HstFol solut
s g T Uus
M ASSTo wE duidol/HA, FH S|, AHstE X
ALEEE ¢ 30kt HEET ¢ 35kt
SI Unit US unit SI Unit US unit
=i Zol 19.51 m 64 ft =i 2ol 11.89 m 39 ft
i % | 85. 38 m? 919 ft2 7l M | 30.94 m? 333 ftz
S| 0.33 =2 | 0.30
/M55 | 30.76 kg/m2 | 6.3 Ib/ft? oM5IE | 34.67 kg/m2 | 7.1 Ib/ft2
ALEET 40kt AEEE ¢ 45kt
SI Unit US unit SI Unit US unit
=l 2ol 8.53 m 28 ft i Zo| 7.62 m 25 ft
=i ME | 16.72 m? 180 ft2 i ¥ | 13.00 m? 140 ft2
FR=EEH| 0.30 FR=E2H| 0.30
o/H5E | 48.83 kg/m2 | 10 Ib/ft2 olM5tE | 58.50 kg/m2 | 12 Ib/ft2
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Al - 30kt A 35kt
050 - 050 71
——Ground Roll ——Ground Rell
045 ——Climb Rate | [ ——climbrate
b M Crulse Speed oap 4 |~ Max Crukse Speed
- it ned Turm o3 I e Sustalned Tum
i ——Sendce Celling i I [ (T | | ——Servite Ceili
§ﬂ.3(‘l \ Stall Constralint i 030 1 \\ .suﬂc«m,;;
E, 0.5 f?. 0.25
% 0.20 % 0.20 !
g 0.15 ! % 015 - /
E W E ..
e Ne—r W S——
0.05 H ! | | oS L - -
0.00 1 | | | | | | | 0.00 | | |
il 5 10 15 0 5 a0 EL] a0 0 5 10 15 0 5 an a5 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft"2)
AL - 40kt A& - 45kt
0.50 . " 0.50
[[—— RDK—| ——Ground Roll
0.45 [ ——climb Rate [ 049 —Climbfiste
0.40 ! ——Max Crulse Speed l 0.40 —Max Crubse Speed
—— sustained Turn | sz ——sustalned Tum
0.35 ! 1 H e Service ol t e ——Service Ceiling
% oG \ 1 smll(m.m:.n i-.. 0.30 A Constrain
g 0.25 1 1 ‘E. 0.25
% 0.20 { . % 0.20
g 045 / g 0.15
" oo \-.: F 0.10
0.05 ) 3 0.05
0.00 | i l | I | noo - 1 1 | } | |
0 5 10 15 0 L 30 35 40 0 5 10 15 0 5 30 35 ]
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft"2)
O8 171, ASEEE HZo| E AHstE of FHUSTH| J=
« 40071300fte] e]F A S 300ft (A2 WAHSHA Alo]H e
o GUN Hol/HA/ gustF e FAE FR ASERY] S W] uo
o WMol glol WAl Qol/aA/ duatE gre WA gom, o FAe
o wet a5H= FHo] Fo FEUF R = At dA8AY ool HWA gk
o W} 9l
F 42 o|FHA2lo wE EIZol/HA, FHYSHE|, dHstE X
O|§7He| : 400 ft O|§7e2| : 700 ft
Sl Unit US unit SI Unit US unit
=0 2ol 7.62 m 25 ft =27 4ol 7.62 m 25 ft
USRS 13.00 m2 140 ft2 2ol A 13.00 m? 140 ft2
OS2 0.45 FHOISEH| 0.30
o/M35E | 58.59 kg/m2 | 12 Ib/ft2 olM5tE | 58.50 kg/m2 | 12 Ib/ft2
O|§He| : 1000 ft O| &7l : 1300 ft
Sl Unit US unit Sl Unit US unit
=i 2ol 7.62 m 25 ft =i 2ol 7.62 m 25 ft
EREES] 13.00 m2 140 ft2 2o HA 13.00 m? 140 ft2
FEOEEH| 0.30 FE0iEEH| 0.30
oIM5tE | 58.59 kg/mz [ 12 Ib/ft? oIM5lE | 58.59 kg/m2 | 12 Ib/ft?
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0| = 72| : 400ft

0| 72| : 700ft

0.50 v 0.50
—— Ground Rol ——Ground Rol
s I | —dlimb Rate o1 ——climly Rate
0.40 ——Max Crulse Speed .40 —Max Cruise Speed
———sustalned Turm S tained Turn
B | —— service Ceiling o Ba —— service Celing
-i._ 030 | | | S_G!I(ons'trihrrt | i_ 0.30 stall Constraint
_f; . \ E 0.25
% 0.20 L 1 ! ! ! ! % 0.0 ! ! !
g 015 = e ol T T T T _E 0.15 :
F P e B > = i
0.05 | 0.05
o0 1 | | | | | | 0.00 | | | |
0 5 10 15 0 5 0 35 0 0 5 10 15 20 25 30 £ 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ftA2)
0|2 72| : 1000ft 0= 72| : 1300ft
0.50 ; 0.50
e Ground Roll e Grcund Roll
L —dlimb Rate 0451 [] —dclimbRrate 1
0.40 + ! 1 1 May Cruise Speed 0.40 - Max Cruse Speed
— Sustained Tum —— Sustained Turn
= B T i T — senvice Celling o R —— Senvice Celling
i;- 0.30 + 1 h ] | ~5tall Constraint § 030 | _-SIBFI(nnstraint_
E. %31 . EE 075 |
% 0.20 s i 3 0.20 |
& » o
5 o1s <~ t — S B0
" 010 \-—' * p— - ! " 0.0 |
0.05 ! 1 ! 0.05 |
0o - 1 | I 1 1 | I | .00 | }
0 5 10 15 20 25 30 35 a0 o 5 10 15 20 25 30 35 a0
Wing Loading (Ibfft"2) Wing Loading (Ib/ft"2)
8 172, O|F§AHe| HAEo| meE AHsts f FHof S|
e 40071300fpm<] AsES 300 fpm HA SR WHAHSIHA Alo]ld 403
W) Rol/AA/ WEE ke FE ASEE] dFL W] dEo] A&Ene
W7ol glol WA Zol/MA/ olwalE ke wHA fon, g5Eel gl o
o RTHE Feol AAN FHUF RN S Ae % F AL
£ 43 Mo B0l mE YINYol/H, FHEYu|, AHHE 4]
ASE 1 400 fpm ASE 0 700 fpm
Sl Unit US unit S| Unit US unit
=i 2ol 7.62 m 25 ft =27 4ol 7.62 m 25 ft
EREES] 13.00 m2 140 ft2 EXEES 13.00 m? 140 ft2
FHEZH| 0.23 FREZH| 0.24
o/H35E | 58.50 kg/m2 | 12 Ib/ft2 o|M5tE | 58.50 kg/m2 | 12 Ib/ft2
AS5E 11000 fom ASE 01300 fpm
Sl Unit US unit Sl Unit US unit
EALY 7.62 m 25 ft =2 4ol 7.62 m 25 ft
EIREES 13.00 m2 140 ft2 =2l A 13.00 m? 140 ft?
TS| 0.30 Fch=EH| 0.35
o/H5E | 58.50 kg/m2 | 12 Ib/ft2 o|M5E | 58.50 kg/m2 | 12 Ib/ft2
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(=]
050 . o — 0.50 —
——Ground Roll —Grcund Roll
EAE ——tlimb Rate .45 ——limb Rate
0.40 ———Max Cruise Speed 040 4 - Max Cruise Speed
——Sustained Turn e Buastai e Turm
L ——Senvce Celling xR —— senvice Ceiling
% il stall Constraint i. st -stall Constralnt
g 025 - § 0.25 b ! ! ! !
% 020 i 0.20 = ! ! |
g 015 g 0as | = ! | ; ! -
i 0.10 " oo | e !
005 - 005 |
0.00 } 1 ! 1 1 | 0.00 4 4 4 | 4
0 5 n 15 20 25 0 ES a0 0 5 10 15 20 5 30 35 20
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft"2)
» {‘-;,F%—E : 1000fpm _ _ . A= 1300fpm |
| —6round kol I : T — Ground Rol
045 | —ctimb Rate Q887 —dlimbRate
il - Mas Cruise Speed s d Max Cruise Speed | |
| e S L TUIPD St ained Turn
= 038 1 —Service Cebling o 0.35 - e Service Celling
i‘ 030 ~5tall Constraint -i.. 030 | - stall Constraint
E’ i T T g 025 -
% i / ! ! ! ! 3 020 +
g 0.5 _1.__‘__ ! / g 015 -
" o \x'—"‘—'—"ﬁf = — | E 010 4
0.05 005 1
i 4 | | | | | | TR | | | | | | |
0 5 10 15 20 5 30 35 a0 0 5 10 15 20 25 0 ES 0
Wing Loading (lb/ft"2) Wing Loading (lb/ft"2)
8 173, &S5 E Yo g AHstEs of FH S|
- Aeromobil 3.0 Ale]#
. 3074Bkie] EEEE Skt (A0E MARAA Abold 3
o ASEL FTlo] wl ) Aol B dy) WA o] Fo]Ea JHetFo] AAE As
S
E 44 A&ETo| wE Lol FUE|, olpsE 4
AEET 30kt AEEE ¢ 35kt
Sl Unit US unit Sl Unit US unit
=0 2ol 18.59 m 61 ft =27 4ol 12.19 m 40 ft
EREES] 44 .69 m? 481 ft? 2o HA 19.88 m? 214 ft2
FHEZH| 0.31 FE0isEH| 0.30
o|M35E | 29.30 kg/m2 [ 6 Ib/ft? IM35IE | 43.94 kg/m2 [ 9 Ib/ft2
ALEEE ¢ 40kt MLEST ¢ 46kt
Sl Unit US unit Sl Unit US unit
EALY 10.06 m 33 ft =2 4ol 8.84 m 29 ft
EIREES 13.10 m2 141 ft2 2ol A 9.85 m2 106 ft?
FRHEZH| 0.29 FE0iEEH| 0.29
oIM5tE | 58.59 kg/mz [ 12 Ib/ft? olo{st= | 73.24 kg/m2 | 15 Ib/ft2

- 192 -




Thrust to Weight (Ib/Ib)

Thrust to Weight (Ib/ib)

0.25

0.20 -+

L

010 |

0.05 +

AT 30kt

—— Ground Rell
—— Climb Rate
—— MaxErulse Spead

Sustained Turn

—— Servlee Celling

~—— Stall Constraint

| ! I | | | | | o0
5 10 15 20 25 30 EL 4
Wing Loading (Ib/ft"2)
Al A A =
Al 40kt
050
| —Groundrelt
I —— Climb Rate 65
I | = Max Cruise Spead 0.40
‘ e Sustained Turm
| I | —— Service Celling 0.35
-0 sbconint || 2 030
é 025
E
R
g o1s
’ £ 0,10
0,05
| | | } ! | | 0,06
L] 10 15 20 Fil o 35 40 1]
Wing Loading (Ib/ftr2)
PN
a2 174, AaSE Wl me ol

——Ground Roll
——Climk Rate

—— Max Cruise Spaed

——Sustained Turn

—— Service Ceiling

Stall Constraine

5 10 15 20 il an 35 40

Wing Loading (Ib/ft"2)
A 45kt

i
|
= Climb Rate %
| ——MaxCrulsaSpaed |
= Sustalned Turn ‘
| ——Sarvice Cailing |

~—— Stall Constraint

-___'——-rf'_—-"-_ —— .

7 10 15 Fie] 25 30 35 40

Wing Loading (Ib/ft 2]

400713006t8] ©] H712 & 300ft7-A 02 WAGHA Apolq 438

9 del/MA/AWRF e Fu ASEEe] GBS W] o] B&

Aol glol Wil Aol/mA/ jdstE e WA gow, oFAL} F
Fejo] Zojgo] Fevzdns} gasiudgAL ool ¥
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E 45 o[ 5720l me rfZol/HE, FciEs|, AWsE
O|FHz2| : 400ft O|F7H 2| . 700ft
Sl Unit US unit Sl Unit US unit
E AL 8.84 m 29 ft =l 2ol 8.84 m 29 ft
USRS 9.85 m? 106 ft2 U RS 9.85 m? 106 ft2
FEEZ| 0.41 FEIEZ| 0.29
/M55 | 73.24 kg/m2 | 15 Ib/ft2 o|M5tE | 73.24 kg/m2 | 15 Ib/ft2
O|&AH2| : 1000ft o|&7 2| : 1300ft
Sl Unit US unit Sl Unit US unit
=7l 2ol 8.84 m 29 ft = 4ol 8.84 m 29 ft
Ev RS 9.85 m?2 106 ft2 = M 9.85 m?2 106 ft?
TS| 0.29 FEEZ| 0.29
oloi5t= | 73.24 kg/m? | 15 Ib/ft? oloist= | 73.24 kg/m2 | 15 Ib/ft2
O|&AHZ| : 400ft O| &7 2| : 700ft
0.50 0.50 ——
V4 e ‘ —wonar |
045 74 —— Climb Rate = | ——Cclimb Rate |
.80 Max Crisize Spoed | 040 Max Cruise Speed |
= Sustained Turn ——Sustained Turn |
o 035 o | ——Service Cailing - 23 | ——Service Ceiling
£ 50 | SR Cansrelnt §=uu dial Cnnraliy |
% 025 g‘? 0,25
3 0.20 | : 0.20
g 0.15 | g 0.15
F %1+ 'E 010
0.05 005
(+] 5 10 w]ﬂgi:ﬂadingi’;b;ﬂaziﬁ 0 EL 40 (1] 10 wrnsl:mﬂlﬂsiﬁhffwzib 30 3is 40
O|&7{2| : 1000ft O|&7 2| : 1300ft
0.50 0.50
—G_I'.vund naﬂ" ——émund Eull-
24 ——climb Rate L4 i ——climb Rate
0.40 ——Max Crulse Speed 0.40 ~Max Cruire Speed |
= Sustained Turn ——Sustained Turn
0.35 | —— Service Cailing = o | ——Service Celling 7
§ 0.30 S.Inlltonnulnt § 030 4 sf'f"cﬂ'_""_
%U.'}S %n.zs
E 015 g 0.15
‘5 010 i ﬁ 010
0,00 T + 0.00 4
(1] 5 10 15 0 25 30 35 A o 10 15 20 25 30 i5 40
Wing Loading {Ib/ftn2) Wing Loading (Ib/ft"2)
O3 175. O|BAHE|l #HFo| w2 AHstE of FHSHH| Jef=
* 40071300fpme] 458 300fpm (HA o2 WHSHA Alo]H 43
o W) Rol/MA/ Rt e Fr Axsre JFE W) fEd AxEE
H7go]l glo] I/ dol/mA/ oWists 2 viH A o, dsEel 7t
g FAgF st Sobeke e % S
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¥ 46 ASEM w2 ZIiZol/HA, FHI|SHEU|, AdMHstE =X
ALSE 1 400fpm AFSE 0 700fpm
Sl Unit US unit Sl Unit US unit
E AL 8.84 m 29 ft =l 2ol 8.84 m 29 ft
USRS 9.85 m? 106 ft2 U RS 9.85 m? 106 ft2
FEEZ| 0.21 ZFEEZ| 0.24
/M55 | 73.24 kg/m2 | 15b/ft2 o|M5tE | 73.24 kg/m2 | 15b/ft2
ASE 0 1000fpm MSE 0 1300fpm
S| Unit US unit Sl Unit US unit
=7l 2ol 8.84 m 29 ft = 4ol 8.84 m 29 ft
Ev RS 9.85 m2 106 ft? = M 9.85 m2 106 ft2
FEEZ| 0.29 FEEZ| 0.35
oloi5t= | 73.24 kg/m? | 15 Ib/ft? oloist= | 73.24 kg/m2 | 15 Ib/ft2
AM=E : 400fpm A== 700fpm
0.50 = T T 0.50 T
040 _—M::lelusp-d N .40 ﬁm::cm:“:rppmj il
§ .30 -5tall Constraint g 30 | | . _5.“":““";“ |
i 0.20 t T + i 0.20 -
2 - 2
% oa T B oa | : :
ﬁ 010 s 4 _-’_.-__.-._.-'_'-—:‘ ‘E 0,10
0.05 0.05
: y Wlng’:oadlngar‘lb}ft-";;s * ” ° ’ ) " W!ng.:oadin;{o{bfﬁ'\zis ? " *
=5 : 1000fpm =& : 1300fpm
0.40 _m':(::;ipﬂad ,‘ .40 Mnu:;vumSpMd /
0,35 | ::::::::.:T = o | ::::Z:::
§m - scenmeams | 030 i sl
%{J.JS B E: 0.25
% 0,20 % 020
i i
0.05 0.05
oo o 1‘0 15 20 .l.". 3‘0 3‘5 40 e 0 10 15 20 25 30 35 40
Wing Loading (Ib/ftr2) Wing Loading (Ib/ft*2)
O 176, &S E BHHo| M2 2ustE of FHUSHH| def=

1-4-@ HF M9 %

O 7Id A& (Concept Down-

A

Selection)

- Aol H FE, 4 A AR Fdd A 2421 S e
o] PAV AAI7F Yo FaTd, d5 &8 HsE, Ao As
H| L 3Fof of 3}

- S b, S A4, Ve BEEAA, Ve 59 T54, oY
d Vs E nEEte HE IES A9
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oy A AAE] RE ASZAES BEIE A3 F2H o7 FLle AAE
g3h= 2 AAA QD PAVAE Aol A 7Hd T8 A7 F9o shitoln, 7] *M,
Hl-E 2 AR el 2 dEgS v

CAEE Ao 190N £E3 uggEe PAEASE R s} w9 47
ol H7E 98 ts A4 oA 249 (Multi-Attribute Decision Making, MADM)
HHE oA gy 2ol WY T 3yl Technique for Order of Preference by

Similarity to Ideal Solution(TOPSIS)= AF8& 4= Sl&(oFa] 29). o] Hi2 23d %=
of JFsle] ATE ST 4]
ol g Yo AAYY A EL ol &3stH, 9
E°l dg 7FsAE % o HAS
ol 7ol thall oFf & Hol=A ghiwol otetr] 7t goldh o] ik 2xbd o] A
s YT A4
- S Yol oALA G HAIEe] A& A AT S EE T don, 4R 9
P 28344 TS

Criteria
iy

>~

TOPSIS Ranking Scores for Concept Selection

e BB
o] =
| ==
1 i
i} [ET) ta
Normskzed with Max Morm)
it
|z 4
=] L] (=1 1 L+ 4

Cenification Risk

Satety _
Crashworthiness
Visual Appeal [Tar)

¥i; 1 i (Aircraft)
TOJLD Simplicity

Folding Mechanism Simplicity
Wm*!ﬁﬂ?'nmh ity b
pells ulnerabll ity .

.

Drmru Dyriamics

=sibility
ble (F Range
Nigight
Fuai afficiancy [Airoar)
fFiBce Holder] ] S o1 E
Sum Bt
Concept Recommendation Concept Assessment
e ——D1 Iz Tl —[7 ——C3 —$-HI ——HE — 52
DE
eS8t e Texhnoly ginl Umceranty
e Hoider] Lo s Ciomperiy
Hi 55| E |Flwsn Hokder] - g Compe

5 L5 [

camen hecezniin N e A /1 7@ v appeatican

Criving Dynamas
5

Frapails 700 Vulnaratitite

Wing $00

O3 177, =HFW 37| Y "o o ME ¢
O Transition®} Aeromobil 3.09] Aol 2z}
- Transition® Aermobil 3.09] Alo]A S ¢33 AH+= ofg] X9 25
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Thrust to Weight (Ib/Ib)

¥ 47 TransitionZ} Aeromobil 3.0 &F& At
Transition Aeromobil 3.0
=d =5 60 mph 60 mph
Hel 300 miles 300 miles
Hel 300 nm 300 nm
O =& 108 kt 108 kt
T =55 87 kt 87 kt
=g 1% 8000 ft 8000 ft
23 AHel 50 nm 50 nm
=4 0 pax 0 pax
+=0ot= 50 lb 50 b
0l AHel 1500 ft 1500 ft
olF N% 0 ft 0 ft
MESE 600 fom 650 fpm
AS ANE O% 0 ft 0 ft
s =5 45.5 kt 45.5 kt
O s 0% 10,000 ft 10,000 ft
Hgl 5% 80 kt 80 kt
M3 otE H= 1 g 1 g
H 48 APO| A= Transitionz} Aeromobil 3.0 X
Transition Aeromobil 3.0
Sl Unit(ZI&E x| / AtolE =x|) | SI Unit(ZI&E x| / Ato|Fd =xX|)
=i 20| 8.08 m 8.0 m 8.32 m 8.23 m
2o MA 14.86 m?2 14.31 m?2 9.25 m?2 9.11 m2
M= of 75 kW 74.25 kW 75 kW 75 kW
=6 Y - 597 kg 600 kg 550 kg
78 = 225 kg 169 kg - 154 kg
=z 650 kg 766 kg - 713 kg
HHAZ &~28 | 0.284 kg/kW/hr | 0.235 kg/kW/hr | 0.284 kg/kW/hr | 0.235 kg/kW/hr

0.50

0.45

0.40 +

0.35 +

0.30 +

0.25 +

0.20 +

0.15 +

0.10

0.05 ¢

0.00 +

———Ground Roll
——Climb Rate
———Max Cruise Speed
———Sustained Turn
e Service Ceiling

—Stall Constraint

5 10

19 178. Transition®} Aeromobil 3.09] ¢

20 25 30

15
Wing Loading (Ib/ft"2)

35

40

0.50

0.45 -

0.40 +

0.35 -

Thrust to Weight (Ib/Ib)
e P 8 2 @
e = b Pt 1]
(=1 w (=1 w [=]

2
[=}
o

g

el

s Ground Roll

| —dimbRate

- Max Cruise Speed
—— Sustained Turn

e Service Ceiling

~—S§tall Constraint

15 20
Wing Loading (I

5 10

25 30
b/fth2)

3% of FoFn o
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V &5 4E 9 N4

- 1 &F -7 (NASA)2] On-Demand Mobility

WAl AA Asptdel wel 2 wEFH] DaAo] AXHA At A= Al
[e)

7/I'¥ On-Demand Mobility(ODM, & &3 °o]lsholdl= /dS s
|

A AET Qe BE o5 Fde T3
at= N
Mle] FF7E 2fdte] olEdtE Aol obd FF 7S o Abgte] Ffrau,
Ao wigk FHet] 2= S T
ODM= .3l AlZbs Efal ofdsh= 7id o] obd Huh &2 ARh o5 W S5
I e GARE 2PRe qlelo] o] 8 = gl AlAHE W

ODM Barriers,
Figures of Merit
W

Outcomes & Vision
N

Technology
Survey, Candidates

N
Research Themes
N

Roadmaps,
Technical Challenges

a2 179, ODM (On-Demand
Mobility) 2E2 XX} 25]

ODMel A 4s]7] gsj4 ook FWERE AFIRAA, WHY /1%, &
g, A, N, A, 28, W)k, 2Ae
AT QFEL AN, P E:

AE &y

7 A A op et

ODME 717 0|52 sH= AHEAE 9% Axdo] ohd e A 278 §3
oA FE71E FHake Ad. ol Thin Haulol 2 o] A Fakit], o2

r

]

&5 =
Mz A Bl 7]e 2 BAEstar 9. Thin-Haule] 23E o, H& F 714
=

ol 2R|E= S A7 9. o] 7|9 DEP(Distributed Electric Propulsion)
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ol
il
(2
2
=

2
e

Fuel Tank Energy
Siorage

Thermal Efficiency = 28%

ICE Shaft
Horsepower

€402 with Teledyne Continental TSIO-501-E, 300Hp

Thermal Efficiency = 109/394= 28%
Specific Range = 148 / (144*5.39kWh/Ib) = 0.19 nm/kWh

Propeller

Airframe Aero Specific Range = 1.03nm/Ib = 0.19nm/kWh

a2 180. C402 H|&£7{2[(Specific Range) [26]

Thermal Efficiency = 23%

Fuel Tank Energy

Battery Energy
Storage

Turboprop Shaft

Specific Range = 0.64nm/Ib < 0.12nm/kWh

PC-12 with Pratt & Whitney PT6A-67P, 1200Hp

Propeller

Thermal Efficiency = 389/1736= 23%

Specific Range = 205nm/hr / (322*5.39) = 0.12 nm/kWh

a2 181. PC-12 H|&=He| [26]

DC/AC Inverter

1
Efficiency = 98%

Efficiency = 95%

Overall

“Specific Range” = 0.71nm/kWh
(Initial Distributed Electric Propulsion concept studies)

112 182. DEP (Distributed Electric Propulsion) H|&7{2| [26]
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3 A

ol =i
o %3
o e
& 2
Ak

- 199 -



<

Ho
ey

i%e)
o
]

™

—
o

|

&7

W WS bs

Els

= 9 Wste] o

o]

A =

3} w}

)

R

oA A s A Y F

[}
A

PN
T

)

x
B
M

Mo
_.00
o

—

]

A5 2sh vl A

o

X

o]
T
o

Ho
;OO

1

ol

bol Qojip

ol

7 zEe) Adz
Aol A Vs @ Aol ohy)

1|

NH
o)

fuy

bl
e
Nro
)

o

o
"
"

il

ofn
\I_J

g ¢

oH
oS

oj

718 =id G AEe A g 5 9

== 37
i

NE
=K

el

ODM% 4 &
o)

ﬂ_ﬁ

A A]

A

o FFY oL 93

Eyl,

(helipad) 7} A A]

=

3l
=

ol
N

. ODMo] A}3]

[eX Ke)
=]

e

5] 7}
H) o] o] & HQ

Qo
=

A8

-
T

of A1 el

A v
=71 9

#1314 NASA

o]g—

3}
.

Al ket

o
= FE(Cloverleaves)2 o= ALE3H B %

dl 222} 2 (Cloverleaf) 2] &

o] %
H A

o]
H

50ft A =<ldl,

w9 A7+

S

o e

7]l

AR AHES

3l
=

LY

A mXIZ2| Cloverleaves?| 37|[27]

2 183.

- 200 -



T N o
D 5
‘_LIOXo © T Mo n
_ U ]
Ko B wl ﬁr.@%% < & ®
file) —_— > 77.A — A ]
BT N o il o
AJo S m o | Wo I = M o o o) T = =
ﬂﬁ oﬁOM H| ol .aoﬂ qw?% E m_rhwwu ﬁmﬂﬂbt Wi
o X o = _ o S o Qb
= O e Cﬁ?m%ﬂ o - ﬂos mxﬂz_ﬁw 5T Haﬁaﬁrﬂi
o 2 o o ) N e SN wow AN Z = R aCN I
ok _ oo © up S . o = X r T TE - o K ©
o M = < s LT;%UH %}mﬂ ELOAT of =3 >
3 o — 1 o5 S 2= o Al gl W R N iy
ﬂ.lemMmp]r R o] ol rﬂVUE7 ﬂo.u# ﬂﬁTﬂrq_onﬂ i ﬂﬂnﬁp/luﬂﬂu
o [y ! 0 —_—
o - T Eapenl T G T TR T kX
S F® S oo 2R BEE G wTg ks T ST oD »
T e B wooN g o PR wrE T e o Ly Re Ry
el - oo Mo o i~ o %ﬂ% ALJ} = = o = =
S o c3 ao%aﬂ Ko N F 2 Oy G T e ﬂxgumLoLz
N~ — ﬂ_ﬂmu\l W&oE‘IAL < © ,ILHT_ e 0 = 2B B
xo_/ﬂrﬂ I 0 mmlqooﬂo _ 5 X i 0 7LOo#od|me
= 5l © g W oFTR X i I oo P MR T
HO%E = w izl sV o o e = e T
= T L b T s N e 2w 2 A %wﬁeﬂo%%
e = YT T T Sdm B 2T R e R R
ﬂT — ]Lluwo biOlM]ﬂaLl —_ ],‘mﬁ ﬂ_u:o ~ = -~ o o o)
X Lf 0 XK Qo =5 fas N o= o — AT L o © X X° o0 =
mﬂﬂﬂéa oo i ) = Tor A = N ﬂuatﬂ.l,_ﬂﬂl
Lﬂvi Y o= NI o 0 WX E,L% = 23 = = o AR R
— X° ~ ™ S O S i K] N — oy = o 5 = B 0 = 0
T 5 A o e w < ol B STrWﬂﬁmmNuo SN R o nlGS G
oF = o o EE e ﬂn Eo <0 e = m m o oR - oi _ﬂu A =n = D Lrv z.m WW ﬂor oﬁa Ot Y mwzlL
=" s ﬂaﬂUﬁ@?ﬂd@@%%é%%ﬁﬂrﬁ. T T g
e © — ! o X S o | _ o
oy P ) }og%m_ .m@mzﬁfgm%iomagnmrtlw 3 5 ull:fs%ﬁo
° o i o B T a&%ur«&ﬂ%%ﬁéé%#7z N @7310%<
I G do | s 5w S o T L < ooy Mo O R . T N oy
ronBVARE e ]]E o m_sL ﬂﬁmﬁvq o VNI 70 Mo rm aﬁﬂo =
) wr@ox_@ﬂ o %%ﬂ%ﬁﬂaugé@g R T~
oF N o T K ] Ltmﬂio i7£ﬂ]i zTﬂAﬁ_zTﬂ oiﬂug =0 W wF e
Bk = PR R i}oﬂdhﬂ % oo D o g VEa R w T
T W R R ez E 5 ﬂﬂL1Ur§%H %R
X > O Mo 7 & © < U ‘wa]m‘mm L3 CUN o~ o X e
lAqﬂoLt L N o 0 o O 3 .*1,..90 S s EA N I Aﬂo =) LtLlﬂo :;E
- o 25) Wy 560 = - ) %o o el =y T @) o N- &0 o el = N o T =)
N pE oy z oA gl G N I w oo e
W a dﬂamoﬂ%} = %50_31}2 SN == " L o ® X
Erl 1__/11_ . a8 o T = o S.L ~ piy _.:L i - 0 o AT 1 ‘H_Oi — =n N fm ﬂtl‘._ e ,mﬂ —_
5 D M@ x%goﬁﬂAirﬁ%% ]i Qﬂ]gooazo% w = N N
= > N < ~ e]rﬂrmﬂﬂﬁol g2 u_.]_iLoLE o —
5 . A%@ﬂ%.ymmﬂuﬁlﬁoﬁam E.Nrﬁ.ﬂ.s7 Otaﬁﬂm%h/;%
, . . U1%%%%@3%gz_@uomwmm_zﬁ%%u;mm
o B WX B = I oo I =
* . E:OEV.mAHﬂxmﬂjﬂD
* rTE_zToEﬂ_H‘IO
. = = B

- 201 -




Elevate Al 28l T Ao A 3% 7] wFo] XhSol A3 EAE $23% HEo H

Hlalxloly A=zl gslrid dse] ALE Tl 3718 FYsta =

sk B wfitel 2 &S] MAstEH, M7IEH = old o] 8 glo] Ags

A =9 7 e B3 AAAE 7o)k FUEA QD AR gle] £ % EA9
[e)

- =2
A Al AdEstel AAE = 7] Wil A5 HAWE vE ¢ A5[28]

- Air Bus®] Pop up

20173 39 Geneva International Motor Show©oll 4] Italdesign¥ Airbus A= W%
Aol aEAFE ¢stetr] s AAE Pop.Ups A& AHY
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I 49 Selected constraints for three standards and certification categories suitable
for a fixed wing PAV[31]

ASTM  Committee  F37
Standards Special
Airworthiness  Certificate

FAR Part 23 Special | FAR Part 23 Standard
Airworthiness  Certificate | Airworthiness  Certificate

Light Sport Aircraft Primary Category Normal Category
x|tho|2=2t 1,320 Ib (land) 2,700 Ib (land) 12,500 Ib
= HSS 11,430 Ib (sea) 3,375 Ib (sea) 6,000 Ib (*)
ZfEE 120 kt CAS No restriction No restriction
jagss | 0 K OAS Landng |61 cas Landing Cont. | 61 ki CAS (%)
) . Single Engine
ofl x|
== Single Engine Normally Aspirated /
- — o Fixed pitch / Ground
iT ol 2
=289 adjustable / /
. Tyvo seats including Fpur seats including Nine seats plus pilot(s)
. E) pilot seat | pilot seat seat(s)
Non—pressurized Non—pressurized
7|} Fixed landing Gear | Fixed landing Gear /
(land) (land)
No commercial ) .
operations No commercial operations Commercial operations
20 — — —Ni
= VFR-IFR-Day-Night Y*F*'f) 'FR=Day=NIght | \rr FR-Day-Night (x+)
(***)
Sport ot license or Recreational pilot | Recreational pilot
U N R agove P license or above | license or above
Medical certification Medical certification

() For the purpose of a PAV, an MTOW of 6,000 Ib is retained to facilitate certification

but this is not a “hard”  constraint

(»*)— For single engine aircraft, if 61kt is not met, additional structural and survivability
requirements must be satisfied

— For multi-engine aircraft, if 61 kt is not met, either minimum climb  performance

must be satisfied or additional structural and survivability = requirements must be
satisfied

(»+*) If aircraft properly equipped and pilot properly rated

- PAVE AbolAsl7] flaM e A nde] e TEE £3E5E, 3579, o|%FA,

HAdcFdEE, ANAATHF 5 34 &
- NASA+ 53] Centennial Challenge PAV t)3]o A o}gfx e} 7Fo] PAV| thsh Ao 2

n7 R FEE $E
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- Li et

HE 50 NASAS| PAV Mol & 11 @3
S PAV 27x7
M % 5¢21& olst
TSEE 130~173kt
A Z=&(Quiet)st ot=Hcomfortable) &
MElY DEE0| Mojof 7t
x5 ASA 2EHSELR =L =F0| ZHds o &
Y= AsSA RE E&/02|0 vz =Ez 2ds = lojof &
MMZ vl | st G AMA|AEI(Synthetic Vision System) 2 & MMEF H|dllss HF
AtEAR DAH(CHA AZRALE THS)
gz 808mile
zsio|e e 38 Hoes _M?:.* s AFsts EH2 XYgazEdes 0/&sts
door—-to—door W& 3l
ale]l AFolx PAVS FetHel a7Ag % BEAE obeEs} o] A4
E 51 PAV 2389l 7 xA
o F=xA 7|1& SEX|
£ T 55 100~250 kts
= H|g 2~S(dB) <79
2 Az & 28 AMzZhhr) <3.5
o | s s | MO oL
obF] ;‘PI’_A}%II%Q.EF HIAIZE & A Y <5
oz Atolel HIAIZHMTBF
AZ2lM (Reliability) Mean Time Between Failure | >80
(hr))
HMd|M (Maintainability) ﬁ;;n ?Fﬁr?wljltoifp/:if_{r%)ﬁ}q >50
2% Mo|M(Ease to | WS AlZF LPEZA(TTR - <20
Operation) Training Time Requirements(hr))
7154 (Mobility) %lfeﬁsefrgl?;gﬂ(hr)) 1 <o
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0.050

Drag Coefficient

0.030

0.020

0.010

0.000

Y& AFdA E2 dEHS A& F Ade JdFE AR S dE o] FHUE o F
d)o] 8 A4 (university of illinois urbana champaign airfoil lab)®} Airfoil ToolsA}o] E
oA g tlelHE XA atelon, o9 dHolHE9 ¢RI E ot 1d ¥} o] nlus}
A =[32].
Airfoil Drag Polar

| S

/ \ |

/ N

\ /

/ NAlT G!Tmo-mu /
\
|

(\l GT_I:{I;—li 0] )/ / —— NACA 5414}1513

: / —— FX63-137-137

K\ \l\ / —— NACA 0006-060

! -f‘/ —— NACA 2412-120

e 1 T GTREPCW-120

—— GT.CC150

-1.00 0.00 1.00 2.00

Lift Coefficient

=5

|

a3 187, A

o2t
0%k
Ao
H

SUolA Ab S ERFYY PAVE AAY] SdAE WA Sedete) =2 3
4 474e nHed FAe 28 A4}

F 52 E2E [{3A[33]

29| = A ZE(ft)
= P&
PNJ=LPN ez TA| XA AR ER
B 1.5 1.5 10.7
50 O] At 1.5 10.7 10.7
Maag | 43.5 Ol4 10.7 10.7 9.8
dute 2

(mi/h) 37 of At 10.7 9.8 9.8
37 ojgt 9.8 9.8 9.8
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I 53 FAEY (W FAEA!)[33]
T2 LHH] (ft) Zol (ft)
A 8 5.6 0|4 14.8 0|4
ol it 6.6 O|AH 19.7 ol &t
BEot Rizol FE0| e FHXGL L& 6.6 O] At 16.4 Of 4t
O|EXI=A} M2 3.3 0|4 7.3 ol
I 54 FAEY (HHFAtEA 0]2])[33]
T 2 Hel (ft) 2ol (ft)
4 3 6.6 O|Ab 11.8 O At
ol s 7.3 O|At 16.4 O|A¢
S} RHS 8.8 O| At 16.7 ol &t
ZHof eI ™M & 10.8 O & 16.4 O| &
O|BXIEXMEZ 3.3 O] A+ 7.3 O| &
O TUg74dS 13 dF%
- PAVY dFEAE nlak Zx|o} ¥ th(Georgia Tech) Ahn et al.9] 7oA 28 1883}
2ol AA s o Fdk(Portal A)olA E=2H(Portal B)7FA 9] 95 o3 (Mission view),

H &2 ¥4 (Vehicle view), Zaa

& (Doorstep) ol Al EWate] A

3

[}

]
=

(Modeling view) o & F-&E3&lo] H o=
3 (Portal A)oll Htsl:E AgE VIOLL 5wl

ESTOLE 107}Y, CTOLS 219t oJy|& Hi 9low ulsaxE= 10,000t ©]shel Al
1007250kts 9] &% 2 H|8st= o2 A A8

eSS HolE

o] 714 A F3& AH(mission profile)S Z| A}o]

Fool -4

Z] A

ENEPS
1 O O RUN

] 3 -

<]

701— —

}

off

AL ol
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Access Portal A soeks Por
Mission Range (Porial to Portal) Acoess Portal B

(add 45 min reserve)

Average Doorstep-Access Portal distances
VTOL - 5 miles

ESTOL - 10 miles

STOL - 15 miles

CTOL - 21 miles

d,.t,,

Modeling V IEW |

Block Range >

Vehicle \'IEE Best Cruise (<10K Altitude)
/ Low Speed: =100kts 3

High Speed: =250 kts

Best Climb Descent
Field Lengths @
Taxi/TO VTOL ~<100Mt 45 min reserve Land/Taxi
Gos ESTOL ~ <2501t - -
el L STOL ~ 1000t ronn
Travel Time CTOL ~ 30000 Travel Time

02 188. PAV AR A[1]
- U FEE 70%0]40] Ao g Holglon oA Fetal theo R Fbg =oAL
]

= 1
e R2FYY PAVEES Sl Tast adsior & At
iy

- olga Aed =

SO BFEE WYY L FEow ASHL o] olfo] ofH gy, NEH 54 A
A 7 BERE W5 oEe

-P

AV 7P ¢& 155 AT o Sl 4 EolE argsfof &

A A Aol AsxrE FaE o 78 S BE 37mi/h, Ae AlH e 143}

L 2% 50mi/h, ZEEZ A= 62mi/he] SE2 A g

- Ag =238 PAVE 71 AE7FsAo] w2 24l Terrafugiart® Transition¥}
AeromobilAt] Aeromobil 3.09] H|& TS o] &3t AFE AH

- Transition®] <& 7}s3F service ceilinge 10,000ft, cruising speed: 87kto]™,
Aeromobil 3.0¢] 79 maximum speedi= 107kt= <&l A &

- 9o W& 2 M-S Fete] VEAFEAAES ofdiEet 2ol A
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Ay g g3 A AdPAdow s =

- U EIH| 7L F52 o w2 7S ASEa o we o S50 sty = A
es AL 7 ey HdEEe 24 dAE 7H

- O A ol&ste] 74 diel wel FHU T IS ok, obdlis ] FHRE F
Hol g FHE YEd

(7];/ Ground Roll B 29VL'0;G+Q " O (49)

(%)Rateafc’limb N %Jr (W—q/S)CDmi“ +§ ) (LSV) (50)
(%)Oru,ise Speed B qCDmin(%) * k(%)(%) (5D
(TTv)s Coiting — t 4\/ £+ Comn (52)

21 [T 3
P S 3. CDmin

¥ 58 Typical T/W for Selected Classes of Aircraft [20]

Type of aircraft T/W range
Unpowered (sailplanes, hang gliders, etc.) 0
General aviation 0.30-0.45
Commercial jetliners of the 1950s — 1960s 0.18-0.26
Commercial jetliners of the 1970s — present 0.20-0.35
Modern fighter aircraft 0.55-1.15

1
= §P Vz'tazz CLM (53)
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E 59 Wing Loading [21]

Historical trends Typical takeoff W/S(Ib/ft?)

Sailplane 6

Homebuilt 11

General aviation—single engine 17
General aviation—twin engine 26
Twin turboprop 40
Jet trainer 50
Jet fighter 70
Jet transport/bomber 120

ST R P/W)E T8 A& ol&dtel Fagen, oglx: 387 TR s
Fgu e ey
P T
(_) _ rimy (54)
W) (550%n,)
¥ 60 Horsepower—to—weight ratio [21]
. . Typical power
Aircraft type Typical(hp/Ib) l0ading(Ib/hp)

Powered sailplane 0.04 25

Homebuilt 0.08 12

General aviation — single engine 0.07 14

General aviation — twin engine 0.17 6

Agricultural 0.09 11

Twin turboprop 0.20 5

Flying boat 0.10 10
A 92 A4V Ay = F<F Ay Wie g7 9 ALhgo] duty &4 0A
of wel gekAn gt WEE HAE dxle] Agel JFL vAE SEH WYy
Lol nxd wel o] dEk W3] wiitel] nx Xk argfdfordt AME]l. A a9
e hg el dFE nHa] g8 Y S5rdo] HEF ool F (5L ©
=38 Ax o] AE HEo] AFAoR oEdva pA

P— PSL p): PSLU (55)
PsL
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- 65T =24 (56)42 Gagg & Ferrar R 9S o] &3te] 1% upa} Ht} A 33| A

[e) = I~ e}
sukE s 7 5 Qe

(6—0.117)
0.883

= Pg,(1.1320—0.132) = Py,

d

2-1-Q diet Ad R 7+ 4

o Ma

- AA agx3d 7l xske], dgtd FA4H

3} el
Matrix of Alternatives)© 43t 7/Id & A =S AAHF
7}

- olg Jhe] & il Ws) EFAR FI ol ol Al dlE 5ol &N medvl mid
o] ot /Ml FdEel el =4 me|dA, A5 A, e Ad G, nFY A, =
238 2 YE A 5 F3 A &E, A AL A, oluA] AFGA S AFAS L

O et 7ld (Matrix of Alternative)

- PAVE 8420 wlg} &A% = (single mode)9t ©]% E=(dual mode)® T3k 5= <)
o olzts W o] wzl CTOL(Conventional Take-Off and Landing )/STOL(Short
Take-Off and Landing) ¥} SSTOL(Super Short Take-Off and
Landing)/ESTOL(Extremely Short Take-Off and Landing)/VTOL(Vertical Take-Off
and Landing)® &% (o}a] )
# 61 & WA wWE PAVY &5

Mode 21y 7H ek el (

ctelm e
(Single Mode)

== KAt AM KSR REZ 23510 2F0|A= H|
(Dural Mode) 3 D=z 23
7l ek

o
=

rz
gl_
H
N
o
N
ro
o
T
1o
o
0%
H
In
Hu
(m]
Ho
g|=

e ETTPIE EETC))
™ol g37|2 FAIeE HEl2 2F2E 0|8
CTOL/STOL 20| O|ZE
sxol/MEZHE 0850 s $H0
SSTOL/ESTOL/VTOL ﬂé S & stol k= Aol "’@
- X 61 = &2 WE PAVE ol & 62 & olFFHA mE EFE o F
RIS
T2 533 (Roadable) PAVE delol A AF7dte 1<) 7id 02 Terrafugia Transition
7 Aeromobil 4.0, LE Zo]2 7Nde] PAL-VZF 7FE Al stel 243

- 214 -



- Terrafugia Transition
* Transitione W]
o] Qlss &
o T AL <

- Aeromobil 4.0
Aeromobil 3.0 Y& HA= He o= EZ2F8 A

guldoell dEskalar 3.001 olojM 4.0 7

}-&71(LSA: Light Sport Aircraft)
Fdststd oy Ao s A

2 189. Terrafugia Transition

<2 https://www.terrafugia.com/the-transition/

A

1% 190. Aeromobil 4.0
=2 : https://www.aeromobil.com/

=

- PAL-V
Y@ =29 PAL-VAFol A= PALV(Personal Air Land Vehicle)gt+= 3& A}o]=
FEHE 712 HEPC (Human Error Proactive Counteraction) WH 25 %9319
2ae 20129

DR 0RE &d ZTRZEES X

Aol ZFH o e 4
HAEHd oM, 3 #32 2018dS o4
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a9 191. PAL-V ¥(FYEE= / HPEE)

=2] @ https://www.pal-v.com/

- Samson Motorworks
o Yoltly= 22X =71E 20183 49 Ao A, 2= # &9 o] =(Switchblade) 2} =

1% 192. Samson MotorsAl 233 E 12 193. Samson MotorsAl 238l &
PAV H| 2 E PAV E2Fd =

=

=3 : https://www.samsonsky.com/

- AA7A MEE E2F3Y PAV T GE37F s PAVE $1€F 2ol Terrafugiarl€]
Transition, AeromobilA}2] Aeromobil 4.0, PAL_VA}e] PAL_V, Samson Motors®]
SwitchbladeZ7}A] 4 &7 A=<

- 4 T7F =253 PAVAA Transition®} Aeromobil 4.09] 9= w77} 4710, PAL-V
¢} Switchblades= B} 7} 37§01 7] ol kAol ko7 A& 4 UAIRF PAL-VE 1%
of = 2709 vi] AZAFE AA Adste] kS =9

- T3k Samson motorworks®] Switchblade:= ¥71& A Wil Bt g =232 3}
M 95 o] &4 3 (FOD; Foreign Object Debris) & <13t Gl o] =4ko] 714 A& A
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2333 PAV A4 A FAR PART 23 ¢157]

* 63 PAV Baseline Configuration

PAV Baseline Configuration

PAV & Composite
=] I FX 63-137
S L EHA Single Slotted Flap
=20 HE Folding—Rotating
FE AIAH Gasoline

T A IC-Avgas
Z2EY AAH Propeller
Z2E2 ol A 3

S Zol / HH| / £0] 18 ft / 6 ft / 5 ft
F o =Mz 7.6

2533 PAV A7 A] FAR PART 23 135719 W4, U =20eHY]} =25
J &) A}

12 194, PAV 84 H[B2E)
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8 195. PAV @A (FHZE / Aeromobil 3.07 A o] %)

19 196. PAV g4t (FY 2= [ Terrafugia Transition®} A8 o] +%)
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I 65 X B/ wE Ato|d Zx}
Gasoline Diesel
OIF&E3Y (Ib) 2124 2272
= 2l |y (ft7) 101 108
= 27 2ol (ft) 28 29
FHI S| 0.26 0.26
ol 55 (Ib/ft?) 21 21
SHU S| (hp/lb) 0.07 0.07
Azl ®= ok (bhp) 157 169
o7 &8 (mpg) 13.16 13.98
0.50 0.10
e Grou nd Roll ‘—Grou nd Roll
0.45 — b Rate 0.09 \ / i pate
- 0.40 —hMax.Cruisle.Speed E 0.08 =\ ax Cruise Speed
= 0.35 AN _SEWECE‘}"? .‘a' 0.07 \ — Service Ceiling
a2 \\ w——=5tall Constraint £ = il R G
= 0.30 - £ 006 — nstrain
B 25 ~ -2 0.05 —
o ‘\ — Q = ] —
= 020 % 0.04 e ——=
£ 015 — T 003 e
g = g - ==
2 010 £ 002 =
4= o
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0.00 0.00
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0.50 T 0.10 X
e Ground Roll \‘ y, e Ground Roll
— 0.45 = Climb Rate 0.09 X / = Climb Rate
g“ 0.40 == M ax Cruise Speed E 0.08 L = M ax Cruise Speed
O 35 A ——— Service Ceiling 007 \\ || service Cailing
= \ < Stall Constraint = e Stall Constraint
£ 030 + 0.06 —
5 O - : £ O
= N 5 1
2 0.25 . @ 0.05 - —
0 0.20 \ = 2 g4 ~— _—
: Q" T
% o015 Ny T 0.03 /T
5 - — a —"
= o = ;
£ 0.10 g 0.02 o
= o
0.05 0.01
0.00 0.00
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 35 40
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300
———Ground Roll
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e
] /
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s} 5 10 5 20 25 A0
Wing Loading (Ib/ft?)
O = =
3 200. 7|2 LAFakof st o™ AZl AtolH
- % 9

X 66 H|@HE|, ASE, 0|FHz2| Case

casel |case2 |case3 | cased |caseb |case 6 | case 7 | case 8
g8 A2l (hm) 400 200 400 400 400 200 200 200
2S5 E (fom) 1,300 | 1,300 | 300 | 1,300 | 300 |1,300| 300 300
OlF Azl (ft) 1,600 | 1,600 | 1,600 | 400 400 400 | 1,600 | 400
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E 67 H|87 e,

Al

&5, 0|§7HE| Caseol| WZE Alo|H

cacel|cae?2|caed |caed|caeb|caeb|cae7 |caxed
O|E&ZE (Ib) 2,304 | 2,145 | 2,070 | 3,053 | 3,085 | 2,810 | 1,930 | 2,783
F < ®HH (1) | 110 102 99 142 144 132 92 130
= 27 Zol (ft) 29 28 27 33 33 32 26 31
FHO = &t| 0.31 0.32 | 0.19 | 0.54 | 0.53 | 0.54 | 0.19 | 0.54
ol 55 (Ib/ft?) | 21 21 21 21 21 21 21 21
SZHoEEH| (hp/b) | 0.09 | 0.09 | 0.05 | 0.18 | 0.18 | 0.18 | 0.05 | 0.18
AZ Mol (bhp) | 206 194 107 526 536 484 100 475
o2 &8 (mpg) | 13.77 | 11.07 | 14.62 | 11.19|11.11 | 8.97 | 11.84 | 9.03
0-20 \ —— Ground Roll 010 '\Q i |[—@round Roll
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% 0.25 1 ! ® 0.05 < Vd
= \ | /,— % \75/: |
° 0.20 N e > 004 v E—
+ 0.15 — 1 E 0.03 7,,/ i
_;::-' 0.10 1 == == % 0.02 /-‘
" o0s a 001
0.00 L 0.00
o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
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5 P — e
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1Y 201, Bl#IE|, ASE, 0|FH2| Mol BE case 1 Abo] A
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a9 202, " AHE|, ASE, o|FAHe| WSl uE case 2 Aol
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0.55 }/ = Ground Roll = Ground Roll
0'50 4 ———Climb Rate 0.18 || =——climb Rate
ol ' / wMax Cruise Speed o 0.16 =M ax Cruise Speed
= 0.45 P i s : i
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i || ——cimb Rate 0.18 | |=——climb Rate
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¥ 206. @A, &4S5E, o|FHE| Wl WE case 6 AbolA
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0.45 ——Climb Rate 0.09 \ ——Climb Rate
E 0.40 = Max Cruise Speed E 0.08 M ax Cruise Speed
Bhas ——service Celling B BT \ ——senvice Celling
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gg: r// = Ground Roll 0.20 l e Ground Roll
- L ——Climb Rate 0.18 ——Climb Rate
=y 050 / I = Max Cruise Speed — 0.16 - M ax Cruise Speed
35 £ras T ——service Ceiling ,_% Giw | ——service Ceiling
= 040 e Stall Constraint a2 / | e Stall Constraint
E 0.35 :— 052 7
= 0,30 / S 0.10 /
5] 7 g N /
= 025 / 2 008 -
g 0.20 - D .06 ></ |
3 D5 ! % I~ ]
£ 0.10 = — g 004 ———
= 0.05 | & 0.02 &»—-—“—-—’
0.00 0.00
o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 35 40
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i:g b =—Ground Roll
I ——climb Rate
400 / - M ax Cruise Speed
b 350 / e Service Ceiling
% ~5tall Constraint
2 300
& 250 \
£ 200 \\ //
£ 150 A i
o F il I ——
o 100 e — —
50
o
o 5 10 15 20 25 5 A0
Wing Loading (Ib/ft?)
T 208, Bl#AHE|, ASE, O|FHE Wl W2 case 8 Abo]4
H5E} AFBFAYN Aol FelA] 2 GG AL AANFIES ¢+ Ak o 0
2 45 He BFEAYE Ba olF2 fME 2 o] Basti A, 1o me
A F& xlo] dastal A PAVE FRERE oty IINH A7 F7hskA dt
wak vg A oefiA Axa o] FFE W AS ¢ T AT
AAWMT 5 el A AHES A8, o|FEFA8, ASES A A% S5 8 4
S, T EE offiel o] WAES stAA 1o wep Alo] e oW S H A
A 4

case 1 | case 2 | case 3 | case 4 | case 5 | case 6

AL &5 (k) 60 45 60 60 45 45
Hdl s 31X (ft) | 12,000 | 12,000 | 12,000 | 8,000 | 12,000 | 8,000

Hr
oft
=
i
—
o
o
o
(@)

10,000 | 6,000 | 6,000 | 6,000 | 6,000
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E 69 AL ) ) A5 DT, &80T Caseol wE AlO|A

case 1 | case 2 | case 3 | case 4 | case 5 | case 6
O|FE&E=E (Ib) 2,223 | 2,235 | 2,211 | 2,214 | 2,254 2254
= o My (ft?) 79 149 79 79 150 150
T 270 2ol (ft) 25 34 24 24 34 34
FHO| = 2| 0.32 0.24 0.32 0.32 0.23 0.23
ol StE (Ib/ft?) 28 15 28 28 15 15
SH =S| (hp/lb) 0.10 0.07 0.10 0.10 0.07 0.07
AME X Sok (bhp) 225 146 223 224 147 147
A2 28 (mpg) 11.31 | 13.55 | 11.76 | 11.75 | 13.28 | 13.28
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0.20 \ o | — E / ?"--k_..h_ o | |
.8 ’ /_/ = Ground Roll 2 0.04 / l,__.----: e Grou nd Roll -
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a9 209 AL £E A 45 I, 80T ®igte] wE case 1 Aol
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g 035 - Eo.08
¥ 030 . b N AT
E o ~ ¥ 007
] [ \la-
2 B— = 0.06
T 0.25 - 5 O —
= L7 T | =005
o 0.20 5 A
£ > —Ground Roll £ 004 —— Ground Roll
+ 015 =
£ — limb Rate 4 0.03 =] —Climb Rate
e [ — .
£ 010 e Max Cruise Speed| 0.02 = —— Max Cruise Speed
= 0.05 Service Ceiling 0.01 = Service Ceiling
G0 —-Sll:aﬁ Cuns?:raint 0.00 —Shlxil (‘.onshlainl
10 15 20 25 30 A0 5 10 ] 15 . 25 30 35 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft2)
300 \
250 v
= \ /
g 200 \
[+
por) [
@ 150 N "]
wv
ﬁ 100 A — nd Roll
ﬁ ,..-/-—-,_..---'""" ——climb Rate
m 5 ’j =M ax Cruise Speed
- Service Ceiling
Stall Constraint
0 T T
5 10 15 20 25 35 40
Wing Loading (Ib/ft?)
AL A x AL A= =
= 2= F0f A& TIE, =80 F A3l & case 4 Alol A
0.50 0.10
= Ground Roll =——Ground Roll
0.45 ——Cclimb Rate 0.05 \ ——Climb Rate
o 0.40 = Max Cruise Speed E 0.08 ~————Max Cruise Speed
= 035 ——Senvice Cabing =007 \ | ——senice Ceiling
E ———Stall Constraint o= \ ———Stall Constraint
 0.30 + 0.06
.20 L )
w 0.25 p—} ‘D 0.05
'_.l-"'_
0.20 = 004 e
o 0. 5 0
: / -ll-_' J/
015 g 0.03 V-l
E o010 = g 002 L
- o
0.05 0.01
0.00 0.00
10 15 20 25 30 35 40 5 10 | 15 20 25 35 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft?)
300
e Ground Roll
250 ——Climb Rate
M ax Cruise Speed
a Service Ceiling
£ 200 \ / ———stall Constraint
<)
—
o I
@150 e
e
g ST )]
T M e
E /'\5 ==
[ "
oM 5p ’74 e
o
5 0 15 20 25 a5 40
Wing Loading (Ib/ft2)
A AN x AL A= =
% &%, 2 4S5 1E, =g E Wil case 5 Akl

- 230 -




0.50 0.10
= Ground Roll / m—Grou nd Roll
0.45 = Climb Rate 0.09 / =——Climb Rate
o 0.40 = Max Cruise Speed E 0.08 \' =l ax Cruise Speed
E 0.35 ===Service Ceiling E 0.07 \ //__...--" =——Service Ceiling
= Nl = —stall Constraint = N y ——5tall Constraint
¥ 030 ¥ 0.06 i
oo N / [T /c\ ;/
'S 0.25 — 5 0.05
3 _———
o 0.20 5 0.04 e
3 0.15 \\ 4/ t 0.03 1/ -L”-'--.-
n Y- i a -
E o010 — - — | % 0.02 /
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O 214, AL H5 ) #O A5 IE, 0T WSl uE case 6 Aol
Aol A Aol A5 e ¢HAEE = GFE wolX AT A% Lrol W
ool = AT Fr AL I F AL
Atold HAGo A A& X5 HAATIHH Hetso] Zopxa 1o whep JEr) |
AXA AA PAVE] F&o] 57t
AART F AdEE 4 AeE, o378 E ofdlFet 2ol WAS stiA 1o wet A}
o] go] o JFL vALAE w4

# 70 =t £=, 45E, HlAAHE Case
case 1 | case 2 | case 3 | case 4 | case 5 | case 6 | case 7 | case 8
HRPEE (kt) 125 90 125 125 125 90 90 90
FsE (fpm) 1,300 | 1,300 | 300 | 1,300 | 300 | 1,300 | 300 300
Hl&g 72 (nm) 400 400 400 200 200 200 400 200
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E 71 A £x, AS5E, d|dAH2| #H3t Caseol mE Ao
case 1 | case 2 | case 3 | case 4 | case 5 | case 6 | case 7 | case 8
O|E&=E (Ib) 2,321 | 2,299 | 2,209 | 2,161 | 2,050 | 2,142 | 2,201 | 2,045
ZF 27 My (17) 110 109 105 103 98 102 105 97
= 270 2ol (ft) 29 29 28 28 27 28 28 27
FHO| =] 0.31 0.31 0.26 0.32 0.26 0.32 0.26 0.26
ol 1= (Ib/ft?) 21 21 21 21 21 21 21 21
SHU S| (ho/b) | 0.09 0.09 0.07 0.09 0.07 0.09 0.07 0.07
AN MSok (bhp) | 212 205 164 199 151 192 164 151
A2 &8 (mpg) 13.58 | 13.82 | 13.99 | 10.93 | 11.32 | 11.11 | 14.21 | 11.47
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Min + (Max — Min)* Random number

i* 72 DOE Table
olfHzl | eEAE | M5B |d&sE [wEre | | eEas
(f) (kt) (fom) (kt (nm) c (ft)
MIN 300 65 500 45 150 1 6,000
MAX 1,200 160 2,000 60 500 4 12,000
1 612 148 1,973 58 411 4 10,904
2 872 142 1,697 59 276 3 8,453
3 947 86 1,823 59 393 2 10,365
4 981 124 1,679 57 253 3 8,040
5 321 61 1,762 54 251 3 6,929
6 913 110 1,420 49 212 1 6,587
7 1,100 111 1,144 50 334 2 6,113
8 671 86 537 53 425 3 9,172
9 777 73 1,345 47 256 3 8,512
10 1,052 160 1,941 46 272 2 10,855
11 881 110 698 56 449 2 10,779
12 465 72 1,110 56 308 2 9,352
350 917 114 945 50 417 3 6,060
2ol st ¥ 729] DOE #& =dste] 7h&d A g4 dxdlel @
st om, ofgf mel o] 35071419 AHg-9 Aol AnE A& F U

(87)
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#* 73 7t&8 A AE Al DOE Table AtO|E Z 2}

oimEE | WiEs | i | 240z | oviels | satsy | Ad | #ess
case | 2p) (1) | ol | el | (b/i) | sl(hp/b) | S2(hp) | (mpg)
1| 4388 | 166 36 0.44 26 0.17 720 | 7.43
2 | 3433 | 127 31 0.34 27 0.12 se | 7.7
3 | 2690 | 100 28 0.37 27 0.11 306 | 10.63
4 | 3088 | 124 31 0.34 25 0.11 344 | 863
5 | 5575 | 207 42 0.70 23 0.25 1307 | 3.80
6 | 2505 | 132 32 0.33 19 0.10 244 | 972
7 | 2658 | 140 33 0.28 19 0.08 205 | 11.00
8 | 3193 | 151 34 0.35 21 0.11 346 | 10.79
o | 3020 | 177 37 0.31 17 0.08 256 | 9.23
10 | 4386 | 269 45 0.38 16 0.13 578 | 4.81
1| 2735 | 114 29 0.31 24 0.10 274 | 12.32
12 | 3450 | 141 33 0.53 24 0.18 596 | 7.32
13 3,101 155 34 0.36 20 0.11 339 | 11.35
14 | 3954 | 206 40 0.32 19 0.11 433 | 6.28
350 | 3,262 | 171 36 0.25 19 0.08 252 | 10.06
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I 74 C|& AT ALE Al DOE Table Atold Zxt

OISEE | PoHH™ | W | FHUZ  dusE  SUWIY | Ad | HdRES

Case Z(Ib) (ft%) Zol(ft) 2| (Ib/ft?) Hl(hp/Ib) | S&(hp) | (mpg)

1 4,884 183 37 0.44 26 0.17 800 7.72

2 3,719 137 32 0.34 27 0.12 453 711

3 2,885 107 28 0.36 27 0.11 323 11.41

4 3,339 133 32 0.33 25 0.11 372 9.02

5 6,786 267 45 0.70 23 0.26 1,559 3.55

6 2,731 143 33 0.32 19 0.10 266 10.01

7 2,845 150 34 0.27 19 0.09 242 11.73

8 3,443 162 35 0.35 21 0.11 374 11.45

9 3,226 189 38 0.30 17 0.08 270 9.66

10 4,864 295 47 0.38 16 0.13 643 4.94

11 2,932 122 30 0.31 24 0.10 294 13.25

12 3,929 158 35 0.53 24 0.18 677 7.36

13 3,353 167 36 0.36 20 0.11 366 12.03

14 4,217 218 41 0.32 19 0.11 462 6.76

350 3,425 180 37 0.25 19 0.08 266 10.90
- ¥ 737 ® 74k 2ol 3507kx9] Abolq AnE AQAAT E ATsL HAFeAE dS
- o] T PAVel Agtet AFFdT 2o wE Atold AXwks AAsta 7HE -4
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9 47} sk e
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Category©ll Al FH o] F 5 &Fo] 2700Ib(land) = A7 o] 7] wiitol] F&o] 57|+
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¥ 030 ! o —_—] = \ f
L) | — | & N\ /1
T 0.25 & oos 71
B 020 % 0.04 X | ]
% 0.15 = i — e e
Eo.m — = ——— 3 0.02 / = -
0.05 L
0.00 % 0.00 I
0 5 10 15 20 25 30 20| = 0 5 10 15 20 25 30 35 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft%)
300 e Ground Roll
250 | ——Climb Rate
] o] =N ax Cruise Speed
] | l'-'_.;/ —Senrfcef.dt'm';
% 200 ¢ 1 ~Stall Constraint
5 I‘"\ J/
9150 ‘\ A
5 .
4 1
S 5 B
—
0
5 0 15 20 25 a5 40
Wing Loading (Ib/ft?)
O8 232, 7t&E AE AL Al DOEE 0| &%t case 290 Ao
ColdlEE U Ae Aga N RATRAL AelH wARN AANE T Aol gel A
Gt Alol2E Aestdar, ¢4 Gl Aolrt 3lfto]ste] PAVE AAstdar dA PAV
v zEdy gd dxloz HAs7] witd FEdEe@drE 0.0770.10, JHET S
177200.2 743k 1o up& Aol AE F 789 e
- 1% 233& ApolA Ao wrE T/W vs. W/S, P/W vs. W/SE Ye 18 Z 9]
E 77 C|E Tl XMpter MAMHS He
OBz | =eaE | A&E | dsE | sj@rie eI
case SN
(ft) (kt) (fom) (kt (hm) (t)
63 988 76 1,175 50 237 1 8,364
89 859 69 697 51 193 2 10,593
119 730 80 1,323 51 319 1 8,399
143 845 90 706 48 233 1 7,762
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¥ 78 C|& dizlof M3tet MAHS0 wE Ato|H Zf
Case | O1FEE | TR =H FUz | 9dsE | SHUEY | AX Hzasg
Z(Ib) (ft%) 20| (ft) 2| (Ib/ft?) Hl(hp/lb) | S(hp) (mpg)
63 2,427 128 31 0.29 19 0.08 193 11.45
89 2,585 129 31 0.28 20 0.08 202 8.48
119 2,513 125 31 0.31 20 0.09 230 12.83
143 2,316 128 31 0.26 18 0.07 169 12.73
T/W vs. W/S P/W vs. W/S
160 0490 3
.89 0:35
o "oio 0% a.‘:‘
b'ih .: ’0. .35 ‘. ‘.
0.50 ."0. !. " E-rn R ..0.
gss: '.3: s !' 5 0 ' '!.i: (] i
AL (] 'l I ? 01
. lifini !|||II|I"||I'
0.10 o
= 5 10 15 Pl 5 30 = 5 10 15 - 5 O
W/S Wwy/s
19 233, gA AR AR A] T/W vs. W/S, P/W vs. W/S
0.50 ——Ground Roll 0.10 [ ——Ground Roll
0.45 ———Climb Rate 0.09 I ——Climb Rate
S0.40 \ e Miax Cruise Speed é" 0.08 _"q7é ~—Max Cruise Speed
50_35 \‘\ —semiceca‘n.:g ;& i "] —Senrice!:a‘]il:g
EO.SO = stall Constraint T_‘-:" - / ~—stall Constraint
'90.25 %ﬂ 0.05
Mo 20 Z o / —T—
00 6 & ~
015 e L 003 At
Eo10 2 oo =
= e
0.05 0.01
0.00 0.00 T
o 5 10 15 20 25 30 40 o 5 10 15 20 25. 35 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft?)
300 —— Ground Roll
- Climb Rate
250 = Max Cruise Speed
5 | —— service ceifing
200 i nstraint
E /’__‘57 stall Constraint
o — Va
w 150
5 _/
E 100 /I —
- s
N
50 g
o
] 5 10 15 .20 5 30 35 40
Wing Luadmg(lb/zftz)
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0.50 0.10
——Ground Roll / —— Ground Rall
0.45 e Climb Rate 0.09 = climb Rate
o 0.40 e Max Cruise Speed E 0.08 / = Max Cruise Speed
Soas ——Service Cefling E 007 —— Senvice Ceiling
=" /1 — stall Constraint £ 7 / | | = stall Constraint
¥ 0.30 = = 0.06 e
& o £ =
‘® 0.25 ‘o 0.05 — —i
&90 54__ E 008 ( / —'_-—-/
+ 015 -~ L 0.03
z — z /
Eoa0 £ o2 7
= o
0.05 0.01
0.00 0.00
5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
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300
/ e Ground Roll
/| ——ciimh Rste
250 W .
== Manx Cruise Speed
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% 200 ——5tall Constraint
& 150 A
[ |
T ( 7 | e
2 100 7 —_—
o
@ 50 2
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1] 5 10 15 20 25 30 35 A0
Wing Loading (Ib/ft2)
= -
a9 235. A <l AFE A] DOEE ©]&3F case 89 Alo]A
0.50 0.10
\ = Ground Rall = Ground Roll
0:45 \ ——climb Rate a.09 ——Climb Rate
o 0.40 e M ax Cruise Speed ‘E 0.08 e Max Cruise Speed
= o0as \ﬂ_ | ——senvice cailing = 007 L~ / ——Service Celling
= \!_/ ——stall Constraint £ / ——Stall Constraint
¥ 030 £ 0.06 i
= —— = \ /
@ 0.25 & 0.05 —
2 o020 . 2 004 —
2 / o —T
& 015 L 003
] " g
E oo g 0.02
= 0.05 2 po1
0.00 0.00
5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Wing Loading (Ib/ft"2) Wing Loading (Ib/ft?)
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- DOE tables ®F=7] 9gh 2 AAMSFES] HAd-FH4 S A4 ol FAR PART 23
F71+S 1o, A AEgE T A% 6lktE =73 5 gla 42
SAF 28 AR The

- o] A3 EAES 2583 PAV £85 9
=9 TEF 70% o]/do] Aoz FHojglon AF=
A2 ake] oli= 6,282ft (1,916m)Y. wEkA PAV ¢

=olE L aforgt

i
PN o

- 7)Ee #FRE WYY R Lo AREI 9o o go] ATHN, Ane BFe:
WE7] o H . dAl B Fa FASEE ALAUA B 37miholn] L& ER
o] = 62m1/h , AN 1E3lE 2 E 50mi/hE A ghE o] glL-

- oA A}E39 Y DOESE 8] MATLABY lhsdesign T2 03 140l &= F&
Aoz EE3slo] 350709 cased A, T3 6719 WFEo] Aol vl x| &= WstE A}
A3 ol 7] {3l ZF W HeE e HA-FHUaH AGNS ol&ske] 350719 49
ool gk AA vjMe] AL 4= 9= AolAE ol Ee} o] A

¥ 79 DOE Hlol&
= ZetaT ASE A& =5 | gl A2l | =8 1%
Case | OI5712(f) kt) (fom) (ki) (nm) ()
MIN 1,100 70 300 43 150 6,000
MAX 1,500 130 650 53 300 12,000
1 1,239 123 044 51.5 262 10,904
2 1,354 119 579 52.3 204 8,453
3 1,388 86 609 52.5 254 10,365
4 1,403 109 575 50.8 194 8,040
350 1,374 102 404 46.0 264 6,060

- 243 DOE table®] A7 W45 Abgato] 7h&el oz, b a7, solng= 7143
A, solre= T4 a0 747t AbgStE RRFAY PAVE #ete] Alo]dS 54
tol obel 47} He} o] 35074A 9] Aol ATE AL

T 80 7}&¥ <lxo] 3k DOE Ho|& Alo]4 Ax}

c OIEEZ | <7iid [ ool | ZaOis [ oo ZaHgE | dxzy | dEag

ase | 2 (p) (%) (ft) 24| 5= 2fH| (BHP) (mpg)

1 2,327 116 30 0.21 20 0.07 159 10.88

2 2,219 106 28 0.21 21 0.07 145 10.10

3 2,116 101 28 0.21 21 0.06 128 11.91

4 2,173 109 29 0.20 20 0.06 136 10.48

350 2,318 148 33 0.17 16 0.05 117 11.48
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¥ 81 tlAl <l i3k DOE Hlo]E Atold A}
Case | OIFEE [ 0gH [ bidol [ FHE [ oy [ S5 [ddSa [dRES
ase | 2t (Ib) (ft°) (ft) 24| 5t 2HH| (BHP) (mpg)
1 2.464 123 31 0.21 20 0.07 166 11.67
2 2,369 113 29 0.21 21 0.06 153 10.67
3 2.279 109 29 0.21 21 0.06 136 12.48
4 2,336 117 30 0.20 20 0.06 144 10.93
350 | 2,499 156 34 0.17 16 0.05 124 12.08
¥ 82 71&9 slojE = <ol dd DOE Hlol& Alo]x A}
Case | OB S [ AT NZol [ FHUZ [ A [ =dUE [ddsd [d=Es
ase | 2 (Ib) (i) (f1) 2hH| 5= Bl (BHP) (mpg)
1 3,196 161 35 0.21 20 0.06 244 8.63
2 2.910 139 33 0.21 21 0.06 214 8.28
3 2,693 128 31 0.20 21 0.06 186 9.68
4 2.789 139 32 0.20 20 0.06 197 8.66
350 | 2,873 179 37 0.17 16 0.05 164 9.73
% 83 A slolug= Az th3 DOE HlolE Aol Ax}
Case | OIFEE [ Mg [ blidol [ iz [ o [ =25 [dr& [odREs
ase | 2t (Ib) (ft?) (t) 2| 5= 2| (BHP) (mpg)
1 3,334 167 36 0.21 20 0.06 253 9.26
2 3,114 148 34 0.21 21 0.06 230 8.64
3 2,908 138 32 0.20 21 0.06 199 10.07
4 3,004 150 34 0.19 20 0.06 210 8.94
350 | 3,121 195 38 0.17 16 0.05 176 10.10
- DOEE ©o]&3lo] A2 Aol A} FolA X FHd M2 HU/HA o|SFcH, &
MAA, G dole] gk oty me T
84 AHE dZM HT/FH & PAV Abeld At
. . Hybrid .
Gasoline Diesel Gasoline Hybrid Diesel
Min Max Min Max Min Max Min Max
O|EZZ=2 (Ib) | 1,999 | 2,811 | 2,192 | 2,917 | 2,447 | 4,189 | 2,716 | 4,254
=) o™ (ft2) 95 188 103 196 118 276 130 281
bl Zo| (ft) 27 38 28 39 30 46 31 46
AMZEl =2 (BHP) 91 197 99 200 127 301 142 305
o2 58 (mpg) | 7.41 | 1329 | 7.76 | 13.79 | 571 [ 11.40 | 5.92 | 11.60
- 350 71A 9] Atold Ays FolA =RF8Y PAVel| A3k Aol Aynks AATA
=
- dE o] s HE EE2FYY PAVE E2FF LU Fxp7) 7bsdoF 8] o &
7N Zol7t 40ft o]skel AHE MM ow M, FAR PART 23 9157|+S 19
slo] o] §FF 26,0001bol st = A gk} S
- B3 ApelAske Aol VIS #FeTle SAIAY #AE A#ste] GA (General




Aviation)¥ #3719 =7 o @A <Xl HHAEHrE= 0.0670.08, W
167182 7143t S
A

A @ Bl A A& ws) g NPEAL 2 Ago]H, 453749 knots ol Uje] A
Eol W4 2 PAVE) Alold AnE AW Aoldow dgstds. 44w A
L 17 obd el AEEETE sE g TR e st dEFE vA A
Aolq e Holth Aga Aol e AANA Eeh 1 olo] T A Wl
Ak HE oA Ato]Ho] s, 1o mE Alo] AR ELE ot 1HE
L
Gasoline P/W vs. W/S Diesel P/W vs. W/S
0.08 0.08
- -
= 0.07 | s Eu.m I ; =
= 0.06& I I - 0.06 [ ] I
0.05 0.05
15 186 17 18 19 1% 16 17 18 19
W/s w/s
Hybrid Gasoline P/W vs. W/S Hybrid Diesel P/W vs. W/S
0.07 0.07
%_U.UE . . .E__n.m; I
0.05 0.05
15 16 17 18 19 15 15 17 18 18
w/s w/fs
3 238. PAV Atold A3 P/W vs. W/S
Maximum Take Off Weight
FEO0
3600 i
3400
. 1
3200 i = e
3000 . L -
-E“ 2300
Vaa\y, At
L.__-
2404
2200
2000

14
20
ig
45
&0
53
56
59
&7
71
i a
74
e
a9
iz}
m
0
44
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b6
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75
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ai
0
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36
38
i
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B
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19
82
o6
i0s
345

B R R = I B T o B B S B o T VR o B o ()

Casé number

=a=0Gasoling =—==Djcsel a=Hybrid Gasaline Hybrid Diesel

1% 239, PAV Ale]d Ax}: o|FHTH X
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Fuel efficiency
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138 242. PAV @4 (F8 R = / Aeromobil 3.03 A Hol-x)
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9 243. PAV E4 (F3EE / Terrafugia Transition@} FAFSF o]+ %)

9 244, PAV gAY R = / Switchblade$} A ol 4-%)
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- of#l9} o] Raymer, Nicolai®] dutata7] 7 TF dS2& 53 A o Z=29

o &7 @l TS dSste]l AA 2 T B aeH35]

o AR ET] I T 54

AR 06 1 -03
Raymer : W, =0.0365%"° a5 TW q0‘006>\0‘04(M (n, W,,)0.49 (58)
cos Agyy cosd gy,
n. W, 0.65 AR, 0.57( Sy )0.61( 14 )0,36 Vv, 0.993
Nicolai : W= 96.975 1+— (59)
w 105 C052A0/4 100 2 (t/C) 500

(

F (b)) (D Wy =0 oJd WP =18 A8
AR = 72 A 24|

Agyy = 25% A1) 587}

O~ =
¢ = =% A 5%

n, = =3 3} A9 (ultimate load factor)
W, = A7 S57 (by)
Vy, = dlgdoA HAdEx (KEAS)

T 9 YA dojHuks 3 ¥ 1

2 4 | SAg wEbA] B Ao

AHE B8 T8 10709 7 i zedy g
.

ot ] A4 =

HE 748 89 &7 55 2 dolH % Roskam A A <]
2 o]

TJ

N 08{.,

ol\ OH _>.:, il
o, N rr R

cessnal50 |cessnal72 |Cessna 180 |Cessna 182 [L-19A Cessna 210A |Beech J-35 |Saab Safir |Rockwell 112TCA|Cessna 210)

Aspect Ratio of wing 6.889| 7.446914| 7.04005714| 7.40571429| 7.08859( 7.652784091| 5.7888202| 8.342534 8.337894737| 8.24778409

ultimate load factor 5.7 5.7 5.7 5.7 5.7 5.7 5.7 57 5.7 5.7

Altitude 10000 13500 17700 18100 18500 20700 19800 15100 20000 18300

Wing taper ratio| 0.7042254| 0.666667| 0.64444444| 0.76576577| 0.66667 0.72| 0.4936709 0.408 0.367346939 072

Cruise speed 138.416| 205936 239.696 24476 146.856 278.52 293,712 14348 275.144 281.896

trapezoidal wing area in ft42 160 175 175 175 174 176 178 146 152 176

Wing thickness to chord ratio 0.12 0.12 0.12 0.12 0.12 0.12 0.165 0.12 0.15 0.15

design gross weight in [b 1600 2450 2800 3100 2430 2900 2900 2660 2954 3400
Weight of fuel in wing in Ib

(IF W_FW = 0 then let W_FW = 1 1 1 1 1 1 1 1 1 1

1)
Wing sweep at 25% MGC 0.3197276( 0.885947| 0.20684307| 0.23103012| 0.14324| 1.285266607| 0.3200848| 2.099345 5.180236245| 1.26900276

9 246, @ zmaly g-gv] 9] dlo]E
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=Xl
A

T b2 o = = :
AAE A ek ey g dolHE utE R MicrosoftAl ]
5 1 10] F = = =9 =33
o] &3l Raymer, Nicolai®] @7/l T&F 4524 HETs A9
X o/ fi | =003678CSTA0TSETSCHI0R000354(SCACOSISC121A2)A0675CS 144 D006SCH5 004" 100°SCSE/COSISCS12) A -0.37(SC83"SC9) 2040
A 8 c D E F 6 M
Aspect Ratio of wing] S.SBB%
ultimate load factor, 57|
Altitude 10000 ft

A Wing taper ratio] 0.704225352

Cruise speed 138416 m/s

R Wi trapezoidal wing area in ft"2 160[ft"2
AYMEE VY Wing thickness to chord ratio| 0.12

Estimation Formula design gross weight in |b 1600|lbs

Weight of fuel in wing in Ib aliks

(IF W_FW = 0 then let W_FW = 1)
0.319727594 degree
A Wi t 25% MGC
cye, IDGSWEER A 0.005580299|rad
Air Density|  0.0017554%]slug/ft*3
S8 q| 0.351223649|Ibs/it"2

17[=0.036*$C$710.7568*$C$1070.0035*($C$2/COS($C$12)72)"0.6*$C$1410.006*5CH5A

Excel

" 0.04*(100*$C$8/COS(SC$12))7-0.34($CH3*$C$9)A0.49
a9 247, Raymer €7 =% o524 A=
X ¥ ‘,"‘ =06,948*(($C320"$CS21/1045) 065 ($C822/COS(ICI28) ~2) *0.57*(SCI23/1005~0.61((1+ §C524)/(2*§C325)) ~0.36*SQRT (1 + $C526/5000) “0.993
A B (o D E F G H

20 Nicolai Wing ultimate load factor 57

2 design gross weight in |b 1600

22 Aspect Ratio of wing 6.889

23 trapezoidal wing area in ft*2 160!

24 A Wing taper ratio] 0.704225352|

25 Wing thickness to chord ratio 0.12|

26 maximum level airspeed 109/

27 _ " 0319727594

54 Aca Wing sweep at 25% MGCmi

29

30

n| =06.948*(($C$20*$C$21/1005)40.65%($C$22/COS($C$28)A2)A0.57*($C$23/100)

- 0.61*((1+5C524)/(2*$C$25))0.36*SQRT(1+5C$26/500))*0.993

1% 248. Nicolai 271 % 32 AT

.« JE AZ A3 BF
s dF2Y eae BAHeE 5710%[30]2 EElA A+, AW Raymer,
Nicolai €/ % dZ2 o= HAA @ 2y 7] S/ TFS 45 A& 4
F ookl I o] AAH o ATt 10%01%d LA E AL B 5 oG whEkA
Mg e Tz ax F¥7] @ dSel Bestctn Bekg,
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Raymer formula True value (Ibs) | Estimation value (Ibs) error (%)

cessnalso 216 217.6458096 0.756187117
cessnal72 226 301.3586274 25.00629501
Cessna 180 235 310.9273054 2441963252
Cessna 182 235 339.3003832 30.73983654
L-19A 238 288.6468684 17.54630796
Cessna 210A 261 335.9608426 22.31237487
Beech J-35 379 256.7369762 47 6218991
Saab Safir 276 285.8913575 3.45983089
Rockwell 112TCA 334 291.7644777 14.47589598
Cessna 210J 335 355.5065947 5.768274073
Nicolai formula True value (Ibs) | Estimation value (Ibs) error (%)

cessnalso 216 182.042923 18.65333543
cessnal72 226 268.0856115 15.69857153
Cessna 180 235 284.305121 17.34232602
Cessna 182 235 320.9809896 26.7869414
L-19A 238 251.029453 5.19040809
Cessna 210A 261 316.8775562 17.63380055
Beech J-35 379 232.7913318 62.80674931
Saab Safir 276 255.8752367 7.865068768
Rockwell 112TCA 334 262.5622357 27.20793571
Cessna 210J 335 338.5001215 1.034008938

- Z27] AANA AMEEE T 54 Y AEEE Sl ALl E FAA Y

How whEoly

- 3 AEA

o BlAEMolT g} = oY e WgEe] AE dAS AAE i W)
e FAHMA HTE e AEAHE A A o® YE o tE
= GEFE gotd] WstE dScte WHYAd S Aol sy E
Aol AgE Fholl EAlste HAAAS S48 fste #S5E AmAA T
AXE FAA HoE FAsE WY

e IAEMES Y3 oy FHAAHE ¢4 Y EHS HAHS HolHE
H HARE A& AJA WA HdAsEoF 3

o HFE B giitel HE A EAS ogv|sH HFELS TH
(dependent variable)®} =HW 4 X (independent variable)= &%, %

2 HFE FTH5H dFo] He= HFE doly, 5 HEE AAlste

 WMFe 59 ¥5e 3

o ANk o T FF7| FEFE o Ay o] X FHH IHARFE THAH F
HE ol &8l sAATE FAT

Y 249, Y FF S 2 2AH%
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371 MIALELS F3719 AAA T 2 F4 delgurs 3/ ¥ a5
AR T HolH Y &2 Hxdowm AASA SASH] witdd dF F3d
T dolE ¢ @/ TF dHolHE A7 A4 &S

chak zzdy gy Huo] 55 @ (Maximum Take-Off Weight), @345, &
g 25 5 B2 HolgEe] Wztd F/) Ho AT DI FHARE A
n = 51

T T

Roskam #|[34]] 107§e] & ez} g7 A S/ TFAE7E F7hE ] 3
[e)

=3

Tabls A2.2b Group Weight Data for Single Engine Propelles

Driven Aarplanes

Type Cessna Beech Saab Rockwell Cessna
2104 1-35 safir 113TCA  210J

Flight Design
Gross Weight

GW, lbs 1,900 2,900 2,660 2,954 3.400
5 rructure/GW 0.306 0312 0,316 0366 0.308
Power Plant/GW 0.199  0.201 0.189 0.171
Fixed Equipm't/GW 0094 0.115 0.151 0.099
= Empty Weight/GW 0.59% 0.628 0620 0.705 0.578
Wing GrouplGW 0090 0.131 0,104 0.113 0.099
- Empenn. Group/GW 0.024 0.020 0023 0.033 0.025
Fusslage Group/GW a.109 0,069 0.145 0.121 0.120
Nacelle Group/GW 0.011 0.021 0.021 0,008
Land. Gear Group/GW 0.071 0.071 0045 0055 0.056

Take-off Gross

Wht . 'TQ' lbs 2900 o002 660 2 954 3,400
Empty Weight.
"!. lbs 1.733 1.821 1,650 20384 1,964
Wing Groupl8, psf 1.5 Z1 1@ 2.3 1.5
Enp. G:pfs.np, psf 1.3 1.4 14 ] 1.5
Ultimate Load
Factors 2'8 57 5.7
= Surface Areas. ft-
Wing., S 176 178 146 152 176
= Borfz. Tail. 8y 356 . 27,6%% 320 86
Verr, Tail SV 17.2 . 14,3%% 7 0 17.2
- Empsnn.  Area Sélp 35. 8 35.8 41.9 49 0 55 B
*v-tall
- **Estimated
19 250, F¥7] S dlolE
G Fol FlE 10719 ¥ 7] AREReRE oy FFHo = 3|7 EA o] A
2 ol oA A G E 1070 AA FET] @ $F HolHE SRS 8t
A HA AA 7] AR HAEAES AR F ke A s wEkA 9
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:Single engine aircraft Area .S.pan Taper ratio  MTOW 'Root chord length Tip chord length

3Xtrim Navigator 600 1274 316 0.8 1212 4.079812207 3.263849765
Aerotrek A240 122,53 29.1  0.803680982 1235 4212522202 3385523979
A-221S 147.3 33.2 1 992 4963804878 4963804878
[The Airplane Factory Sling 4 134.2 329 0.704225352 2028 5.296825397 3.73015873
lsco7 Speed Cruiser 108 26.7 0.783783784 1042 3.821663443 2.995357834
éBreezer Aircraft (Breezer 600L) 127.8 28.7 1 1322.8 4467948718 4467948718
|Tkarus C42 (80 hp) 135 31 1 992 4,386792453 4.386792453
PS-28 Cruiser 1324 2822 (0.861386139 1320 5.357556391 4614924812
|SeaRey Elite LSA 157 30.1 0619047619 1370 12.55827815 7774172185
:Europa XS 102 272 0.762886598 1370 4.287757313 3.271072589
.Fligh‘[ Design CTsw: CTLS: CTLSi 107 27.11 1 1323 3.561645408 3561645408
:Skyleader 500 127.5 326 0.6 1279 5.064971751 3.038983051
Kitfox SLSA 128 308 0.810344828 1320 4.125635104 3343187067
Sting 54 119479 29.11  0.623529412 1320 5.101752577 3.181092784
|Cheetah XLS 142.62 315 0.881578947 1235 5713603819 5.03699284
Remos GX 118 306 0.131336406 1320 2162931596 2.340716672
|Skyeton K-10 Swift 127 29.1 1 1268 4.308656036 4.308656036
|Tecnam P2004 1184 27,55 (.662337662 1320 4.956425234 3.282827103
Zodiac 6508 (S-LSA) 134 27 0.818181818 1320 5.857988166 4,792899408
Rv-12 127 26.9 1 1320 4697610294 4.607610294
|Diarmond DA 20 125 357 0675675676 1653 3.954790419 2.672155689
EBeech 536 Bonanza 181 336 043220339 3650 879113082 3.799556541
fCessna T206 174 36 0.690140845 3600 5.403805497 3729386892
|Cessna C400 141.2 35.8 0.649350649 3600 5.012 3.254545455
|Archer PA28-181 170 35 0.52 2550 6679389313 3473282443
|Mirage PA-46-350 173 43 0.528571429 4340 5679245283 3.001886792
|Cirrus SR-20 135.2 355 0.546666667 3000 5.230844794 2.859528487
.Mooney Ovation 3-M20R 175 361 0427272727 3368 7.040780142 3.008333333
EDA 40 F AFM 145.7 39.2 0.525 2535 5818181818 3.054545455
|Tecnam P2070 149.3 33.79 0.8125 2557 4717626527 3.833071553
Bearhawk 180 33 1 2700 10.81666667 10.81666667
lancair legacy 82.5 256 0.549019608 2200 3.851327434 2.114454277
:Iancair—es—esp 140 356 0.594059406 3550 9.960110803 5.916897507
|lancair Iv-p 98 302 0.569620253 3200 4.06439523 2.31516184
;RV—1D 148 31,9 1 2700 4.696388889 4.696388889

OF 251, the Z2HEE 37| S H Y4AE

U @ s Aol 55 v & AL

D 1eA 7k e o Z2 e 3719 w,,,,/MTOW H&3 AA o z2
He w,,,./MTOW W& A% Hdd RFHAE 7H AR EE E A

wing
2) obe] 1} o] AA| ¥ Tx
3 ol5e PE} BFARE TH
'Single engine propeller aircraft 'ang weight/ MTOW

)
v
odt
o4
~
lo

/MTOWS] H &%

lb ing

Cessna150 0.144 Ho HETHA
Cessna 172 0.103 0.106545 0.01689736
Cessna 175 0.097

Cessna 180 0.089

Cessna 182 0.08°

Cessna L-17A 0.113

Cessna 210A 0.09

Beech J-35 0.131

Saab Safir 0.104

Rockwell 112TCA 0.113

Cessna 210) 0.099

a8 252, U7 S 20| EFE v g2 Han EEHRL
o @ = A=
1) w, /MTOWS]

wing

H] & 2 of tiste] FEHOZ oA T
@& A3t 01065, A 001695 717 FEATEES 2

Ao 7}A s
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ozl 23} 7ol Excelel NORMINV e425 &3 99 22
A RFAMREE 2= W,/ MTOW & dFE 327 A

=it :0.1065
HF=WA}: 0.0169

-30 -20 -1lo W 1o 20 30

=NORM.INV(RAND(), B2, EZHX})

%7 254. Excel2l NORM.INV ==

W_wing/MTOW H| 22| == 0.135295432
0.129355602 0.104041213
0.13243526 0.110586098
0.101144755 0.106864857
0.105903661 0.138171064
0.074362894 0.068396494
0.103045779 0.127934006
0.125373366 0.135538043
0.12453329 0.118507336
0.106118108 0.092888368
0.117899874 0.093312894
0.080148001 0.08265847
0.119468097 0.07387844
0.094971429 0.085535803
0.114531606 0.072605155
0.110143281 0.106462328
0.100360862 0.087564283
0.093502328 0.100749243

O8 255, W# 0.1065, E=HA 0.01699 MARZE 2=
w,. |[MTOW H|& ==

wing

2) obel 1™ 2ol w,

wing

/MTOW Hl& sl Aa] e Zzady 7] H
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5
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13
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16

18
19
20

cref o2 e S|
(AX 0 5 A= x
AX X ol S5 X2 0)

Wiwing = MTOW X

/

Wwa‘ng

MTOW

[

N\

LINEST b
A _ J
Wing weight MTOW (Ibs) [W_wing/MTOW H| 22| L=
3Xtrim Mavigator 600 =F2%)2 | 1212 0.129355602
Aerotrek A240 163.5575465 1235 0.13243526
A-22L5 100.335597 992 0.101144755
The Airplane Factory Sling 4 2147726252 2028 0.105903661
SCO7 Speed Cruiser 774861357 1042 0.074362894
Breezer Aircraft (Breezer 600L) 136.3089564 13228 0.103045779
Ikarus C42 (80 hp) 124.3703786 992 0.125373366
PS-28 Cruiser 1643839429 1320 0.12453329
SeaRey Elite LSA 145.3818083 1370 0.106118108
Europa XS 161.5228277 1370 0117899874
Flight Design CTsw: CTLS: CTLSi 106.0358058 1323 0.080148001
Skyleader 500 152.7996957 1279 0.119468097
Kitfox SLSA 1253622863 1320 0.094971429
Sting 54 1511817203 1320 0.114531606
Cheetah XLS 136,0269517 1235 0.110143281
Remos GX 1324763379 1320 0,100360862
Skyeton K-10 Swift 118.5609525 1268 0.093502328
Tecnam P2004 1785899703 1320 0135295432
Zodiac 650B (5-L5A) 137.3344008 1320 0.104041213
pv/12 145 Q72R400 1200 N 11N52AN08

8 256. G B A=
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A B C D E F G H
Wing weight Area (ft*2) Span (ft) Taper ratio MTOW (Ibs) Root chord length (ft)  Tip chord length (ft)

SN e e W -

AR

Bow

2 ® J3> o

=1

T R R Rt
R R A

o
@

ra

W
(=R ]

woow o

R S

W

3Xtrim Navigator 600 156.7789891 1274 316 08 1212 4.079812207 3.263849765
Aerotrek A240 163.5575465 12253 291 0.803680982 1235 4.212522202 3.385523979
A-22LS 100.335597 147.5 33.2 1 992 4.963804878 4963804878
The Airplane Factory Sling 4 2147726252 134.2 329 0704225352 2028 5.296825397 373015873
SCO7 Speed Cruiser 774861357 108 26.7 0.783783784 1042 3.827663443 2.895357834
Breezer Aircraft (Breezer 600L) 136.3089564 127.8 287 1 1322.8 4467948718 4467548718
|karus C42 (80 hp) 1243703786 135 31 1 992 4.386792453 4.386792453
PS-28 Cruiser 164.2839429 1324 2822 0.8561386139 1320 5.357556391 4614924812
SeaRey Elite LSA 145.3818083 157 30.17 0619047619 1370 12.55827815 7774172185
Europa XS 161.5228277 102 272 0.762886598 1370 4.287757313 3.271072589
Flight Design CTsw: CTLS: CTLSi 106.0358058 107 2711 1 1323 3.561645408 3.561645408
Skyleader 500 152.7996957 127.5 326 0.6 1279 5.064971751 3.038983051
Kitfox SLSA 125.3622863 128 30.8 0810344828 1320 4.125635104 3.343187067
Sting S4 1511817203 119479 2911 0.623529412 1320 5101752577 3.181092784
Cheetah XLS 136.0269517 142.62 315 0.881578947 1235 5713603819 503699284
Remos GX 1324763379 118 306 0.131336406 1320 21.62931596 2.840716612
Skyeton K-10 Swift 118.5609525 127 29.1 1 1268 4.308656036 4.308656036
Tecnam P2004 178.5899703 1184 2755 0.662337662 1320 4.956425234 3.282827103
Zodiac 6508 (5-LSA) 137.3344008 134 27 0.818181818 1320 5.857988166 4792899408
RV-12 145.9736488 127 26.9 1 1320 4.697610294 4697610294
Diamond DA 20 176.6476088 125 357 0.675675676 1653 3.954790419 2.672155689
Beech G36 Bonanza 504.3243831 181 336 043220339 3650 8.79113082 3.799556541
Cessna T206 246227378 174 36 0.690140845 3600 5403805497 3,729386892
Cessna C400 460.5624226 141.2 358 0.649350649 3600 5012 3.254545455
Archer PA28-181 3456220086 170 35 0.52 2550 6.679389313 3473282443
Mirage PA-46-350 514.3218389 175 43 0.528571429 4340 5.679245283 3.001886792
Cirrus SR-20 2786651031 135.2 355 0.546666667 3000 5.230844794 2.859528487
Mooney Ovation 3-M20R 314.277828 175 36.1 0427272727 3368 7.040780142 3.008333333
) |DA 40 F AFM 209.5392208 145.7 39.2 0.525 2335 5818181818 3.054545455
Tecnam P2010 188.9071707 149.3 3379 08125 2557 4717626527 3.833071553
Bearhawk 230.9466689 180 33 1 2700 10.81666667 10.81666667
lancair legacy 159.7313401 82.5 256 0.549019608 2200 3.851327434 2.114454277
lancair-es-esp 377.9412648 140 356 0.5894059406 3530 9.960110803 5.816897507
lancair IV-P 280.2057042 98 302 0.569620253 3200 406439523 231516184
RV-10 272.0229563 148 319 1 2700 4.696388889 4,696388889

a8 257, 32
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Feol A 3AATE AT F A FFE olgdl HAFHoR A
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obef 19 Z2 IFH AFAFE THH

7

Wing weight

® Europa XS

e

Flight Design'c

CT| 51
® 5C07 Speecﬁ.‘miser

@ Cessna C400
® lancair-es-asp

‘Tﬁgﬁsrpﬁaahze Slakey ]
Wi WEARb2010

y = 2.1446x - 5.2992

R?=0.5015
4.5 46 4.7 48 :{.:a

a8 259, LM RH L Lol o

) G A -G o]
obe) LI} & MY AHAFE THE

=®

5}

* MegehFEa6Babanza
®  AHBEREF SR 3-mz0R

SeaRey Elite LSA

@ CessrgeRfGwk

Z2IFFANE o] &3] A Az wHEdt

LINEST - X v
L M N o} P Q R
1 Wing weight [Area Span Taper ratio MTOW  |Root chor{Tip chorc
2 |3Xtrim Navigator 600 =LN(B2) 4.847332| 3453157 -0.223143551| 7.100027| 1.406051 1.1
3 Aerotrek A240 5.097164895| 4.808356| 3.370738| -0.218552878| 7.118826| 1438062 1.2
4 A-2218 4608520537 4.993828| 3.50255 0| 6.899723| 1.602173 1.6
5 |The Airplane Factory Sling 4 5.369579911| 4.899331| 3.493473| -0.350656872| 7.614805| 1.667108 1.3
6 |SCO7 Speed Cruiser 4.350099026) 4.682131| 3.284664| -0.243622083| 6.948897) 1.340686 1.0
7 |Breezer Aircraft (Breezer 600L) 4.914924048| 4.850467| 3.356897 0| 7.187506| 1496929 14
5 |lkarus C42 (80 hp) 4.823264038| 4905275 3433987 0| 6.899723| 1478598 1.4
9 |PS-28 Cruiser 5.102204807| 4.8856828| 3.340031| -0.149212398| 7.185387| 1.678508 1.5
10 SeaRey Elite LSA 4.979363442| 5056246 3404525 -0.47957308| 7.222566| 2.53038 2.0
11 Europa XS 5.08464648| 4.624973| 3303217 -0.270645885| 7.222566| 1455764 1.
12 |Flight Design CTsw: CTLS: CTLSI 4.663776828| 4.672829| 3.299903 0| 7.187657| 1.270223 1.2
13 |Skyleader 500 5029127885 4.848116| 3484312| -0.510825624| 7.153834| 1.622349 1.1
14 [Kitfaw Q1S4 apa1on7aaRl  aesonal 2427515 -n21noasanal 71m52070 141799 5
23 258, @ FE vole]
=) 2 2~ 2 2= 5 o
2) AAEE B FHUse SPuse 99y B
2= 2 = 5 5 =) >~ = o =]
AR - 48 AF g7 Zdo] 5 fgEs Ay AAsH
531 1E2 03 14olol e 2on] 16 ARess A
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® BeechG36 BONWPaccna cano Mfrage PA-46-350

N—— e ’“fh[h_"ts H52 ovation 2-M208
fﬁ@@ﬂ%e;atagwlng_aﬁma 206 ® DAADFAFM
Py gzn}sai'i’s"ﬂ a 3 at oLl Giamond DA 20
% Rsdzc 5508 (545 %MW
@ Fiight Design CTsw: CIT6 T )
® 5C07 Speed Cruiser
Ea
&
%
H
)
Ss y=2.9401x - 4.911
R?=0.5734
1
0
32 33 24 5 36 37 tF]
Span

a8 260. 2Tt Dol MEHE X EHYAST

o) AT -E o] ¥
ofe) g3t 2e AANT ARAFE 4

® Beech G368ohsinage PAE-350. . caon

so- L]
® wmooney ol G 331 .
.
#--DA40FAEM
* Sl
® Remos GX

®5C07 Speed Crulser

= y =-0.3559x + 5.1178
> 3
= RZ = 0.0896
2
2.5 2 1.5 -1 05 ‘ 0
Taper ratio

T8 2612029 HoIH ulel MHE Y BHAS
eh) EAFA-Ad ol FTF
obe) 1yt e AN AAATE 74

65
® Beoch G PA-46-35
® Cessna CADO
6 y= 0.2401)‘ -1.8051 ® lancair-es-esp
- ® Archer PA28-181
R 0.8383 ® Mooney Ovation 3-M20R
@ Rv-10® CirrusSR-20
55 ® Cessna T206
® Bearhawk
& The Alrplane Facengeling £ AR
2 ® Tecnam P2010
£ P2004 # Diamond DA 20
3 . ) o
s 5 -2 3&?
@ & Chile &%&elel 600L)
c " ®
s * Waruscaz(aohel o & HERCHG St
® Flight Design CTsw: CTLS: CTLSH
45
® SCO7 Speed Crulser
4
35
o 5 69 1 7.3 7 7. 79 8.1 a3 a5

O3 262, 2/MFAt ZHo|FESEe| MHE X ZHAF
o) A A 9] 2 o]
obel g e A} AYAFE 714
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Wing weight

y = 0.7469x + 4.0065  * : ‘
RZ=0.2366 v :
g a ) L ..- ae
é 45
35
2 8 12 14 16 L8 2 22 24 26

Reat chord length
a7 263. M FAE Fe|AlflZolel MEE F BEAS
uh) AN A - EA ] 2 o]
ole) 1w 2o AT ARAFE A

65
® Mirage PAS5@BLh G36 Bonanza
® Cessna C400
& ® lancair-es-esp
® Archer PA28-181
= ® Moaney Ovation 3-M20R
y= -0.0399x + 5.3057 ® (Cirmus SR-20 ® RV-10
55 R? = 0.0007 o Celina ki ® Bearhawk

o DA 40 F AFihe Alrplane Factory Sling 4
- Yﬁ&\jm P2010-
® Diamond®ATRonam P 5

sy E‘DSS 28 Cruiser
3 % RY-12 o i
e o o SeaRey Elite LSA
tionstsa o S BT

* Flight Design CTsw: CTLS: CTLSI

Wing weihgt

w

® 5C07 Speed Cruiser

as

1) 0.5 1 15 2 5
Tip chord length

O3 264, SR BetAlelZole] MEE F AEAS
A A -7 A 2]
obe) 1Yt e AN ARAFE A

65
® Beech G35 Bonanza ®_Mirags PAAGI0
® Cessna C400
6 .l
ancair-es-esp
y=1.1163x + 3.0264 ® Archer PA28-181
® Mooney Ovation 3-M20R
R?=0.1744 5 ® Cirrus SR-20
RV-10
55 = T ® CessnaT205
)earnawl 5
# The Airplane Factory Sling 4 o BAAOEAFM
- .7 2
£ ® Tecnam 2004 ool ® Diamond DA 20
= ® PS-28 Cruiser ® Acrotmek XS
ER 2 ol e paXS e 3xtrim NevigglessRPs00
= o zdiac GO0 (YA ® Breszer Arafhi@eERNIE00] & Remos GX
£ i w
=% ® skyeton fLatEipEAeatkp)
® Flight Design CTsw: CTLS: CTLSi
45
@ 5007 Speed Cruiser
4
35
L5 16 17 18 19 2 21 ¥ 23 24
AR

O3 265. 2HFA L Jt2M 29| MEE I AEAS
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) ¥4 gH(Over—fitting)
dutH o g 7R Yo] B dss Foixl ARd dgd A9gE g AAT
e ANEde ASAad g dZe] WolH, oled TAZ HAgole
s oldl 2 2e AT we

—_

o High Bias Low Bias

a Low Variance High Variahce

S i s B BE B E R -

Qo

e

-

'8 Test Sam

bt

o

Training Sample

Low High

Model Complexity

a8 266, IR oA

7}) K-fold cross validation
FoI AR5E vy o] FAYRE Bt 5§ Zhzbe] B zgne 54
3] B 3l
“

Wl R g, vy 2

* &¢ A #(Training data) : A3S fd AMEE = Ak s
* W7} A5 (Test data): ¥& 2 ASARE W50 HF EYo] o] Fo
A4 ze Azl dste] duhy Fe 4RE 2EAE BrsE e
= A=
Data Set Random split =
Training data I
_ Test data

13 267. K-fold cross validation method
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(1) A5E d5sHA Ko 152
-1

1) A% 3724
AN TR ARASE ANFE

[e]
(MTOW), %2 A914del(e)2 #F SUnsz Busa 3
& gol A4Y

ln Wu,mg — lnﬁo + 6111’15—” /Bglnb + ,Bgln (MTOVW + 641HC

]/]') K(8)7H_/] —E—Oi J_lj_;q__ﬂ _E_aa]_
Excel®] RANDSH-2 o]43] Aas 8/ 180z Hate] Hat

o] o]

A B C D E F G
1 Data Group No. Aircraft Wing weight Area Span MTOW Root chord length
2 lkarus C42 (80 hp) 4.823264038| 4.905274778| 3.433987204 6.899723107 1.478598311
3 i SeaRey EHite LSA 4.979363442| 5.056245805| 3.404525172 7.222566019 2.530380061
4 Aerotrek A240 5.097164835| 4.808355898| 3.370738174 7.118826249 1.438061566
5 Bearhawk 5.442186813| 5.192956851| 3.496507561 7.901007052 2.381088154
6 Skyleader 500 5.029127885| 4.848116365| 3.484312288 7.153833802 1.62234856
7 lancair-es-esp 5.9347388| 4.941642423| 3.572345638 8174702882 2.298588196
8 2 Cheetah XLS 4.91285304| 4.960183751| 3.449987546 7.118826249 1.742849966
9 | Diamond DA 20 5.174156838| 4.828313737| 3.575150689 7.410347098 1.374927608
10 Kitfox SLSA 4.831207836| 4.852030264 342751469 7.185387016 1.417219973
il 3 Tecnam P2010 5.241255734| 5.005957705| 3.520164901 7.846589975 1.551305819
12 DA 40 F AFM 5.344910933| 4.981549713| 3.668676747 7.8379483916 1.760987811
13 Zodiac 6508 (5-LSA) 4.922418833 4.8978398| 3.295836866 7.185387016 1.767806228
14 RV-10 5.605886461| 4.997212274 3.46260601 7.901007052 1.546793892
15 2 SCO7 Speed Cruiser 4.350099026| 4.682131227| 3.284663565 6.948897222 1.340685784
16 Archer PA28-181 5.845345717| 5.135798437| 3.555348061 7.643848638 1.893026563
17 Flight Design CTsw: CTLS: CTLY 4.663776828| 4.672828834| 3.299902664 7.187657164 1.270222631
18 Mirage PA-46-350 6.242849215| 5.164785974| 3.761200116 8.375629627 1.736818351
19 S Tecnam P2004 5.185092509| 4.774068722| 3.316002536 7.185387016 1.600684762
20 A-221S 4.608520537| 4.993828176| 3.502549876 6.899723107 1.602172559
21 Cirrus SR-20 5.630010714| 4.906755164| 3.569532696 8.006367568 1.6545727393
22 Skyeton K-10 Swift 4.775427195| 4.844187086| 3.370738174 7.145196135 1.460626031
23 6 3Xtrim Navigator 600 5.054837101| 4.847331743| 3.453157121 7.100027167 1.40605096
24 The Airplane Factory Sling 4 5.369579911| 4.899331225| 3.493472658 7.614805365 1.667107659
25 Cessna T206 5.50625541| 5.159055299| 3.583518938 8.188689124 1.687103427
26 Sting S4 5.018482559| 4.783140624| 3.371081758 7.185387016 1.629584123
27 PS-28 Cruiser 5.102204807| 4.885827644| 3.340030946 7.185387016 1.678507974
28 ¥ Europa XS 5.08464648| 4.624972813| 3.303216973 7.222566019 1.455763825
29 Breezer Aircraft {Breezer 600L)| 4.914924048| 4.850466542| 3.356897123 7.187505981 1.496929404
30 Skyeton K-10 Swift 4.983426118| 4.844187086| 3.292126287 7.185387016 1.547053931
31 5 Beech G36 Bonanza 6.223219678| 5.198497031| 3.514526067 8.202482447 2173743352
32 Mirage PA-46-350 5.750277397| 5.164785974| 3.586292865 8122074375 1.95171898
33 Cessna C400 6.132448401| 4.950177325| 3.577947893 8.188689124 1.611835037
a3 268, 2atg BaE 37Kz

t}) 8—fold cross validation %] -&

obg] 1Y o] F 87FA A gl thste] zZhzte %%X}E(Training data set)

o} 7R E (Test data set) = AR AZS AAS & o=
VNEow HEFRPS UM

o3t it
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Total data set
1 2 3 4 5 6 7 8

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8

B B B B B B 8 B
¥ -: Training data set - : Test data set

1% 269. 8-fold cross validation

(1) 3 1AF
A5 E 27t Ao Wate] Exceldl BAET F sl IARNETE
Abgstel obdl meb e ATE A&
E® 88 =7 E 3AHAS

Regression Regression Regression Regression
Coefficient Coefficient Coefficient Coefficient

(Case 1) (Case 2) (Case 3) (Case 4)

InfB, -1.44065 -2.43109 -2.50687 -1.8158

B -0.27174 -0.03413 0.14986 -0.09661

By 0.571561 0.315293 -0.07835 0.267476

B3 0.764044 0.870857 0.963489 0.845922

B4 0.172278 0.123936 0.041284 0.153767
Regression Regression Regression Regression

Coefficient Coefficient Coefficient Coefficient

(Case 5) (Case 6) (Case 7) (Case 8)

Inf3, 0.533689 -2.29149 -1.6097 -1.5779

By -0.51525 -0.18577 -0.14589 -0.15588

By -0.02993 0.478256 0.132933 0.107763

B3 0.955926 0.88456 0.914056 0.864622

B4 0.118975 0.111848 0.151528 0.443465

(2) A7
ol A 3t I AASFE vl o R UL AT dSexE ofy Fol UERY.
=0 xte] Hyto]l 7H #e 372 BEE Case 79 4.27%=E Case7S HEE
go=z Hrsh

E 89 stz 7| (General Aviation) &l #H &4 Z =}

Case 1

Regression equation W, = 0:2365 2152 (AT OW) 70T
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Skyeton Beech G36 Mirage
Test data , Cessna C400
K-10 Swift Bonanza PA-46-350
Estimated wing weight
(Ibs) 131.7 329.3 3134 328.12
True Wing weight (Ibs) 145.97 504.32 314.27 460.56
Relative error (%) 9.72 347 0.27 28.75
Relative error average
(%) 18.36 R? 0.826
Case 2
Regression equation Woing = 0-0888™ "3 (AT OW) 571 M
_ pPS-28
Test data Sing S4 Crii Europa XS Breezer 600L
ruiser
Estimated wing weight
(Ibs) 138 137.1 137.38 135.18
S
True Wing weight (Ibs) 151.18 164.38 161.52 136.30
Relative error (%) 8.65 16.59 14.94 0.83
Relative error average ‘
(%) 10.26 R? 0.852
Case 3
Regression equation Wying = 0-0828" 1%~ 00T (AL TOW) 95304
Skyeton 3Xtrim The Airplane
Test data , ] , Cessna T206
K-10 Swift | Navigator 600 | Factory Sling 4
Estimated wing weight
(Ibs) 134.23 127.46 212.559 381.77
S
True Wing weight (Ibs) 118.56 156.77 21477 246.22
Relative error (%) 13.21 18.69 1.03 55.05
Relative error average )
(%) 22 R? 0.872
Case 4
Regression equation Wying = 0.1628 927 (ArTOW) 3457158
Tecnam .
Test data PA-46-350 o004 A-22LS Cirrus SR-20
Estimated wing weight
(Ibs) 421.35 138.98 112.34 296.52
True Wing weight (Ibs) 514.32 178.58 100.33 278.66
Relative error (%) 18.07 2217 11.97 6.4
Relative error average
(%) 14.65 R? 0.826
Case 5
Regression equation Wiying = 178 %2007 08 (M TOW) #0110
SCO07 Speed Archer
Test data RV-10 ) CTLS
Cruiser PA28-181
Estimated wing weight
(Ibs) 268.27 124.58 245.94 155.87
S
True Wing weight (Ibs) 272.02 77.48 345.62 106.03
Relative error (%) 1.37 60.78 28.84 47.02
Relative error average )
(%) 34.51 R? 0.869
(o]
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Case 6

Regression equation VVwin,g _ 0.1015—&185[)0.478(]WTOVV)O.SSALCO.MZ
] Tecnam DA 40 F ,
Test data Kitfox SLSA o010 AEM Zodiac 650B
Estimated wing weight
(Ibs) 142.70 264.11 289.37 138.17
True Wing weight (Ibs) 125.36 188.91 209.53 137.33
Relative error (%) 13.83 39.8 38.1 0.61
Relative error average )
(%) 23.08 R? 0.871
Case 7
Regression equation Wiy = 0.199.87 1900183 (21T OW) #1152
Skyleader Lancair-es-es Diamond DA
Test data Cheetah XLS
500 P 20
Estimated wing weight
(Ibs) 138.52 389.42 133.80 171.22
S
True Wing weight (Ibs) 152.79 377.94 136.02 176.64
Relative error (%) 9.34 3.03 1.63 3.07
Relative error average )
(%) 427 R? 0.835
Case 8
Regression equation meg — 0.20657[].156190.1[]7(AITOVV)().SMCO.MS{
Searey Elite
Test data Ilkarus C42 LSA Aerotrek A240 Bearhawk
Estimated wing weight
(Ibs) 104.45 214.37 125.03 356.63
S
True Wing weight (Ibs) 124.37 145.38 163.55 230.94
Relative error (%) 16 47 .45 23.56 54.42
Relative error average
(%) 35.35 R? 0.876

o -0 = O =
A vl FA% vl G AREE AR
of A&7lE 1071¢ AA
UEld. Raymer® o524 aH 12 19%, Nicolai o 52]2
I AEAE T dFAL 12%E YERE. QA BNk obd Zb7be] @A)
Hl s e dAdtd oz 953 5435 ey

&l $oll A A78¥ Raymer, Nicolai® Y7 T %
= folA Aa3 Roskam
ey 375 AMEstH A= ofd LH
QA L 209,

=
e
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Raymer equation True Weight (Ibs) |Estimation value (lbs) |error(%) error average(%)
cessnals0 216 217.6458096| 0.756187117

cessnal’y2 226 301.3586274| 25.00629501 130634
Cessna 180 235 3109273054 2441963252

Cessna 182 235 339.3003832| 30.73983654

L-19A 238 288.0408684| 17.5463079%6

Cessna 2104 261 3359608426| 22.31237487

Beech J-35 379 256.7369762 47.6218991

Saab Safir 276 285.8913575 3459583089

Rockwell 112TCA 334 291. 7644777 1447589598

Cessna 210J 335 3555065947 5768274073

Micolai equation True Weight (Ibs) |Estimation value (lbs) |error error average(%)
cessna’lsl 216 182.042923| 18.65333543 5002191457
cessnaly2 226 268.0856115 1569857153

Cessna 180 235 284.305121| 17.34232602

Cessna 182 235 320.9809896 26.7869414

L-19A 238 251.029453 5.19040809

Cessna 2104 261 3168775562 17.63380055

Beech J-35 379 232.7913318| 62.80674931

Saab Safir 276 255.8752367| 7.8650068768

Rockwell 112TCA 334 262.5622357| 27.20793571

Cessna 210J 335 338.5001215 1.034008938

Regression equation |True Weight (Ibs) |Estimation value (Ibs) |error error average(%)
cessnalsl 216 165.68544| 2329377776 11.852804
cessnaly2 226 246.3786067| 9.017082618

Cessna 180 235 276.5436515| 17.67814956

Cessna 182 235 301.7948089| 2842332295

L-19A 238 243.8755207| 2468706186

Cessna 2104 261 287.5048472| 10.15511386

Beech J-35 379 290.8357011 23.262348

Saab Safir 276 276.2988927| 0.1082904473

Rockwell 112TCA 334 321.2897286| 3.805470478

Cessna 210J 335 336.0578433| 0315774121

2-2-Q 9 A3 AL
O <] AwAbg Alolq T3S F8 PAV

a9 270, HF A v AF

o Hm 3

7}

AA1] A

2l

E 90 Transition performance[14]

S| unit

US unit

Capacity

2 Seats (side—by-side)

EEFY Atol=

(LXW X<H)

6m X 2.29m X 2.03m

19ft6in X 7ft6in X 6ft8in

HIgi 2= AlO|=

(LXWXH)

6.02m X 8.08m>< 1.98m

19ft9in X 26ft6in X 6ft6in

=1

olF S

OB

=
S

648.64 kg

1430 Ib
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3615 439.98 kg 970 Ib
Zof £ 185.2 km/h 100 kt
o 5 160 km/h 86.4 kt
S 100 km/h 54 kt
& AHz| (Air) 660 km 410 sm
Fd7H2| (Road) 1295.52 km 805 sm
olF FAHe 30.48 m 100 ft
HE FAAHE 30.48 m 100 ft
KB ADEg 8.45 km/I 19.87 mi/g

SEHEA| 1 X Rotax 912 (75kW)
olH 515 (W/S) 12 Ip/ft®
CERESSTE]
0.07 hp/lb
(P/W)
* 91 Aeromobil 4.0 performance
S| unit US unit
Capacity 2 Seats (side—by-side)
EE2EFY AlOo|=
59m X 2.2m X 1.5m 19ft4in X 7ft3in X 4ft11in
(LXWXH)

H# 2= AlO|=

5.8m X 8.8m X 1.4m 19ftdin X 28ft10in X 4ft7in

(LXWXH)
OI5&sE 960 kg 2116 1b
ey 720 kg 15871b
Zf| &5 360 km/h 194 kt
o £ 259 km/h 140 kt
A £ 112 km/h 60 kt
Hl@Hz| (Air) 750 km 466 sm
EESPIE] 595 m 397 ft
ol 5tE (W/S) 16 Ib/ft?
SO S|
0.14 hp/lb

(P/W)

=X : https://www.aeromobil.com/
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# 92 PAL-V performance
S| unit US unit
Capacity 2 Seats (Tandem)
TE2FY Alo|=
dm X 2m X 1.7m 13ft1in X 6ft7in X 5ft7in
(LXWxH)
H|S B = AlO|=
6.1m X 2m X 3.2m 20ft X 6ft7in X 10ft6in
(LXWxH)
O|IEEEE 910 kg 2006 Ib
S5 664 kg 1464 b
ES o 180 km/h 97 kt
& &5 140 km/h 76 kt
Al & 50 km/h 27 kt
" 72| (Air) 500 km 311 sm
ol F&He| 180 m 591 ft
ZE X|& 10.75m 35ft 3in
oE ADEg 5.38 km/I 12.65 mi/g
SHU S 2|
i 0.05 hp/lb

EX : https://www.pal-v.com/
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3* 93 Switchblade performance

Sl unit

US unit

Capacity

2 Seats (side—by-side)

CEE2FY Ato|=

(LXWxH)

51m X 1.8m X 1.5m

16ft10in X< 6ft X 5ftlin

Hl8i @ = Afo|=

6.2m X 8.2m X 1.5m

20ft2in X 6ft X 5ftlin

(LXWXH)

O E= 794 kg 1750 Ib

S5 547 kg 1206 Ib

zZo &= 322 km/h 174 kt

=& Zx 257 km/h 139 kt

A £ 108 km/h 58 kt
g 2] (Air) 724 km 450 sm
ol F&iHz| 335 m 1,100 ft
Az APE 7.56 km/I 17.78 mi/g
oldstE (W/S) 26 Ib/ft?

SEHU S|

0.11 hp/lb
(P/W)

ZX : https://www.samsonsky.com/
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H* 94 Sizing program configuration performance
Sl unit US unit
Capacity 2 Seats (side—by-side)
T2FH AlO|=
5.18m X 1.86m X 1.5m 17ft X 6ftlin X 5ft
(LXW xH)
H|SH @ = A}O|=
5.18m X 9.14m X 1.5m 17ft X 30ft X b5ft
(LXW XH)
OIEE=H 961 kg 2119 Ib
3o = 716 kg 1578 Ib
Zo £ 190 km/h 103 kt
T8 £ 163 km/h 88 kt
AL S 89 km/h 48 kt
H|& 72| (Air) 248 km 154 sm
Ol FdAHe| 418 m 1,370 ft
e ADE 4.88 km/I 11.48 mi/g
2 HStE (W/S) 18 Ib/ft?
=z /
0.06 hp/lb
(P/W)
- dRkd o2 7] NEdAA GAdA AAE A AAWMSF FEAdo digk Ade
71Ee A AgE FEE Futd QS
- PAVE 3714133 25 2A1 Feol AAE 2AAde] 3712 SH4HA AsEL g
habe, 23Ul AR o] 9je AzAES AEE N A e
-uehd @ mease) A4 AFe AA 88, ¥ ATANE APAE 38 A
27k AR FAE PAVAR, PAVS 713 §A18 §871F] ARE o4t # xz
aRe) AT SFHE AFHAS
-9 EEe 7IEd JiEEo st b EEZF3d PAVES  Transition,
Aeromobil 4.0, PAL-V, Switchblade®} & <AF-o|A Alo]d 27315 o] &3l A}l
A¥E PAVE Y3l
- 57kAe] ERFYY PAVAA Z27h e Fuel Yol Tz At ERFYe @
T L. =3 FAR PART 23 9157152 6,000lbo]3te] o] &5%F5#F, 6lktsS X3 35HA]
v AEEE VlFo] ¥R AEHAS
- 2258 PAVY dWstFy F8HUFEHE Raymer o A4 29 vluwsS]
< u JHstT Y sEgFEH F A A BT fARSE PAVE 2 Z2O3S ol &
slo] Alol gl == PAVS AS & = U
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71% A]E(Technology Sheet)

bo] AARE 2Hol7h
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X
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O Aeld
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- ZNAFERe} AFAE] FAE Folv V&S AA PAVE FAE Fola Had A
o] A7)k FolH ARARE FolB=R AAE nelsjor g /M 2 AT T &Y
A VErRY dojf wepa Asaf Beke] wAol tal] F1A < &Y AAE 9l
deFE A AA VEs =AU afdAs Yy 2 539 $A Fa
o S AAStEE dA ME FA FalFHS Fol= 7%, S Zero net mass flux

jet, piezo—electric active skin, laminar flow drag coating 7] =59 =S esfoF g+

a19F2 A2 (High Lift Devices)
e F5 %A 9 (Flow Circulation Control)
1. % £33 =% (Flow circulation flap)

e FAdHE I Yete] xHEs Wt EE= 5EAS VAL e =9
(Flap)& AHg3l Slde] A%g xddte] §59 558 ofdFow niiro] %
g5 F7HAA
o A

7E AL XA FFe v SE54S AofForA FHE HAS AL F
U=

Flaparons(Flap+Ailerons)®] 9g& 3 4 2dS
¢ TH

Azglel BelA BAT B 4 ole

a9 272. NASA SC(2)-0414 Supercritical Airfoil with Superimposed
Dual Radius Flap[37]

2. 4 = (Leading edge blowing)

A Fess AMEFaste] g E AJANA AESELEE FTHAF
¢ A

AGAES ¥ Fo) Hugs 37 AL & AL
o A

Azwo] ¥slA FAL FE 5 QS
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VORTEX
STREAMLINES

QUTER FLOW

1% 273. Leading Edge Blowing[38]

DP(Distributed Propulsion) AAZ & §&5 24
'S 1:/_]—71@

PAVell A Abg-ak= Hol A ol A g3t Aol S+

13 274. Upper Surface Blowing[39]

- 54 &9 72 (Body Drag Reduction)

1.

Goldschmied Fuselage

e A 2% T4 A ARG o 50%°] FE FAE B
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TUREULERT SEIN-FRICTLION STATIC PRESSURE THRUST
WAL I'.' + L0190 Er = 0.019% - 0.0025 - 0.0145

—p

i
VARSI TR |

Y SUCTION BOUNDART-LAYLA CONTRCL
GOLOSCHMIED TEST MODEL (From Ref.B) POMER 4 k.3, ECUIVALERT DIAG
TOTAL DRAGSWARE -DRAG + EQUIY. DRAG (.us " 0,013
Cor * 0.€025 + 0.0135

a9 275. Goldschmied Test[40]

2. blowing MAUEE 918 27 Y79 B2g & HRN BSa

-

R

7] wE

Concave stagnabon area
of greater concawily .
than the above \

shapo

CD=-0.55579

CONMVEx inlel radius with
Bend Angle Is ass amnea U‘\?I‘I inlat on
greater than above Golashmied's body

CD= - 0.82302

29 276. Goldschmied Fuselagel[41]

- 282 -



1% 277. Goldschmied Fuselage Design[41]

e Y F ¥ (Nano-coating)

2. AANA T 7]sksHy
3. FES A9
_ﬁ_

1
4. &5 (Laminar flow)oll A4l 30%740%, %+ (turbulent flow)olA 15% &3 A o

poss

a3 278. SEM(Scanning Electron Microscope)

image of the coated sample[42]

e 4A F%F 271 (Piezo-Electric Active Skin)

=74

1. 5%6710% 3 74

2. 97 xdel 482 A5 10%717% F=E AT N
3. dRE WaElstE wgem xHe] HE

g

1. Alz=dlo] H3taf 3]

2. FAZY F7retER a4 o] 50 flS

3. 95 xdo] gkar e wivk g A gt
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Linear Piezoceramic Stack Acmators

19 279. Skin design with linear piezoceramic stack
actuators[43]

a9 280. Deformed and Undeformed plots of twice the
Unit Cell[43]

o} A (Noise & Safety)

!
b
oo
=

o

o] 93 £=4HFOD: Foreign Object Damage)S < & 4 &
* 25 (Noise)
1. Q—fan
Hamilton Standard® Q-fan< ©o]-&3] 22 FH& 7F Akl Fejo] Z=2dy 4
=5 ¢ 30PNdbAE =%

Conmenianal I-biaded Propolar
Lo Noisa 4-Bladed Propaler
Drsmater = 683

Tip Speed = 1020 Msec Chameser = B 1t Coset B-biadnd Fan
T Speed = 400 hisae

Powsr2 300 hp Cametor = 358

Theust » 620 et @ 71 ks Pewer= 200 hp Tio Spead = 730 Rises
Thrust = 820 bef & 71 kt

Eropeter Wesght = 54 s Poowee = 330 o

Hiogaine peckicor WW*13NF Theust = 820 los! @ 71 bt

Feducton Weight = 17 s
Holse = 105 PNdB G 500" sidelnie Propeter(Fan Weight = 106 ibs

Meise = 75 PNAB & S00° sistine NO ear neducton
Noise = 77 FNAE ) 500 sidekna

3 281. Q-fan(Quiet—fan)[44]
o SHHA (Safety)
1. Aol A e Abar
A 42 fanel] 4 s A
e

™
YEE B wel wolx, Wolel m P £} B Aoje] Aug WA

=
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G A 98 u fano® Eo]7t= o] Bk

2. QEZ} AR 2] wEo 27/ 5 (bird strike) 258 & B3

19 282. Safety duct fan
3. 9E M blade o]E XA

13 283. ductoll 9] blade o)g Alal

4 (Fuel Consumption) - 15 L/hr at 5000 rpm(75% power)
5 & (Specific Fuel Consumption) - 285 g/(kW=hr) at 5500 rpm
28] (Power to Weight ratio)- 980 W/kg (1.341HP/kg)

713 284. Rotax 912 [45]
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o 7}2E ¥ (Gas Turbine) <17l
F97 Ao FAZE 79 spol B =9
(Auxiliary Power Unit) &2 A8 2 =

¥ 95 Estimated APU power and emission database [46]

-4 7] (generator) i @37

_ m, HC Co NO,
APU Aircraft P [KW]
[kg/hr] [g/kg] [g/kg] [g/kg]
36-150 BAD-146 68.0 - 0.61 6.45 5.10
36-300 A-320 100.0 - 0.15 2.05 10.10
36-4A Fokker F-28 61.0 - 0.36 13.47 5.10
85-129 B- 737-100/300 106.5 - 1.03 17.99 4.75
131-9 A-320, MD-90 115.5 447 0.37 4.88 6.64
331-200ER | B-757 121.5 - 0.43 4.13 9.51
331-350 A-330/340 186.0 - 0.23 1.86 9.90
331-500 B-=777 243.0 750 0.20 1.89 11.41
331-600 A-340-600 290.0 894 - - -
PW901A B-747-400 391.3 - 1.50 16.78 3.15
PW9R0A A-380-861 470.0 1340 - - -

Honeywell 36-150 (APU)

A (Weight) - 150 1b (Wi71 @7 da k7] E3hshA] eF5)
2 (Power Output) - 35.3 kW(47.3 hp)

2 H & (Fuel Consumption) - 68 kg/hr

) 5 1] (Power to Weight ratio) - 0.69 HP/kg

2]

Ar
=l
-

1% 285. Honeywell 36-150
+ Jaguar C-X75 ¥l 7} /4

=2 (Power Output) - 70 kW(93.9 hp) at 80,000 rpm
biofuel, diesel, CNG, LPGE d8& A& 7}%
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13 287. Bladon JetsAte] Engine
Wankel Rotary Engine [48]

S 7%1-71@

1. O & Q=9 vlste] vl F A 37 ¥4Rlo]
Knock) &4 ®Z=7F o5

a5 2e

=]
=

+

W 7+ A (Shock—cooling) & 4ol
|
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Engine Weight Comparison

TAE =m
600 R - —  Centuriond.0 S
| # d.cyl. atm. Lycoming |
S501 | o B-cyl atm. Lycoming |
& d4-cyl. turbo Lycoming
soo| | * Byl turbo Lycoming |
® Thielert Centurion a
_ | ® DeMaHavik V4 Diesel | sy
g_ A Bombardier-Rotax ®
=) 400 — T T T =220 ‘
)
= 350 DeltaHawk .
V4 Diesel ¥ |
TAE 8 ! 3
Centurion 1.7 - Competing engines: dry weight as published
300 - L] on compatiors web sites
e G-190 - Mistral angines. dry weight including PSRU,
..-ff'f $ coolant pump. ol pump, slarter system. main
250 e TOA altemnatos, engine-mounted DEM
e system's components
1“” |
200 :
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

BHP (SAE)

13 288. Engine Weight Comparison
5. % wite AAshe Fu7k v aE <l Hlske] 40% 25

==

300 HP Mistral 3 rotor. 260 HP Lycoming 6 cylinder.

% 289. Rotary vs Piston Engine Size

6. 2 s

7. 72~ HHl e H] 5o T8 (SFC: Specific Fuel Consumption)®] %2
8 =g <ol Hdte] whH T FH 7 F5

* 113]_—79

o 4 =2H7 AW (Rotary Engine)s 7}~EHW(Gas Turbine) X %52 %X

(Auxiliary Power Unite) tieto =2 7idt =

¢ APU 7| AAQ v=r9] PARSAFE 7FAEHl BRxF8 A w2} 104)
FAolgtal FstE 2EHE REEHAAE )EH[49]

¢ Mazda 13B Rotary Engine
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*

ofn}Fo] 7] (Home-built aircraft)el] A A&-% = ZE e %

W] 109 Ibs (FFHF T2, Wb Asw R A7 e w3etA ¢

vl & (Horse Power) : 300 HP at 9000 rpm
n}l& o) 5 28] (Power to weight) : 2.75 HP/Ibs

19 290. Mazda 13B for aircraft[50]

-
i L -
- " - L s e
- - i

13 291. Mazda 13B for sport car[50]
Rotron 600 HFE Engine

Rotron UAVAFI A A Z
7F2~ EJHle] H|&te] A5 4R (SFC: Specific Fuel Consumption)©] 42
vl o] 5= ZH] (Power to weight)7} =5

el 7k ERlS vagls w o 22 rpmel A AHE
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9 292. Rotron 600 HFE Engine

u]

EEE
EEEEHIE

:
:
:

gﬁl
I

13 293. Rotron 600 HFE Engine Specifications[51]
¢ Mistral Aircraft Engine
3 A - Adupel] EEE Fa 9l A9~ Qlz 3 AHMISTRAL Engines)
2d= - 200, 230, 300, 360 HP

19 294. Wankel Rotary Engine models
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Power, torque and specific fuel consumption (SFC)

@ sea level, ISA”

Powst AFC

(hp) (1%p )
mr- [ Onerating RPw mi ] 4
30 - | - ROP - RuchOn-Peak siwtare [

- LOP o L4 Pal mawiiany

300 | | - Uebesded rmogan, 89 sctu RON (90 L5)
M0 -
0 L
mo b
60 -
0 -
40 -
70 -
o k-
Ho L
mo — Powar (ROP) = =+ Torgue (ROP) =@« SFC (ROP
190 - s Pwr (LOF) = = - Torgue (LOF) -=+ 8FC(LOP)
1“ i i i i i i i L L L
1750 1800 1850 1000 19S0 2000 2050 MO 2150 10 IIs0 BN

Propeller (rpm)

Maturally aspirated rotary

lacem JxB5dce (3x39.9 cu.in.) per rotor
Cooling Coolant: water / ethylene glycol
Coolant heat load: 87kW / 297kBTU/Mr
Oil heat load: 39kW / 135kBTU/hr
Fully redundant dual-ECU digital contral

Fu ystem . Dual electronic injection
Dual electric fuel pumps

100LL Avgas
2 Unleaded auto gasoline (US: 87, Eu
Propeller speed 6-pinion planetary, ratio 2.8235:1
reduction unit (PSRU) Hydraulic CS propeller governor drive
5 Tractor configuration; clockwise
Pusher configuration: anti-«
300 hp @ 2,250 propeller rpm
As above
225 hp @ 2,000 propeller rpm
sight ' 177 kg / 390 Ibs

Dual alternators 14V 70 Amp or 28V 404
1] Dy angine, PSAU welght including starter, main allernator includaed

Max. take-off power

T.“'l"‘iﬁ_cruisa power

19 296. G300 Specifications (300HP)

Rotary Engine #-& H]&7]
1. Sikorsky Cypher/Cypher I - T2 EE] AF X o2 HAES
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1% 297. Sikorsky Cypher/Cyper II
2. Diamond DA-20 - AES80R Austro Wankel Rotary Engine A}-&
=¥ (Power) - 80 HP
T Al(Weight) - 27 Kg

Mazda M5 AH&ste= B ofwlao] 3-8 7] (Home-built aircraft)”} 7§z
Mistral EngineAl= &F4E rotary a7 712 5

P&W RoketdyneAli= DARPA VTOLE $3% 9 A rotary engine % %
RotronAb= UAVsE 918 30750 hp Wankel <17 A4t
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UK e-Go :

30 hp Rotron Wankel %S AFE-3H & 24 Avt= g

% 300. UK e-Go aeroplane

<]

2. stoluelE F3 fﬂ%ﬂ

DA36 E-star :

Mazda2 EV
- A7) 2H
o HiE <

+ e dx7}

o SolrE= 337 A9 wiE st AfHEE

7] At vw

0 hp(30kw) Austro Wankel rotary %l
Siemens 94 hp(70kw) 717] R¥
FAI(100kg) 4, d54REE (20%), 29 HA
2013 6 H| 3

21- 1T

1% 301. DA36 E-star
3. shol R = AEAE % gAY A%
Audi Al e-tron
Fiat 5009] spolHz]= Wz

0 250 cc Wankel engine at 5000 rpm

A=2H 330 cc, 30 hp at 4500 rpm, 23kW 7= A4k

2030 A9l 38 A" Aoz 7|

ge o & 2dAE 8le
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o MEE 3 YA Hx e 7]

*

*

*

Lithium lon vs. Ni-MH vs. Ni-Cd

Volumetric Energy Density [VWh)
8

Doubling energy density in ten years!

s

13 302. Battery Energy Density Trend[52]

AA 71w g

Lithium Air, Lithium-Sulfate, Lithium Hydrogen
2. WE =4
Graphene Capacitor - 20% ¢toll =4 715

stol B = uiE ]

1. Graphene Capacitor - olU# Wi @& o]y} v|%:

WA Afo] S5 7RG

2. Lithium Ion/Polymer - Al#83 4 Q&= 7<= A3

Hy

Lithium Air

1300 Wh/kg (o] &)
Aluminum Air

1300 Wh/kg (2 A)
Prieto Nanowire Battery

Oe fEe w2 o 8 2 U 9EE Ay

flo
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2 b i ok Bl e B s
E ZW ' i Linhiuen- 1 [ ' 1
; 100 L!?ﬂ ' M- - < - | an- ; : 2
o g i
" | Hydaide ] ; 5
50 100 150 200 250 300 350 400 450 500 550 600 650
Wh/L

13 303. Present Potential

v (b) Caleulsted Prieto -
10 { MNanowire Battery
L= RS NN N NS G G H,\w.-\v,-._/\.-\;':v, e P P
= : o mz
g 10 e 'Ballery "._
o - oo T
M-l Lithium- Lead :
1 " o .:cld /
10 0 10° / 107 10*
W/ L

1% 304. Future Potential
Prieto Battery Company - ZZ#%= FTHU U A+ Z2AEZ A 23 3)A}
- FRge FollA 3008 g A A4
- 3|A} A H A<l Amy Prieto’} Early Career Award
¢ Sodium Air

1605 Wh/kg (o] &7)

Smalter
Ll M’h a
g
-
A InjAic
50 Established techoologies
£ 7 Emveiging technologies
Fmry prgrads oolls ¢ [0 madh
T T T T T T T = Lighter
m 300 L] 500 1) £ ]
Whikg

A7 BY A

¢ Halbach Array Electric Motor

PN
T
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- AR A%

ol
ol

*

300

250 1
200 1
150 -

100
50

95%2] &S 714
5 hp per pound® H] o A&t F47F 1 inch w3

o} Ae Arw HAE HAAW AAAEL N F Ao T

13 306. Halbach Array Electric Motor[53]

FAF

[e3

A #4:(Liquid Metal) [54]

NASA, Zglxyol F#uish, ula oA H= “Liquid metal’o]ghs A Z-$
A AAE NEE

MA 52> wMEA W Al & e g 543 EHEge 7 oul ol

o] 387+ (Yield Strength)E 717 g&¢<)

AbE Aol Tkl dete EES vE 7 OUS

AR A wEY 2~ (Crystalline matrix) 7+&2=2 8jdd 35 2o =2 w593
Yield Strength (ksi) of Cast Alloys

Al Alloy TioA1-4V 17-4 88 VIT-001
Aluminum  Titanium Stainless Zr-base
Alloy Alloy Steel Liquidmetal®
Alloy

9 307. Liquid Metal [55]

F9Y 4 =eto] B (Flash Drive)] €% Q7Y off HIE | =
=2 sy FH gl HA 545 3D ZHEE A5k
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7}) Hunting H.126
Blowing Flap #-&

a9 309. Hunting H.126

t}) A6 Intruder

W5 Blowing % &
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19 310. A6 Intruder
t}H Boeing YC-14

37 SlH Blowing % &

13 311. Boeing YC-14
2}) NASA<} Boeing9] QSRA

37 1 Blowing 4 &

a9 312. NASA-Boeing QSRA

- 298 -



w}) Antonov An-72

7] $1¥ Blowing &

1% 313. Antonoy An-72

Pneumatic Channel Wing
A ¢ (Channel Wing)2 Y71 & 3tel o=

T
r

Kol
=

fd

§ower moy S

9|

& om

A%

Agoln F1 A7)

7N el H]

A

TH

e

7
Nlo

1% 314. CCW-5 Channel wing Aircraft[25]
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MOC (Means Of Compliance)

<
O
O

MEANS
Statements
Drawing/Description/Document/Manual
Analysis
Safety Assessment
Laboratory Test
Ground Test
Flight Test
Inspection
Simulation
Equipment Qualification

OO [([N|O|O|A~[WN|—|O

L]
O>"

0, 1, 2 &Zof sl =F CCL (Compliance Check List)S #HAlsta 3799 3
o disiA = FAAET EA-e] AdeEAE HET
- FAR239] #ATT 95 ASHHMOC)S ol wdlste] ofefol dF-vkS A sh

Requireme Work

}71 MOC solA /Idd7E PAVeE FAR23 114 +F A% & 94 + Ue=
A

FAR Requirements MOC
nt No. Name

Subpart B - Flight

General

FAR 23.21 | §23.21  Proof of compliance

(a) Each requirement of this subpart must be
met at each appropriate combination of weight
and center of gravity within the range of
loading conditions for which certification is

requested.
This must be shown- 0
(1) By tests upon an airplane of the type for PEF 9

which certification is requested, or by
calculations based on, and equal in accuracy to,
the results of testing; and

(2) By systematic investigation of each
probable combination of weight and center of
gravity, if compliance cannot be reasonably
inferred from combinations investigated.

(b) The following general tolerances are
allowed during flight testing. However, greater | WBM
tolerances may be allowed in particular tests: 2

(a) Ranges of weights and centers of gravity
within which the airplane may be safely
operated must be established.

FAR If a weight and center of gravity combination 0
93.23(a) is allowable only within certain lateral load WBM
) distribution limits that could be inadvertently 2

exceeded, these limits must be established for
the corresponding weight and center of gravity

combinations.
FAR (b) The load distribution limits may not exceed WBM 0
23.23(b) any of the following:
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(1) The selected limits;

(2) The limits at which the structure is
proven; or 9
(3) The limits at which compliance with each
aﬁplicable flight requirement of this subpart is
shown.

§ 23.25 Weight limits.
[Doc. No. 4080, 29 FR 17955, Dec. 18, 1964, as
1IT6605 Amd. 25 51, 43 FR 9317, Jan: 16
, ; Amdt. 23-21, FR , Jan. 16,
FAR 2325 1 1978, Amdt. 23-34, 52 FR 1825, Jan. 15, 1987, | WBM |
Amdt. 23-45, 58 FR 42156, Aug. 6, 1993;
Amdt. 23-50, 61 FR 5183, Feb. 9, 1996]

§ 2371 Glide: Single-engine airplanes.

The maximum horizontal distance traveled in

still air, in nautical miles, per 1,000 feet of

altitude lost in a glide, and the spegd 4 5
necessary to achieve this must be determine

FAR 2371 with the engine inoperative, its propeller in the PEF

minimum drag position, and landing gear and

wing flaps in the most favorable available

position.

[Doc. No. 27807, 61 FR 5187, Feb. 9, 1996]

§ 2373 Reference landing approach speed.
FAR 23.73 | D¢ No.27807,61FR5187, Feb.9,1996] PEF

(@)}

N

T F7F 47 VIOL PAV A%s T &

o5
e
X,
Jot

O_La_)':l

s

Lo

=

|8F o] &4 484

Ff714 0154 (ODM: On-Demand Mobility)2] 243
AdE ETote olerd 22t EEE VWMo R 3 wEA RS o]&stH, o]y
A g gk o) EL ulg =2 BEAAS v e ALl SO Fdd A4S
o] &3lA] ZatA |, stAIN et5& o] &l olETHe RE HE HHA R o] ¢
AL EA| o HA A Alo] o] o] 7] Meo] Q& = Ql7] Wil o] &A7F ¢ wEn
AstA FHA A =28 5 A =
7|9k o] F/d o] AdqE7] QA= Holofd A¥EREE JASZEAA, HHE 7=,
TEA, AEA, B8, A, A, W77, mAY lEetet e AEo] A5, olF
ME QIFZEZAAM, FHA, &5, 1zt 2 £A4= 7P A fdaofd EAlE <+
skt
SR ol FA L AV ol Fs St AFEARE #1E Alawo] ofbd FH S AZE AqPRE
A dF7E FHeE ME Y. ©olE Thin-Haulolghs &ol2 XA sl=d), oA
M2 AN Bdy) 7]$2 2dsta 9l Thin-Haule] 23E ), 8] & & 7} @o] A}
AstE B2 dx5d. o7]d #4471 F=Z(DEP: Distributed Electric Propulsion)< 4
&5t o] H&AQ FiES Wol Y & U3 DEPe AR E AFEsA &Kol 8
Aojm, A7l wet FFS e e A H g AV|EREE AV A dEFs W
A 7] Wil E&A< FEr] AA 7hsd
Ffr7IRE o] 5 (ODM)A A &= A& o] A F4H dF7]E oldste A4S Hxi= g
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T4 o)FF HAGE A wEe] s AU FA @¥7] H& 7EY EEREY e
3ol YAE o] FA flol fARg nAG ofgf o] Fxbol= FA o] FI A AY Y| vhE =
el o] mlgge] F74AQl Ves HalA &8 oldd 4 o] FF v gL 7]E]
LAl QlEerE AARE gtk ol Ho] lar, F7HARI vl S dAHstE A v ES =
do=M o wEA & VIOL PAV 71k ool #g F& + UA 3

T o125 PAVy E527F Hagle FHo2 Qdl fdsts 2 dE5A ] Al

T B7eta B2 dl9 A 79e SR Aol 5438 AdyHa Ja 1 g

= of#fol &

52 0) 2538 PAV FolA% HEFEHPA oW =AF Pop.Up, $H A}, A oojZ A}

AEL 7)eA AH oz Fao] 1) R Fgo] Wolda §AEEo] Za 34
Z A o] Wolxtta #eky. Terrafugia TF-X+= 2 EZE(Tilt

O

T3 nlgog olF Al B TAH] o FHFHoEE
z+ wlsly, Joby, el A E, NASA Greased Lightning©]
=

ZEqolE FF £H0H5Y

. A4 versiono.ZE AL8EE=
O

Terrafugia TF-X

o TF-X+= 4 olzxo| 7lsd A& & v I/ 2 3 7tsd 3 FAE 2
=

e Terrafugiarlte] ==2F38 PAV<Q transition¥ &3 EF=27F dogy =253
oA nHPr == 3 A] HEZE(Tilt Rotor)E AFE3le] 2 o2 F o] 71535t
urA el VTOL (Vertical Take-off and Landing) PAV$} &) =2F3 3 F21%

ojluf zparell Fa7t 7hed S THAA U

- 2H R nEs 3 42E A E2FY Adi g RS A i

13 331. Terrafugia TF-X
%] httpst//www.terrafugia.com/tf-x/
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ol o] ~(Airbus)E T RZAE vl 1} (Vahana)o 432 Us AExE A4 59
IR AE plaltE oojB 29 Silicon Valley H-AlollA 9% on Adgtal
W= A=

T2 AE vlelE F235tE Zach Loveringd] w2w 4ydote] VTOL &3 79 A
A MAE F=ud oA olgta & ovksiu 337 8719 EHE ZEE A7) F3
@G 574 VIOL &37)7F 94 A, =3 o] &7+ st 28 weE S5
£ 7FA A oF 10009 ES] =2 33 7]
ol = gtold, deoly % ZiWelrt FE Folm=z HeojEo] 9l 3}
Hl g d 2o A Hlojd = Q&

IR RSl B8 AU BE 25 )
A

1% 332. upEh} TR AES] 37| Pab
= 2] http://www.businessinsider.com/airbus—air-taxi—uber-of-skies-2016-11
o o ] 2 (Airbus) A} Pop.Up
B s Ak, 27 e e AY BE, g wawgo s e =
HEZ 74" 35 582 7449
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1% 333. Airbus®| AbE H[E =AY PAV([29]

- 9 (Uber) At
o 2014\ 4¥€25d YAEDEAY Tof| EW $HEHIAEZA AT ol va W
ol 4 da’'e-1 duo]E Aul'o| A" =202037FA Z2FEAE dE
ZA, v dY s FEY2OA A AE2020 0] A= Fubol7kA] H gk A E

g} 4k

. Sule Bargdsl 2AMEHE 0169 109 Fe9s MEGD AL Ho} WEa
Ao GE Ao WA WA Ed WA FHANL SHENAY ErAEo
wHE E2e AR R dolvd oA wEAdAE T+ de FYI UE
H2E F=HAve vdE AAF

o gwe) Eorgsh wadel AT W &e AR fEold, o]l AE
BEA v Mg Row Wold Aojuy EUCPOE AE

CgME WA BHYs BAE A £A0RE /)4 488 FUAE Beos
eeEAOI AN s, SN AEAAATAZE 5 FPALAAES, EY)
454 A7) 919 deissh Frhole] REA7IAE 5

E
A7 E:
T (NASA) ¥} %%EEJXJlA}ﬁﬁl(NATCA)Q‘r =947
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- Joby At
* Joby Aviation Zg]E o} F AlEt= —?—5 ] HEAFE FAL Qe B 719 4.
2009 3 Joby Energyoll Al 7H&E Alof Al
Joby Aviation< &3+ 71A AA 2L A= oy
mj 3]A} ¢l Joby Motors ( ’“*o* 7] EH AA 2 Ax)E F3 AAY

7]’% ?'So]-—’ ]E HELO]'

o 23d% 1A ‘oL%ﬂo] Joby S2+= zx&3baL 37 zshARle]l A7HE Hldl7]= o
HEARQL FF7IHT 4L qUAE 8 R gt S2% o|FstE S tHAdS Fol
71 g8 olF 9 #AF Al oy U Z2AYE AMEEE Al A7 FF
(Distributed Electric Propulsion) 2.2 A& oA G/l R F7E&EEE o gHS
=Y a3 £ AdE dEHE Fol7] fd dFEEY 2238 E He

B

1% 335. Joby S2
Z7X: JOBY AVIATION, “QUIET, RELIABLE AND EFFICIENT! JOBY AVIATION PAVES
THE WAY FOR AN ELECTRIC FUTURE”

- A o] Z(Zee Aero)$t 71¥] T A (Kitty Hawk) A}
o T2 FEEAA Y #HelA7t HT $HAR &I NASAS  Fo(Mark
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Moore) HrARS] GHAte] G7hE wha A Zdl o | o] Z(Zee Aero)et 71H &
A(Kitty Hawk)&t 7 7 2EEY 719 S /‘ﬂ%
e ~EEQIEEZ A7} 7H%f‘f&1?l€—‘%

% 7
o) 2HE A8 3 =8 $A0lm £H02 o4 = AL, LA ool
440km

ge) gl zolaE pe FAE zﬂn WS uE £ 9L ARAS

Al+=100kg

13 336. Kitty HawkA}Fe] Flying Car

- 27 e AELilium Jet) A
o el AEZF 20179 AA 27] AFE ol g3 A wAE de

e
S 1300km/hol 4 2300kmS). LelE AE % /Al delgo] A%
AR DA & ASIIAE A8 WIE W £ 3L SAY £
Bode @ 5 Qe A AANA 2ol tgelush AL ej409] ol 1Ee )
e AL AP A 5D Do|A o] 7o)
. 4 WA EAJFKERNAE AeE Aes dele A Ausee o5
F e

1Y 337, HYw AE

- 0|5 2F=(NASA)
e NASAE B4 A7)F3% 8- 7] Greased Lightning (GL-10), LEAPTechS 7§4ts}
IS4 AWY] vEAE S48
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O ODM< ol &% Z=A4AE (MOVE)

- Modeling On-Demand VTOL Environments (MOVE)< VTOL-E ©]£3}% on-demand
air o] 5 #HH JE S &5t d 58S & Grand Challenge L2 A EE T3l o]

1__

rr

|
o

oFe] AT 3 A NA Urban VIOLE <&l 4 91©™, Thin-Haul %5 *3 s}

On-Demand Mobility= ¢&# % o FHLAS FA< d-dd d5F<4

AFE= 4714 ggorg ZRAEV UFo|d. 1) 243 7153 Urban VTOL #¢1S 7}

3}74] sh71 918k Ab, A2 ES O], Szt B i8S o YA R EA o] i 2= A
2) ThFs A Fol A AT7F g A o] sst=Aol #Hg FAS A7) 8 e FH
E golgH e #d ¢ o]F). 3) wE 4£8 g o2 Urban VIOLL Y S E3ts=

F BEHRAY BEE HUE 4) EAAGEEAE Fokek7] 918 frameworkE 2HA

- Urban VTOL <l ﬂ}L Al ATE 98] v ZX| ol ol EHBEIAE MElEF s}t

2 12 2457 98 EAD BAS 5
S+ FHE o9 ZA AHgsa vee] ZaH ol

3%79. OE M) st A S AlsE
- MOVE project & o] ool JALAAGA7E Al =gl W7 W 2 o) b & SAHTE
= 37E F UAEE Fo 99s TFeke v A (tradeoff) 45 AEF

1A 4 ¢] (Problem Definition)

o WFe] g EAA FF FAS vl AgEo] S w=le] 5%vro] of
TiEe &3 (McKenzie, 2013). At Al7] FtF w=mlEo] AlEolA =AI®
olsstE e AFE AEFHIL U5 AT BETE =& Aol AtgEEC] ol FstE
A A =gl wet B=A] aE AlSo] AZbskAl F7Fe Hete] wedE vkl A3
107 =A19] T2A =S 22 oo 18 B4 =52 ARG 7087 o4
S U AvlsheE 3o R e

o 2 FH AL FEAEANAT FFE F= o] oyt n=e AAdE
F F2 FFE F AN AdEEA, It wWiER SO dEgY =% 3
o2 Qg wE wd v]go] maoA 1] 12309 Ee7F drlE L = A
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_}\]

o e (INRIX, 2014). 2 AFOo2 s A5 wj717kx wEege] S}l
WA A9 om Aol mold 2 Yol Fbstn glovl, Y 107 o]
°] %56}% AFES B 45 90l O ot AT ARE e o E 9
s A% AN ABAE AY B FES BEAL FAF As WES

=07l 98l Az F Ve AYsta HAARE AFEsloF & A

2] (Market Analysis)

On-Demand Mobility, &3] Urban VTOLS && Ao AdH oz A2e A
TR Foksl. AAl oF 30709 IAME FE ] JREel A @Gl A o=+
Urban VTOL 7Hdel s7/H4 &2 Fabatil ol

T 759 ©]&(Ehang) “FHlolel A olo]l# =(ipad) & oF-&ste] HAAE AT @
d A4S 4 Asstd FA==ZE(quadrotor)E o] &ste] HA A 7HA] o] /‘]99
AgustaWestland A= &7 wlE&7125 Eole AS HHo= 3 HERY ¥
715 JWksk. AirbusAte] prototype vehicle, Vahanat dA 7Y Foly 20179

o] HIPAIE S o A &<
Ubere 20161 7FS @A & @33le] Urban VTOL 7Hk§% A A 3o A Wrol =
QEZ 2O w|7|7a 9 oA PE mue

i
ol
p
]

AL Q1 Flo] &~ o s 83 44, SRS, 2!
- A2 9 (Problem Identification)
AR Al A g A e Al et s Al 17} et #Alol Sl
Aow FAHJAT A 2 327 8 ¢ A= a4 < dzg JEYA
& Algsta FFske Al did Ade 7= aPeA &2 e o] T 579
Urban VTOL©] A4 A ] Zwo] dth= A& AGAt3]e] H5A7]= $HE
Grand Challenge Team< Urban VTOL

aEsE FAE e olE ATl Fu
Axetel HAE AE 4 FAH4IES AHstE oA AAHAE EF5A
Aol =& AFAY] FAATE ojrfolal 3 o
3 ool $1xst= Aol F&AE 9
=3 B2 (tradeoff) ST Ea& JALAAA
|

t 24YuEY By 42T+ LS ok 3 oA BEAE, A
Aol dge Tt Qe B Qv A%, 1w B A0 REH 279
2e g dd L Al AR oldety] A% AT FANA WolgE Wil u

% et 2 TR AT Folo

A Q ol Az YEGAE eV AT AbEEC] Ao g
Aol =A ol o] FAZ EAcity)dlXE ¥, oMIEAHS e A9
2ES ok Aol 8T A AN T B, AA & FHAACE
W ) BE F8 B3AY F ds e 5o sHAEg 2ad HolHE
TR 9 B vgew o ¥F F£oF Hriste B M wHe] ds =
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7t 719elA daste FiiE MEYA HolHE AMESte] pings 7IWHe R 7Y
e ARE FAHAU, o8 Aol AFAGAAY] 2] GPS loggersE AFE-
stA, 78 o8 AEAE ZRAFskE o] 2 Wielgt & £ A
A S BlE oA EEAQ Ao R TP ARkl = WHolgt &
. Ly GPS data$t Blugls wl Ag fAHolHE st FEd] vhddt
SH ATE R & F d= sHdE A US
Abdl AT BAS 9é], Grand Challenge TeamS 2011 Atlanta Regional
Commission®] Household Travel SurveyolA] Hlo]E|E 433t Atlanta Region
Commission(ARC)E 107} A9 R-E 3} Atlanta tHEA] X9 AF @ = JHR7t
4 713%s 2 2011d Aol A 20709 A 10,0007F9] 8F olE WE
Z2AE A zARe] SE A 2%F 53, 93,0007, 21,000t AES dido =z
FE A 5. olF Holy Rk ol g} Mi-Al HUEAel WA E o], Foff, 11§
AT et 2L Q9 BAH dHelyrt £ 7 Tk SEAST, obE
F71 78 2 7 Ee a5 gk ARV x3bE. ol ARES
2 ards Jfetst=d Fo3 AWyt H
?le] AHo|A At} AAE dolHE AFE3ste] ARC Household Travel Survey
S ZHHY3Z ol 542 Urban VIOLY + §%7F &9 oz AMgH T

Ay owd > o

g
A TgE TAA A 9A]9F @ F3AJCl A TA] Alol o] el Alol9] AlZEe] o]F o] E
E Abgste Ao Adedds. Y st A 93692719 dHolHE ZHE #
73117¢] delg7F Eks. o8 s olF dHe]HE Optimization and Candidate
Selection Ao A A ¥ = HA S AANA AHEdE EdY 8 a5 AAs)
=d AHE-H
A5l 9 w48 (Optimization and Candidate Selection)
Hlo]HE o] &3t A= t& F &5 UESAZE 2dd 3 vs wes

Pl debv a3 QA Bl A WA HEYAE 7Y B2 =g

I HA HEYAE 54 =5 o] 7]E EEAA Hgom ¢ ol
Urban VTOL HEYAE 9n|d F A YELAS XS npxete
FHv Az dddna 7pgE vES A 34 2dS At
= Atolf] ol FAIZES AlAtste] HELAR] uE &
7 EXCEL =X = AEo| A4H vz wEYAE ALEste] Z2AET 3
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8 342. Zones From Atlanta Travel Survey [58]
Stepl : travel zones?] x5 7|

v Atlanta °]F AZEAb= ol Aol AR olF HelHE Aed. G (zone)

= AE 550 R dB)ez AHod. o] A

A=

g ebdl. 4
7] Wi 7 4

FH S ARtste] o] &4

- 325 -



ko] W e Adgd dol AAEeE g R dAY AA A Ads T
Aol AT | ool o] EFA 2 A5 53 AV A dE =
of dF FEge AAFRES 4 HA2 ZE JHAAT 559 22 EEEE
gt RS HoHds e dEgEA H

v 9ol & FAIEE wAs] fE vE gugsE ol&ste] ynds AL
Zb gl el d9ES A AA FAH(bounding box)7F 2 H. o] A AL AL
T Dnortns Psouths Aeasts Awest = HAH, HEHL ©Ed] AA Ao FH o=
ALE. A7IA 7 BEgd RUR S 2 d9S A 9o R o4k sto] A
et A AN Alfbd 7t dsks ASAS ASE u o] e AY
A s

e Step?2 : =2 U EY T XA (Creating the road network)
v Step 1olME= 7]E9 =2 QxgE o]gdle] UEYIE TEJS. oA

Pythono. 2 #AH 23 HYEE T3 Google maps APIE AF&3tY 3= A3,
Google Maps API&= wg Rddg 2 AlEHoAS gt o8 7]5& A8
F A& 71Tl A, o] A elA = Distance Matrix API7} A&

API queries®l ®+ 715 Ab&ste A3 ##EE AFE Agor Qi HEA
A715 Ad 7hsd AR Fofokdh ol& HE 7 wm=e WAFE VFoR
o £97F A, o] oA A9 100719 wE7F e HE 9 %
99007 2] AP’} TEH. olE B3 # olFAlzte] Al wMEY A2 HAGH.
g O-D& Atol9] o] ¥ #aw “HE7e 1 AtolE A3k ek ALt

& oy

e Step3 : Urban VTOL HIEY = AA(Creating the Urban VTOL network)

v

<o~

<

Urban VTOL WEYIE Z=2UELI BAlR o=z Alxs @ 7o w5
o] vertiport® 7= o] =29 VIOL AH] 2o St} o] 83

=59 subset ¥ dturt AEEM o] vertiport Aol AElE= Haversine &
A& AREske] AlLkd

Haversine & 42)
_ Gy — @ Ay — A

GCD = 2R, .., * sin' 1)(\/sin2( 22 )+ cos (4 )cos (¢y)sin®( 22 ) (68)
Ropen = X7 $HXIB | 616, = B 1, 22l 9, A0, = & 1, 29| ZES o] @
7+ 2 radiano. & AAtE)

Arxte A B8y 2= ODM| o] &%= PAVE] Hir& e} oA e] Hat
P7IA S ALEete] AZF wjEE AR WSk A bl uhEl 7]E] Y E]
X =¥ dAo] Y42 F 7] "o A MElgAE == A dAo] A

Al AZre Aok 3 Aol w 24
Az EY 27 g EH MATLABO.® Eelot YEAES AT
% owmate]e] o]E3 gpEldE v LS R WA A LA FA o] ZE G A

>,
N,
g I

o) o7

b, WA, v e A AR e s ALt

e Stepd : F /MY WESL = ¥ 1w (Comparing the two networks)

v

Atlanta travel surveyE &3l o3 ARE T3] F /e wEA| =¥l traffic
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flows &dsto] vlash
v. MATLAB®] distance functions ©]-&3ste] z}7+e] O-D %9 traffics &3
e Step5 : EHZ}IEE A Ed o] A (Running the Monte Carlo simulation)
v Step 2,345 &3], Uban VITOLY| IS =& o8 8458 Hr7lela 1 &
AEol 2t WEA2He| WA= S BuAdk o] #AL> Monte Carlo
Simulation& &3l o] Fo] %

v oHA £ PAVE] Hit SEE dulstd ¥ F2 7w A= 4 vy

segmentol| Al thE A|ZFE 7L o] £ HgAto R e H ¢ 9low H
FAES R o] 25 Abo] o] AIRke] ARFES AT

Vo7l ARE ol ARl oWAR HalA s FEs ove W7l AR &9
Alzdo] &S ongh o] A7telli= PAVY S FHAINME 234

V T g o3l FAOAFHORE NEEE wEl] FUF WA UES A dnt
UGS FAE guE s AFAY U wold AgtE SR P =
AGAQ gL A FS F AS

v o' wr7l defojolst=A = M A wg- FaF UEYAS] A7Vt
255 o4& AAs7] oJH AR 7] #WEel Monte Carlo simulationg &3
Aol 7A wro FRYgS dHoR Hduste] Ay

e Stepb : FA 2] (Post-processing)
v ZF U ESIAE valsto] Algko] 3HASH HAIETE whA| 9 metric 232 oA
. MATLABE 33 <oz Aas JMP AZEYOE T3l scatterplot
matrix= T d%E
- %Al Al¥(Urban Planning)
o HAA AZA}, MH| A~ FFA ¢lZgk AdaRE AA Urban VIOL 7/AdS 74
st FAIY. o] & dxgk /A= Urban VTOLOA] Q1:ze} 7]HbS mpA &) of gt
o =Y JEAES AR MEYZY S Adsta st A8 S Jhds)of
ate, o] Alg& A G AE 5 wrsfobgt

- A% A%
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Percent of 'Time Saved

Percent of Time
Saved (UVTOL routes)

Percent ol “Time Saved

Percent of Time
Saved (LUWTOL roules)

{Entire Network)
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8 343. Effect of Number of Nodes [58]
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T12l 344. Effect of Vehicle Speed [58]
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Diminishing Returns for Time Savings
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40 e i
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Number of Developed Nodes
® Vehicle Speed: 124 miles’/hr, Wait time: 5 mins |
® Wehicke Speed: 124 miles’hr, Wait time: 15 mins |
+ Wehicle Speed: 186 miles’hr, Wait time: 5 mins
+ Vehicle Speed: 126 miles/hr, Wait time: 15 mins|

8 346. Diminishing Returns for the Number of Vertiports
Developed [58]
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[57]

K. R. Antcliff, K. Goodrich, M. Moore, “NASA Silicon Valley Urban VTOL

2

Air-Taxi Study,” in Proceedings of On-Demand Mobility,/Emerging Tech Workshop,

Arlington: VA, p.1-15, March 7, 2016)
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The Future of
Urban Mobility:

Technology Demonstration 1: 1
Unmanned Parcel Delivery
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Current Models: Technology Demonstration 2:
-BLADE Small passenger VTOL
-Helicopter Charters demonstration

Notional Concepts:
Airbus’ A3 Vahana Project
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O ODM(On-Demand Mobility)

NASA Aeronautics Research Mission Directorate

ODM Technical Roadmap Report Out

Mark Moore
~ Ken Goodrich

| Michael Patterson
. NASA, Langley Research Center
- Hampton, VA

Transformative Vertical Flight Workshop
September 29, 2016
Hartford CT

Quick Review: High-Speed, On-Demand Mobility @/

Mobility: Movement of people and goods.

High-speed Mobility: Mobility at speeds significantly above typical surface
transportation speeds (>>70 mph). Enabled by aircraft (air-mobility) for distributed travel
needs and high-speed rail for centralized, dense urban corridors.

Scheduled Mobility: Public transportation services aggregating the needs of many users
with the specifics of a trip (origin, destination, and departure time) determined by
service providers (e.g. bus, rail, airline operators).

On-Demand Mobility (ODM): Personal transportation capabilities in which the specifics
of a trip (origin, destination, and departure time) are chosen by the user.

High-Speed ODM: ODM at >>70mph
= Enabled by small personal, charter, and high-frequency commuter aircraft (Thin-Haul)

* Includes manned and unmanned (passengers & cargo; “piloted” & autonomous)
= Currently a niche market due to cost, safety, and trip reliability considerations.

ODM shorthand for High-speed ODM using small aircraft

2] 2& Transformative Vertical Flight Workshop conference A&

O SAWE(Society of Allied Weight Engineers)
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Effect of weight on range for
a jet aircraft

One of the more obvious influences of
weight on aircraft performance is the of-
fect on range. The classic Breguet range
equation is derived in most basic Aero-

dynamics textbooks.  The
variation is presented to provide a differ-
ent approach resulting in a similar rela-
tionship in terms of weight and range ra-
tios. Expressions have been developed
with subscripts of (1) and (2), indicating
the twe comesponding but different
weight conditions.

For constant C; and altitude, the rate at
which fuel is consumed during the cruise
porticn of a mission, for a thrust pro-
ducer (jet aircraft), may be expressed by:

daw,
- - (TSFCI(T)

or,

dW, = (TSFC)(T)dt EQ. (3-1)
Where:

Wi = Weight of fuel

TSFC = Thrusi Specific Fuel

Consumption
T =Thrust
t = lime

Velocity may be expressed as a function
of distance and time as:

ds
@Y
or,

ds
=5

32

ince
Where:

s =Distance

V = Velocity

into Equation (3-1) for dt
yields;
aw, - (TSFC) (T) (ds)
v

or,

ds \'4

aw, ~ (TSFC)(T) (%)
Now consider the following for level
cruise at constant velocity ( dv/dt = 0,
but is assumed to be negligible). As-
suming that the angle between the
thrust and velocity vectors s negligible
such that:

Thrust is equal to Drag, T =D

Drag may be expressed as:

. and

Lift is equal to Weight, L =W
Successive substitution into equation
(3-2) yields:

L
aw, = TTsFo) D)
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