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[Abstract]

In this paper, we analyzed the requirements for the application of UAM, a new concept to solve the traffic congestion in large cities. First
, the current domestic and foreign status of research and development related to UAM was investigated and the pros and cons and the time
required for each mission radius were analyzed for various configurations of aircraft being commercialized. In addition, in order to analyze
the market acceptance of the UAM, the individual's consciousness and reliability requirements were identified and safety requirements
were analyzed through accident rate data for each aircraft type. Because it operates in a densely populated urban area, requirement analyses
on noise and exhaust, which are environmental factors that can affect the community were performed , and requirements related to aircraft

performance, certification standards, and airworthiness standards of FAA and EASA were also analyzed.
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Table 1. Aircraft noise evaluation unit in major countries.

Classification .
Country Target o Unit
criteria

Korea Commercial Environment WECPNL

China Commercial Environment WECPNL

Japan Commercial Environment Ly,

Commercial Environment

USA

Military Regulation L,

France Commercial Regulation Ly,

Commercial, Regulation

Germany

Military Regulation
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Table 2. eVTOL PAV data for mission.

Category Vahana Aurora Volocopter
Cruise power 57.68 kW 83.86 kW 16.43 kW
Cruise speed 200 kmvh 180 km/h 100 km/h
Takeoff and landing power | 56.85 kW 47.56 kW 30.6 kW
Auvailable energy 67.18 kWh 50 kWh
Total time for takeoff and
landing (A, B, D, E in 6 min
Mission profile)
Total energy for takeoff and
landing(A, B, D, E in 7.61 kWh 7.55 kWh 3.61 kWh
Mission profile)
30
25
20
£ 15
E I H I
5
> rmm |1
Akm 17km 35km 50km

OVahana = Aurora B Volocopter

38 7. AFAZE 224(2H6]
Fig. 7. Total time for each mission range.
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Table 3. Accident rate data by aircraft types.
. Accident rate
Aircraft category/clss (per flight hour) Source data
Large transport 1x10°¢ AMC 25.1309
Normal Utility 1x10°* AC 23.1309-1E
Large public transport 48510~
aeroplane
Small public transport 5.3%10°°
aeroplane
Public transport helicopters 1.91x10°°
Non-public transport UK-CAA CAP 780
conventional aeroplanes 1.79x 10 *
<5.700 kg
Non-public transport 4
helicopters <5,700 kg 1.27>10
Microlights 3.1x1074
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¥ 4, 1E FHof w2 AR tfole{[16]
Table 4. .Accident rate data for transportation types.

Annual fleet utilization Normalized fatality rates
Vehicle types i i i i Average annual
YP Vehicle hours | Vehicle miles | Passenger miles fatalities Per 100,000 Per 100M Per 100M
(1,000) (million) (million) vehicle hours vehicle miles passenger miles
Passenger cars 50,300,000 1,510,000 2,340,000 14,701 1X(0.030) 1X(0.997) 1X(0.643)
Part 121 airlines 18,600 7,891 579,000 16 2.9X 0.208X 0.004X
Part 135 air taxi 2,100 375 1,500 18 29.3X 4.9X 1.9X
Motorcycle 600,000 18,000 19,800 4,809 274X 27.4X 38.7X
General aviation 22,400 3,370 6,740 511 78.1X 15.6X 12.1X
2) AN 87 B g5 oS glow Adteh shAN wiE e 7F dAe] Ann
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T, Qe Bl wE e 5 W2 9l %S = 5 vk
Passenger car vehicle hours = 50,300,000 x 10 1 wEbx] EAA| Ao 714 24 B 7| $Ee)| gigk 7] J7He
Average annual fatalities = 14,701 2 Ag3te], UAM -8l A& Jaks o Sshelof ot
. 14,701 _ UAM= 88 54 Aol ARS- 7hs 3 dlolE= 5@
Fatality rate = —————————=2.92x 107" 3) - . -

50,300,000 < 10
Fatality rate per 10° hours = 2.92 X 10”7 X 10° =0.030 (4)
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Table 5. Impact scores for each weather condition from

Hlo|HE ol3et 7|1at =
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METAR.
Weather condition Score Weather condition Score
Drizzle 1 Wind 20-25 kts 7
Rain 1 Smoke (<3 sm) 7
MVER ceiling 1 LIFR ceiling 7
Haze 1 IFR visibility 7
Ice crystals 1 Wind > 25 kts 8
Sand whirls 1 Sleet 8
Sand 2 Squalls 8
Snow grains 2 Fog 8.5
Temp < 0C 3 Freezing fog 8.5
Temp > 37.8C 3 Freezing drizzle 9
IFR ceiling 4 Thunderstorms 9
Dust 5 Dust storm 10
Funnel
Snow > cloud/Tornado 10
Sandstorm 5 Freezing rain 10
Wind 15-20 kts 5 Hail 10
Mist (vis > 5/8 sm) 6 Volcanic ash 10
Snow pellets 6
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Table 6. AEDT noise metric and specific weighting.

Noise family Metric Type Noise metric
SEL
DNL
Exposure based CNEL
A-Weight LAEQ
LAEQD
LAEQN
Maximum level LAMAX
Time-based TALA
' Exposure based %]}?:%
C-Weighted Maximum level LCMAX
Time-based TALC
EPNL
Tone-corrected Exposure based NEF
perceived WECPNL
PNLTM
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Table 7. Aircraft emission standards and method.
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Table 8. Aircraft emission reduction technology.

Category Calculation method Remark Aircraft emission reduction technology
Tier 1 Fuel consumption + Emission factor - Idle reverse thrust
3,000 ft or less (take off and landing) and Reduced flap takeoff/landing
more than (cruise) N I Flight - "
Tier 2 LTOXLTO emission factor X Cruise KOTEM’S operation Engine shut-down taxiing
emission factor X (total fuel Minimal use of APU
Us ec g?zgpgégéggigghcgg (slgpr;%(;g)and Detailed Rolling take off/ Intersection take off/ Stabilized approach
Tier 3a arrival CORINAIR NADP (Noise Abatement Departure Procedure) change
ICO2 emissions+other emissions(CH4, N20) Methodology - -
Use of total flight trajectory information. ) CDO (Continuous Descent Operation) enlarge
. Model capable of policy execution and Flight Optimized CI (Cost Index) operation
Tier 3b implementation in consideration of aircraft, FAA management P - P
engine performance, and track Replacement vertiport
L glem, o] ZRIYES 0]-8-8ko] ICAO CAEP 3]2o]A] Shorten route
G oke] MjETlael it Fajete ARG, 8% E-Taxi
o] &t} ] SHFAris AE T2 el y2n] 2 Performance Engine water wash
KOTEMS+ thi-8-2] Z71=3) npzb7 A & Tier 23-°|th improvement PIP (Performance Improvement Package)
Winglet mounting
3) $37) WA ks A& Zonal dryer
$-2]ueh= ICA07F 201043 374 &3]0l A o] 33 A 8] Al &S Weight Paperless cockpit
ZAolgto)| e} [CA0Y] &7 AFHS ZE3PHA 3 F79] management Potable water optimization
LTV~ 7S 93 o) PA B S -8t A} STt FFF N, Aircraft strip repainting/ Weight reduction
A7V g alo] =2 B Ao ol§) %S AR 71220] ©) ek
1 ‘“E;H Ten f; sEEsh Al ]] "*f S5 B9 HE 2l ujEY MEE S 27 xY
5 o Al o A A 78k . . . .
gkl 71t Oi_ﬁ—f E'_o_ 1ok whepA, ) A {L} dE71 Table 9. Requirements for calculating aircraft emissions.
(ICAO) B = A F-a--EH2(IATA) ] A3 9t &&7] 7%
A DA} w57 58 AESte] 17 837 o] H] 337%%, %t‘g—l‘}ﬂ’ Conditions Remark
AN, B FE F DI 71550l ta 172 v Information of the
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ket
ST Airport layout Important information to determine
weather and geographic characteristics
= Study boundary | Specify the boundary to be investigated
7] w717k ZA B - : :
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2 A Q= 3173l olaE x5 = AR ok} m) gl o Information of the track. Essential
“ oHT o o
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= o= R = . = = o do=
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Table 10. Airworthiness certification elements and requirements for airplanes & rotorcraft.

Assessment . . Catastrophic .
level or class Propulsion Weight [Ib] Persons ilhsoristo [JiE] Design features
| 1 reciprocating <19,000 0-6+crew <10°°¢ Wing-borne flight
> i N
Nomal category [l — 2. turbmfe or <19,000 2-6+crew <10’ Propulsion emergency - glide
airplane recmroggtmg
>
(Part 23 ASTM 1l - 1. turbine or <19,000 7-9+crew <1078 Few critical parts
F3230-17) recmroc_atmg _ _
> 1 turbine or _9 Common to increase performance with
IV . . < 19,000 10-19+crew <10 .
reciprocating more complexity
I 1 reciprocating - 1-5 <10°°¢ Rotor-borne flight
Normal category [l 1 turbine <4,000 1-5 <1077 Propulsion emergencies - autorotation
rotorcraft — - :
(FAA Policy statement 1l 1 turbine 4,001-7.000 69 ~10°° Many critical pgrts (cyclic, collective,
PS-ASW-27-15) anti-torque)
% 2 turbines <7,000 =9 <107° Low reliance on increased complexity
E 1. Uber air 218 27 =A E 12, MY 7|E R 7|eY 25 % =St
Table 11. Uber air certification requirements. Table 12. Final Quantitative safety objectives & Function
development assurance levels (FDAL).
. . Catastrophic
Propulsion | Weight [Ib] | Persons failure rate [/FH] Maximum Failure condition classifications
. . Category | passenger seatin,
Uber air | =2 electric <7000 | 3-4+crew 1x10°8 goy|p conﬁggurati - ¢ Minor | Major |Hazardous |Catastrophic
requirements |  motors
3 3 B} Category <10°*|<10°] <107 | <10°?
=0 )& = = 7= ) -
oo A Tolrh A71EH A e ATIETE N s enhanced FDAL D|FDAL C| FDALB | FDAL A
=S o Hrs)l A3 = ABEs)aL o|=71=% f -
= FAAT ASTM ]7Ha%-—ii 3FEE7] AST7IFHLSA; s 10 =105] =107 | =109
light-sport aircraft)< =28} TH33]. FDAL D|FDALC| FDALB | FDALA
-3 -5 -7 -8
Category 2106 <10 <10 <10 <10

1) FAA basic FDALD |FDAL C| FDALC | FDALB

FAAT Uber?] UAM “3-8-3} 535 2 M|A| F=A|o] e} 217 0iol <103 <10 <10 | <107
|l B 1T e 2 2418 918 B ATE A TDALD|TDALC| FDALC | FDALC

$131, 2018'd 8-€ol| Small airplane issue list (SAIL)E 53l & 107 9/M) YA 7 =0 2 7335 AT 33]. Category enhanced 2]

15710 8 8A5S AASHTh 3 1090 Part 23 ASTM 739 g9 gk v 9 #AH-S Weljele g 21
F3230-173} FAA Policy statement PS-ASW-27-155 35} catastrophic condition®.2 7F5-5}, category basic®] 7%, &
3y 7)9} 3Kl 7)o gt 7Fakel= 9 ASY QFF S F719] nA 2A5S WSk 271 catastrophic condition
ERARATE Ubers= 05 53l, Uber Air =82 9J3H 5 242 2 7H3,

A& 32119} o] A7l B olakqleh 37182 2 7] Fx10]

™, catastrophic failure rate<> 7]=2] Part 239] class 11l 33

= 110 T/FHOIA  1x10Y/FHE 7Rl ole v. 8 2

Fly-by-wire 2} #-2 353H5h A| 8-S a1t 2 o =2 ket
W Erel e U WS EAIE s Es] f1%

2) EASA Sl AERE 2ElE] (UAM) Ad S Alel 28817 9]

EASAT 2018'd 109, CS-239] special condition & 1,814 &) @3k @ 12 Balsigiu),
kg (4,000 Ibs), 5%1%°F ©]8} VTOLe th3t 7]&7]% 29k 11 UAMe]| ARg-E g2 1] A= eVTOL PAVe|H, 7|&
Al8FaL, 2019'd 79, ARIA o)ZE vkl & 123} ol o] a7 @ Al A7) 2 =757 w)iol] 341 F&o] =11,
HZbE AT 34] a8t w7 7k Ak vl o] e Sl whalof whel 5

FHERE MG 3,175 kg (7,000 Ibs), 915+ ©I5h= & 1, P& I/, WElFHP O R Lhs S glom, olo] 2
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