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Establishing a Safety Framework

for Successful Early Introduction of Powered Lift
Hi-Seok Yoon'

ABSTRACT

The FAA's final rule for Powered-Lift provides legal and institutional basis for pilot
certification and operations. The FAA is preparing to enhance operational safety by
establishing Airman Certification Standards(ACS) and utilizing Flight Simulation Training
Devices(FSTD). However, the first eletric Vertical Take-Off and Landing(eVTOL) aircraft to be in
service are expected to have a number of safety risks in various operating environments. This
study introduces risk factor analysis and safety management measures for Powered-Lift to
ensure safe Advanced Air Mobility(AAM) operation in Korea. For the success of Powered Lift
operations, preliminary studies on Single-pilot Resource Management(SRM) and  Specific
Operational Risk Assessment(SORA) are required. It is propose to establish a safety-oriented
Powered Lift operation system through Simplified Vehicle Operations(SVO) that combines
human factors and automation.
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Table 1. Korea UAM certificate plan

At BE | RS UAM B3] ASAA 7=

7 7|7+ 2024.6 ~ 2026.1229 7719

AT BoF | 28AA / IFAA / A7 [ =ARE

28 A Us He W
WA= A A 8 A

23 A<

AA5]e)(d23)) / EH2loEI1E 13)

Source: Korea Institute of Aviation Safety Techn-
ology.

F37] S0l 7IeH oz AIARHOR TR 9FA 9l
I 483} 75430l &2 Powered-Lift 3570tk

2 A3 AE gigtel=olA Powered-Lift 3%
7] 27] &Slo] =0 T AR} npRE = Qb
o ZAE BlEE 282 AlESH| flstolAs A
o] ofwgt b 2tof thet FH|et A dagt
7¥ehe WA =ik

AT L FFFATYS] JOBY $4 AF AR
T} F3obA7]&U9] Table 1 tigHHI= UAM Q15 A
oA =9 521 UAM 8A4A B/A % A+ Aol
ot} FARIe] WEHSHHIDI, in depth in-
terview)dr EAA 15 EZ(FGD, focus group di-
scussion) W& 7|x& 3dlo] JAEE Power-
ed-Lift 3 919 849 obd thadg Asilch 1
g B 34 23 AT ARSE Farsto]
Powered-Lift &37] A AA +HS AT 99 &
A B4 4] BokS AAISHAT

II. Powered Lift 41} 2g 2l

gl

2.1 Powered-Lift o[t Al

ol
|l

ICAO Annex 1, Personnel Licensing Defin-
ition°] W} Powered-Lifto]l tidte] ‘23 71& 7]
F M= ohaat 2ol Aot itk

'Zola57] 7 (powered-lift)"'2t T T2 A
o7 FEEE PR B X Qof FHe
doj Zo|5F, £AHE 9 A&H|F dl= Ao 7ts
sh, Uy Fol= FJHSHA] Y= G0l Qoo
FES A= F(H) TS 7](heavier than-air aircraft)

£ oot

EA

Powered-Lifte] ¥¥2 19679 A H|YPo| 453t
‘Harrier 34712} 19899 A H|go| Ad53t 'V-22
exxal'ey o 4= Qlty. Iy V-22+ okl 7]
=4l ZAZ 2007¢o] EojAjof Filo] o]FoiA|A
= Qi o]F 3 Qa} 1AQlo] o] ¥ A FHow
Turboprop W% 2E £87] /E2 A% olF
ojX 1 oy RIZt AhEC R Axd Ve EA4
& Q5] AA= Ut

19974 1] AFFFHZ(FARZ 2TA A4S |
ZF2 Powered-LiftS 7Rtk 18|11 20144dol=
NASAolA EAP7]583XI(DEP, distributed ele-
ctric propulsion) A|2#lo] 7f&E o] eVTOL 7]
o A-g=]7] AlZtsiSiTt.

I8 u] AYEFFH(FAA, Federal Aviation
Administration)2 VTOL, eVTOL F&i] F371&
ICAO(International ~ Civil Aviation Organi-
zation) 2Je} Zo] Powered-Lifto]] F7I5F3th.
FAA9] #7g0] @2 Vectored Thrust(tilt-rotor)}
Lift & Cruise ®W#]o] obd Multicopter 4|9
eVIOLZ =HH|3Y Alo]l @7l Fgo] HAYsHA] o
B & Powered-Lift2 £50A] %1l E4EF 379
7](special class rotorcraft)@ E5=0] SFAR, RIN
2120-AL729] 82 oA g=rt

Table 2= 14 CFR §61.129 3] U= AFGE
ZZAHCPL) B& #E 87A0|t}. Powered-Lift7F Af

< T57] T5category)2 EFHo| wiet T B
<= HALE F 2ol A FHEI. o714 F
H| A7 H]5719] 250417+ A-83em PIC Azt
2 5041704 BAQ7I9F 22 35A17RE AESke
4o UA] 1547 “C5F oY Hou|y

Table 2. Aeronautical experience for CPL

ZF{category) |  HI37] 3]#9)7] Ii?fz?’isi
B4](class) ohl/oh | AEEH N/A

SH(rating) | 861.129(a/b)| §61.129(c) | §61.129(e)

Z BIPAIE 250 150 250
1.58337] 100 100 100
2. PICAIZH 100 ] 100 100
Hg7150+ | A7135+ PL35+
3. ZHHPAIZE 20 20 20
4. Solo ¥vI% 10 10 10

Source: 14 CFR §61.120.
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27] =4 A% 4 AA 91

A(FFS) AR tiA7Fs otAl Frth ol o]
Powered-Lift ¥ WAL} AT 27 #2=% A
9 o] =3} eVIOL WA a4 &5 MF
Al A=A

Powered-Lift ¥871= Sa(classk& AAsHA &
otk Sfvshd A F<91 eVTOL 35719 HEf7} ot
ot A 9 & EAf Uit 35 583t o
7] diiZoltt. 181 2FAF W F5517] HsiAe=
eVIOL 33719 22 9 v|g) E/do] dAsIA| g2
u= 7¥zo] tiste] A5 (type rating) A4 5
= F5ofok gttt oA tfetiAE v 524
¢} 229 9| Tilting 714S BRE = Pow-
ered-Lift TV 718 W 2F HoA &
< 9% 847} Sitk

2.2 Powered-Lift 28 QI 24

Table 32 Powered Lift 23 A] A== A8
aasoth @4 ALRAF S =] eVIOLTF
715-& Beta Technologies ALIA-250& A|QJslal=
A3kt AAE s 2F40] shel HAXRFA
S3KSPO, single pilot operation) FEHIZ AR
o} SPOE 271 9T 23 Al 7€ F871%k= ot
E rd A 89S % Qth

o HIPRZTHA 9 ARG AA] £ B4 gt
AESAZE 99Tt HIY ARl 2= %S W vk
FA A718AS S olEA & Aeold H|Y 7]
Fo| Aol AR BHA Hrt. FAASIA = ol§ B
str] fIgt HRFES AlAlstal JAIRE AlEH olE o]
A9 & 73} Qo= AA] Wjto] ESAY HE

Table 3. Powered lift operational risk factors

Ba H| &7 AFE Powered Lift
o) =2 53 o} SPO
Z= g/2H = Inceptor
e & ro?;tti%n Autzgrﬁ)t(;iion
of5 e T =%
Az AVGAS | JET A, B | EolHi=z
oju) | VER | 30% 208 30 > 208
A% | R | 458 305 45 > 308

Source: SFAR and Joby aviation.

3 ARYE St
ARE 2F A9l Inceptor’} 2FS 7 st=
FogA HAEE =Y § Yo o= AHF
S=3} Alzto] BasHA Hrh

FA =T = eVIOL 37152 5
EAE A v 25 Ele S ol AE Aol
U 1= 83 5EER9 A7 ot € E=
Auto rotations A E{sfjof Sh= YIF AT = 9l
o} old WAlx UF 7hs Iwrt Rlofok sh ZpA|
AL Qb Ag&n §R) 9 Bl AR EAx
2= ojof gt

HEZE YT A| G4 714 Wit &30l 9%
S W= t=9] Rotor washe 302 QPASH &+
= AgsHA "ok

eVIOLo| &A AMgsl= gl e 34
BHe] &3] Ferslth. 181 g5 $4 Al WYsk=
g= AT #AEE 8= ot 1ARE A BE 7}
St HiElE] 87l dH|dR 20~3089] WY &
A= 34 35 712 o g2 A 54 gEE 9

T et

Ju

2.3 Powered-Lift Cockpit System

A7 F4 QAT AP FU eVIOL F371E9Y
Cockpit System°] SN =A= LA T& +37H
9 847} St} Fslel Aol SFAR AL
TAolt}. 8]y z7]of VFR &3 ¢5=2 vlgsia
Fe Al S Aol daHo|E 7Hsdr AlAdolch
&2 Joby $4 AlEEES 7|E0E AFTH 2FA
= o AAEE 8AE B PdE g 2FAL
A& 4944 AmErt

2.3.1 Inceptor®| 7|53 X2

Fig. 19] Inceptor+ Side-stick 5 &% 942 &
A A9ke mIoks A9 Jlidoldh. dA dhERe
eVIOL &571= A Alojet st 7|gto = 2|3
2 z&o] 7F53t F-35B(FA0|257) Y] =& &
ARt InceptorE AEStaL Ut

Joby S4°lA4 9% Inceptor HIF Alo] HFEl
HHE Adoto] REY s AT EH A E
FHY Al FF71Y olF FEF Aofchks AR
7162 3tH, 2E% Inceptore AAIE BHY %=

e
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Left-Hand Inceptor

Right-Hand Inceptor

Mover
Hovern s Y 2
speed \

Whinagh

LHI Movement RHI

Longitudinal| Hover Up/Down | Fore/Aft

Fore/| speed (TRO)V | Lateral speed |Left/Right

Aft | Aircraft FPA2Up/Down| Fore/Aft

IWingborne]

speed Roll Left/Right|Left/Right

Yaw Twist

Speed Select Switch | < Auto H| Level Hold Button

Source: Joby aviation and the air current.

Fig. 1. Joby's S4 eVTOL Inceptors

o WS Aottt AP3E 918l Rudder Assem-
blyE Qlofil 2EZ Inceptors TwistAlA Yaws
Aojgitt. gt #F7101E 7l eVIOL F371=
Rudder Yo 22 BFo|3 PedalZ EAZUCH
33 Inceptorg 5] FOoH, FHHQ SHIY
FHE FASH A4 A1 WA 7)50] Sk

Lift & Cruise 491 ALIA-2509] 2.22% Incep-
tore ARt 7]16-Z 5t 9% Inceptore FEFE
o] SHE B fH 7|53 FARIH.

AEZQl vg7|e}t AefFE= 253 Alo] HAlo
g2 FUsich 28U eVIOL F571= 4o wh
2t ojb AL o 23 Aol WA 4 28 EAS
2 =t eVIOLE: 2E5E7] A AA=AAE, &
g 2%o] ofd v A 239 BIE 2FA Al
28] 715 Aot dEie] Aol 2F0] HA &= = 3
ot 181 A% 2Fe] SRSt 2FAE =

480] A7he WAz Wk

)

¢

Ol
o

2.3.2 Touchscreen®| At} A

14 CFR Part 194, Subpart E, § 91.409(e)-(h)
FEo| A Powered-lift Fa571= “2FAL} o AF

1) TRC(Translational Rate Command) ZHo]&=w
gAY ¥y 2 £33 Z5 75E ¢ TRC
733}

2) FPA(flight path angle) H|&3=7}.

B AIAF Zho] H|FY, 9 B A WS S QL
= ARHoR XHE AAR T “He PFD ¢ ND3)
83 Fly-By-Wire Al283 Auto- Pilot& 2+& &
2] BIgY Ao} AAR"S ZEFeofof qittEty 5
o] ot o] 4ol wWet eVIOL 57152 AH A
7] "aEgelg A FRAA 80l g
touchscreen® @ A4t

o|AL A3t AFAoln FHHRN AlAH 14
o gElstt}. whde] G Qth. AA|, EAATHL
Uit 2FAS &7l 7159 IR wot HAE o]
7} 3334 4 AUtHRobinson et al., 2012). €4,
HAATHY 45 2GS o £ HJIgwo] A%
AL 9lew, §3] tAE E= 7|59 thi} o]
AU A= 7Pte] e AS AeE HAE 7
o] =tHDodd et al., 2014). AA, EAATH AL
of thet 7 583 Fd EAl= st gt IA
B H=th AR S =9 E8 A= Qs
25 Aol @FE0] o1 At Hojd 5
QltHAlapetite et al., 2018).

71& 37 2F4H9 294, HE, Knob 52 &
2t S /1Y RFE EolaA FH), 271, HiA], 37t
A% nEsf A=A 18 Al gAE o]
Sofgt &gt 222 vl A HA; oAM= A
9 7S Y 4 Uk e Y A9 © E8
she W3 & A HEZF ERSi

lll. Powered Lift 2tM 2&|H L=

3.1 Powered-Lift QM 24

Fig. 2+ 3A71aHolA 2783 UAM Fd &
FAA N9 SAE AFAlelnk =l Powe-
red-Lift @F71& THste] 23517] flsliA= FAA &
ARIZ(TO)O st FAZHSAUTCY, type certifi-
cate validation)} Z3SH(AC, airworthiness cer-
tificate)= XIsfioF gt o] IAofl4] eVTOL 7140
gt 71ed AT Abm SHoF LT AEE Ve
A HE 9 et 23 T B SARl gk oF
A WRte] HESL =1o] 8Erh

+8/MdS ™l fIsiAs WA FAA SFAR,

3) PFD(primary flight display) FH]347].
ND(navigation display) IHA7].
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7] Z9E A% A AA 4 93

UAM/OPPAV
AT 2TH A 7R

28714
(1~2tHA) (3EHA)

Air Space ZH(UTM)
(35HA) (3EHA)

x| 2871E
(g (A2 AR

Fig. 2. Safety operation system development
(Source: Korea Institute of Aviation Safety
Technology)

3} Belo] Wasich o714 cht 94 AW 84S
setste] S1EB7t Z1ute] dhakelEe] Aasti ok
3 28 Az Ezo| AHElolof T

3.2 Powered-Lift 3 HA % X4 1=
3.2.1 AIZH(0|E 7|8t 3 HA ==

14 CFR Part 60> 2R FEFA] 2719t 471
A4 Ho 9 Apgo] Hit -golct.

FAA 7|29] BB EAXR|(FSTD, flight simu-
lation training devicel= Motion®] Q= HOJH[
ZA|(FFS, full flight simulator) A, B, C, D 55
Motion®] @+ HIBEAZA(FID, flight training
device) 4, 5, 6, 7 58°] Ut FAA= Powe-
red-Lift 2FAF A4 53} FA) A4S 5 =
Simulatorg FFS “C" 545 oldez #4837t D’
TES 58 23 AA T FAE 1% Aotk
4Rl EAE A= FID 76339 35 &8
o] ZAAAolxL F&Zolet wrhEr,

T Y AlPFRoA Holsh= Hom|A:
‘C 5EY 8 e AR AA A 35
H(upset prevention recovery training)= A|2JsV
E 7]50] 7hsdlof gttt 121 BIREAYA] 7
T Motion©] §li= AJEolA FFS “C'et fARE &9
o] 7Fsstet.

Table 4= FAA, Powered-Lift AFE-& HA F
S ol ZOu|YAX|(FFS) HAL 23 E=lof X
of g EFAAEFTHACSS E4gESoltt ol
202 Powered-Lift ARANES 2+ eVTOLY AA
4 & 54 181 22 9 8|g) E4o] APsHA H

.

ol oL o

i)
L |

)
2

jus)
-

Table 4. FFS emergency operations for CPL

A | Powerplant(s) failure during T/O thrust-borne

B Powerplant(s) failure during T/O
semi-wing-borne

C Inflight powerplant(s)
failure & restart multi A/C

Vortex ring state (VRS) avoidance

B Approach and landing with
powerplant(s) failure

Emergency descent

Systems and equipment malfunctions

F
G Emergency equipment and survival gear
H
I

Dynamic rollover

J Recovery from unusual flight attitudes
Source: FAA-S-ACS-2.

FEANE HsH "ok

Table 4°] eVTOL HIFEARl AR FES 25
| Hg7Io A= 71 £71%do] CRM(crew resou-
rce management)= 5ol 2ot Uke A H
WotH, o o gt 2FAF T 2HSPO)
3 o] At ok 9 290 WiEShL US2
ot 4= 9tk I1#ER Powered-Lift 43715 =Yt
of &= AESH o oA GLRZARAETE(SRM,
single pilot resource manage ment)E 7|HIOZ
3 QPARE AlEFOlH 9 AAL 28 AAS 44
o] Powered-Lift P& 239 4 847} Hrt

3.2.2 Powered-Lift ZZAI =7| A4 20 2 H
EXAZE(ACS)

14 CFR Part 61> ZFA, Bl¥uydt 2 A wd
o] A4 F7 Hof € ARge] T3 Yot} FAACIA
Powered Lift @371 27| 2FA P32 HJoiA= Al
ZRAL w3 2EAIR} FAA 152 B96ks AIE 2FAL
E= 2FA A9 9718 HAAdoF ke dhaekd
ZF=THASI, aviation safety inspector)o] ZHoisHA|
], o]5o] 27| 7H W IE(initial cadre of ins-
tructorsye Gkl AHAS FolsHA =k

FAAE 2023.11¢¥ ZZ9] 214 S0l disto] A
3t 71&2 93l 671X9] Powered-Lift BEAASY
(ACS, airman certification standards)& °F=e} &

o] dsto] A
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1) FAA-S-ACS-13: A7h8 WA} H2R1Z
ZH(private pilot certificate ACS)

2) FAA-S-ACS-2: AH& % #2445
(commercial pilot certificate ACS)

3) FAA-S-ACS-17: @58 98 % 343y
HEEAAZY(airline transport pilot certi-
ficate and type rating ACS)

4) FAA-S-ACS-3: AI7] 378 #=AEST (instr-
ument rating ACS)

5) FAA-S-ACS-27: B3 n¥ Y E2A14
Z9(flight instructor certificate ACS)

5) FAA-S-ACS-28: v &-A 7|5ty wA;
FEAZEZY(flight instructor instrument

rating certificate ACS)

EFAA S o] i 91 IE Powered-Lift
9] VIOL, eVTOLOl that thefdt 93 AhS AR
A= S5HATE FAAE 67FA] ACSE Bt 3%
Powered-Lift 29 g+ AZARI AJF 7|5kt <k
A 9] 712 AT

= Powered-Lift F57|9] 27| Eo] SH=H
H|g ASEHAES} QlF A} 1Y Fof ofd T35
AldRteE B 718 7ol 27] naRSAL AT =
< 9ol FAA BEAATHAC) T ARAL 3 vy
dS Fxst] FU F 0 v #=2AETY

(ACS)9] A4t ok Pe] Aof9] Bt ek

3.3 Simplified Vehicle Operations 7H&
3.3.1 ZtAstE 37| 2&(SV0)Ql e

N FA eVIOL F57159 55 2A 2ot

|
gt BA B ZHaolel AREsiont. Tyt

3te} ApEste] Ftolch

20199 LRIFFARAAS(GAMA, General Avi-
ation Manufactures Association)= 7t45He &&&
7] 23KSVO, simplified vehicle operations)ol]
3t “A Rational Construct for SVO” 24 @3S &
o )14 40t ApEIE ARt 1HAskE 28AAH
O AFEE ol WREE AAFIL.

ESF GAMAE #HIRtCE thgat ol ARt

AR T EQ B2 ARG eVIOLS HIY g9 H
3 Y/EE= A 2ollA AT AlojEE AlEsh]
A3l od FE=E HAsHE 71H] 28 S LAst
I Qlt}. wEbA FAAE @A F=isto] ol=fst 7]A|
9] 8o Q3 IAFES ST Hgol= A
o] "&Zo|tt, IHER 7]& General Aviationo]
SVOE St &4 7P &5t X3l Al 9l
T AESE F71FeE &Y 4 SIF Aot

FAA= GAMAS] dXE S8sto] 14 CFR 6l.
64(e) ZoHYEH W8-S 7IgopH, SFAROl th2at
Zo| dAgsiar Ut AEEe} 1A 240 By Al
£ Z2gsto] 2Z3APE FS6lok sk 71e 2 A4 nS
9] F& EY & e AT 57| 2FHSVO) HH4
0 29] Hgto] IYHrL. oA T Ao A2}t dd
ZFA S ol= 2FAAPowered-Liftoll Al 37+

= =% 8|3 AUSOE, supervised operating
experience) 8719 tiA ®jto] & 4= QJr}”

SVO= 2FAR}L AAs3dkd 337] AlA" 7] &
A 58 TIE B 2T T B vl A”elA
B XTAET B 22 I AEEE gHeES
Sz Aol

SVOE & g5t Aert d5HE &4 39
tjsto] 2FAR; 23RS E3E Eo)al AFI=E o
A 7rsoHA TomA ST HAA 30| Ex
£ YA gtk

eVIOL 3371 39 2F HH# A& H]
Y Ao} 28 AAO] Al H-&9] iz AAEFA]
9t QFA/gdo] HFE|ojof stE=E 4Gt 7|7to] 485
Al "ok JHEZ eVTOL 282 7|1& SFAAE o
27t 7h48E T AAEskE 23] 3 BAE AA
AT YolZHA Hr

3.3.2 £ 28 YT=HIHSORA)

7taskE 57 LHSVO)yE sl &-Lsk] 9
e EX 23 AT E=H7HSORA, specific oper-
ational risk assessment)@} HaYs|A =3Flof T3}
Zolgkal et

SORAE 20199 8 FRIAARSEAI )71+
(JARUS, Joint Authorities for Rulemaking on
Unmaned Systems)ollA] 7f&=o] =23 FQl 35
AAENUAS, unmanned aircraft systems) 28 &



Powered Lift 57| 524<I

T & = AEE Hrtoto] A1E 518 = ol
2 Hrhe FR17]] ghote] HgHE FRlok= A4
ot @ 11 E8EE gl e 1E 5
o QFd 719t eVTOL 28 QP W7t Alaglogw
A= SlTh

Table 5= 14 CFR 1359 &4 5= 107 m|gteg
2¥tk= Commuter?t 53 3710 &dl= HIA
7] AElFgE 9] 201849 At 387 3ls=olt}. eVTOL
o] AIRER] ggtons 29 B4, H|F EA]
fARRE dEjgE AlardolHE xokal v A
2 JHEste] B4 239 AP EBE7HSORAE AAlsH
LA ES =g e i

Fig. 3 7H43l3t SORA AAt 213 7golch

- eVTOLOA] SORA BAH4-E AJA] -

1) 29 7id(CONOPS) A9l
eVIOLY H|g H=Z, o2& AH, & 4,
AHF3F AlR; & A7gth

2) A4 Y9 H7Hground risk assessment):
T4l A oA 9 QI H, ol HE R4

aEste] AF ¢S 2HTT

A8 H7Hair risk assessment):

F57] 4 EERY] FE 7hsEE B4

g Y wEgE a=iith

Z2H(risk mitigation strategies):

A", A B 7s, 234 &9

it
o

o

3)

N
Y

o
I
ol

4)

l
of

N o
)
;
BO

Table 5. Non-Scheduled Part
(Helicopters), 2018

135 accidents

[] Fatal [] Non-Fatal

Defining event Total Accident

1 27] =4S 913t b AA =4 95
SORA | specific Assurance and Output: Operational
Integrity Level (SAIL) Safety Objectives (0S0)
Ground and Air Risk
Class SAILVI
Input: SAILV
Concept of > &
Opgmti:ns Mitigations SAILIV
i
IL SAILII
SAILI

Fig. 3. Simplified SORA process
(Source: CEAS Aeronautical Journal)

= 2ot AF A5 e H8eitt

A BE 9l AN $£2(SAIL, specific ass-
urance and integrity levels) Z24:
eVIOL % ¥ 58 o7l 5328 &Rt
of Hrlsty a3t bl 2AE B3It

6) 23 FA EH(operation safety objective):
SAIL 3t H[3 AU 9F & Low,
Medium, High S&°l tdst] 91 52
AREsial #ejste] 25 Qb BERE St

Am o

5)

71931 SORAE B4 B7HE 919 943t d=fht &
T QPd E3xo| disto] Q1 249 A3t 94 F ©f

-

L %2 o noste] WYE o B4 IA 4w
¥ AL AR ES Fxote] (AskE 3] 27

(SVO) ®<t= mheidit.

Table 6. The Top 10 leading causes of fatal gen-—
eral aviation accidents 2001-2016

1 Loss of control inflight(LOC)
i - 3 ]
System malfunction(non-powerplant) 2 Controlled flight into terrain(CFIT)
Loss of control-inflight 3 | System component failure powerplant(SCF-PP)
Abnormal runway contact 2 4 Fuel related(FUEL)
ki d ined
Low altitude operations 1 > Unknown or undetermine
6 System component failure non
Collision with obstacle (T/O & L/D)| 1 powerplant(SCF-NP)
Ground handling Il 7 Unintended flight in IMC(UIMC)
. 1 1 :l 8 Midair collisions(MAC)
Loss of control-groun 1 9 Low-Altitude operations(LALT)
Other 3 10 Other

Source: NTSB(National Transportation Safety Board)

Source: NTSB(National Transportation Safety Board)
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3.3.3 223t 57| 2Y(SV0) HE

Table 62 NTSB2] 2001-20164 Afojof 2:yst
General Aviation X84 Alx 9121 107}Fx]o]ch.

Table 72 SVO 152 9ol 53t 7|3, A
IHFE, AE, AFTo] Bt dA] EAHo |tk

& 7T FAATE RFAE dAT Asst 4
=7 YQavt Joof| s 2FA AES 712E EF
g FEE F S5AS At 2FAF T AAT 12

FEoIot. ASAIHET = AHH AR 99 ARNE
ZZA IH(75%) E AIAF A9 7]EF fjlo2

ot & AlEslotont. ASALES Al 7t g
o gt Afal wiE.go|c)

Ao =X CFR 14 PART 91(¥ulalg-e3)) ¢
PART 135 (Commuter?} F2% 23)olA &4
+% AtaHelH R Tl AdE TReAlE A8
Stof A&t A3t glolh

ol2 Ef|g ARE3E 2004-20139 Alo] FE%(on
demand) Helicopter 2&of tigt 2|82 Hd Al
22 A7 3.75x 10 Coltt.

Table 79] SVO QI5= 93F A= 2712 2FAt
71l digt A AFE £ Hr6ke o AR
H & ot &3 SVOE Aok eVIOL 38719

"

AT

oo X

%

4

Table 7. Reliability requirements for certification

E3AN71FET | ASAET | ASALE | AR =
Aircraft handling LOC 47.0% | 1.76E-06
Navigation CFIT 11.0% | 4.13E-07
Aircraft system SCE-PP 8.0% |3.00E-07
emergency
Systems FUEL | 6.0% |2.256-07
management
Preflight SCE-NP | 4.0% |1.50E-07
inspection
Decision making UIMC 4.0% | 1.50E-07
Detect & avoid MAC 4.0% | 1.50E-07
Takeoff & landing LALT 3.0% | 1.13E-07
Planning All others 3.3% | 1.22E-07
Terminal =1y Gihers | 3.3% | 1.226-07
procedures
Taxiing All others 3.3% | 1.22E-07
Cockpit
ockpit/passenger| \\ er | 33w | 122807
emergency
TOTAL 100% | 3.75E-06

Source: GAMA SVO ] 2341 I 75%)

AEIE gt AFole AR 5= St

E4 Ataze] digh Al et AREE Bof A=
EAE 2F3A 7T 93 Y 9 T2
N E 53t P Agt eVIOL 5719 SVO
Al2E QS HE Ao o] Hoh

SORAE= A Hd 71& 2 AF #eo] &8s
T4 £ 2 S BAsty S HAadleke A
= = st Stk
SVO+= eVIOL &37|9 ARAR kel 54
Fol 2FAR} 28471 /1A 840t AFE3le] EY
53 eVIOL ¥371E Bz Festy 28
raslele o s F1 Utk
J3E22 Powered-Lift 37 7] =U& H%t
A FH STAA FEE AoAe BF 2 AE
EB7HSORA)S} 7Hashd 387 3HSVO)el A
= g0t 28&5k= Zo] AiHo|tt,

o|& 53f Powered-Lift &37] 23] 3} 7
Al/do] Eord ZolH, 7kAskE 37| LIHSVO)S
n| T UL (AAM) Al Ao = 717 9Jst

of 83 e FHIBRe B4 To] =) ek

tlo o o

v.d &

juid

flo

U vl 2L EAAM) 232 AR B
FTAEY 7IHES ofF AR 2-39 =oE A
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A& E=ol7] HoliMe B FF Y AR
J%=9] nFiT} SAo EEZAASTHACS) 7Hdsh
HOM|PEAGA| oA 9] FESE ST g HAo]
Zasitt. 2|3 A LA A *FE E
gst7] SlsiAe GLRZSARIETE(SRM)@E 4 &
T Y=H7HSORA) #AE A4t H 7kAasHE FF
7] LHSVO) AA 7ol oS o= Frlsi.

E A4 23] AAPELS Powered-Lift 5719
O LFAA FFoIME 71E AAE FB7INA &
£ 3%l 2 CREWE 7|5to& gt CRM 3 o A|A|

lo rlo

—

o)

o
oo
o)

Ol

y
ot
5
'
i
o
U
b
i
1%
I
%)
o)

¥& Mo
» ok re
2
)
(¢] O‘)ll

i



AT LA

Powered Lift 57| &4

27] =4S A% Hd AA 9 97

29| FAlol faskA] ¢or 239 BAEE &
Ast7] olgti= Aotk 181 27| =Y 239
A5-E 8llAE= FAA, EASA (European Union Avi-
ation Safety Agency)s AXFF T Powe-
red-Lift T = PR} b 7S AF
sto] S A0 de b RFAAE FHls] X9
Sfjof gttt

A9l AIZAR oF] eVTOL 37| Q15 &
o o] AAE7] HolH=m ¥ HH7F FEA &
of &AMt rtof SHAZE Qo] 7 HHe] HREH
SHof|lA AQketet.

AT BHE 53 Powered-Lift F57] 7] =

o

©-8o] F2o|nR F b BATlel T 254
Aok 4% TG 718 FEIFATY L AF S

o}
TR P37 led 281 FER F ol FA

v o
oFe] 71t Aot 80| Easith
St

HFEI(AAM)S] T}¥3t Powered-Lift 5719k 78]
7], EgE, FA717F A ARESHA "t ey
o|gt thFel HIPAEC] TELE o]&sfok St 7|
£ 5 1=l ADS-B 5 ¥ FIAEES HE
st E8k E3F ofF| AME AlRHE ARgol 131l
Act. A 5 AT hFet vgA Y A2t
AE EHIsE] flote] A g Azt D AJ-
9] &3 E8=E oo vkl wErh

%% AE0F Powered-Lift %A AA £ 2

e Ay 3o Izt 752 SSPE7IREAT
I SMSHaBE A AR Y] S - b

2] Ao A Y=L A5 ojof Bt

References

1. FAA,

Certification and Operations; Miscellaneous

"Integration of Powered-Lift: Pilot

Amendments Related to Rotorcraft and
airplanes, RIN 2120-AL72, FAA, DOT, Wash-
ington DC, 2024, pp.78-112, 182.

2. Karl, D. B., Walter, W. J., and Paul, C. S,
"Conceptual framework for single pilot ope-
rations’, International Conference on Hu-

man-Computer Interaction in Aerospace,

Santa Clara, California, USA, 2014, pp.1-8.

3. Flan Head, "Special report: Seeking lessons
for eVTOL pilot training in the F-35", THE
AIR CURRENT, Defense Technology, 2024,
Available from:https://theaircurrent.com/tec
hnology/special-report-evtol-pilot-training-f
-35/ pp.1-14.

4. Li, C. W., Wang, Y., Korek, T. W., and Brai-
thwaite, G., "Future flight deck design: Im-
plementation of a touchscreen as flight
inceptor for single pilot operation’, SSRN
Electronic Journal, 2023, pp.1-5.

5. KIAST, "OPPAV Operational
System Research", 2023, Available from: http-
s://www.kiast.or.kr/kr/sub06_08_03_01.do

6. Baek, U. R, Lee, E. H., Kim, J. H., and Lee,
K. C., "A study on the risk-based model for
validation of civil aircraft’, Journal of Aero-

Certification

space System FEngineering, 12(4), 2018, pp.
1-8.

7. Ministry of Land, Infrastructure and Tran-
sport Affairs, "Approval for Flight Simulation
Training Devices', Sejong City, 2024,
pp.5-11, 429-439.

8. FAA, "Commercial Pilot for Powered-Lift Ca-
tegory Airman Certification Standards’,
2024, Available from: https://asa2fly.com-
/content/test-standards/ACS-2.pdf pp.49-57.

9. NTSB, "2018 NTSB US Civil Aviation Acc-
ident Statistics, Part 135 Commuter and
On-Demand Carriers’, 2018, Available from:
https://www.ntsb.gov/safety/data/Pages/Avia
tionDataStats2018.aspx

10. NTSB, "General Aviation Safety’, 2018, htt-

ps://www.faa.gov/newsroom/general-aviati
on-safety?newsld=21274
11. JARUS, "JARUS Guidelines on Specific Ope-
rations Risk Assessment (SORA)", JAR-D-
EL-SRM-SORA-MB-2.5, Germany, 2024, pp.
21-57.

12. Christoph, T., Florian, N., Johann, C. D.,

Sebastian, S., and Jorg, S., Dittrichl,



98

sl Vol. 33, No. 2, Jun. 2025

13.

"Geofencing requirements for onboard safe
operation monitoring’, CEAS Aeronautical
Journal, 2020, pp.1-13.

GAMA, "A Rational Construct for Simplified
Vehicle Operations(SVO)", GAMA EPIC SVO
Subcommittee Whitepaper, Vision 1.0, Wa-

shington, DC, 2019, pp.1-16.
14. Yoon, H. S., "ADS-B Joint development for
advanced air mobility and general aviat-

ion", Journal of Advanced Navigation Tech-
nology, 20(6), 2024, pp.151-156.



