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ABSTRACT

The demand for e-VTOL aircraft is expected to be increased rapidly in the future as a means
of urban transportation due to operating cost reduction, eco-friendliness and convenience of
vertical take-off and landing using pilot-aids automation system. However, there are many
technical hurdles to be solved in securing safety and certification which are essential for
commercialization and urban operation. So far, there is no e-VIOL aircraft that has received type
certificate and standard airworthiness certificate due to the technical problems and safety
requirement differences with conventional aircraft. The e-VTOL aircraft certification should also
meet the equivalent level of safety required by the current airworthiness standards, but there are
existing problems in securing safety and meeting current standards. In this study, the e-VTOL's
certification problems and technical limitations in satisfying the current standards are presented.
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Table 1. FAA Airworthiness Standard Policy [11]

Wing type Wingless type
e-VTOL e-VTOL
FAR , .
main Airplane class Special class
, (Normal, Part 23) | (Part 23, 27, 29, 35)
Req
Additional . .
, Part 27, 29, SC Special condition
Req
- Electric, hybrid powerplant
Common EfTCr;:cE: itrjwlaen ZanTjtry S Ss)t/esrtnerTIlLT characteristics
Additional| ge, I Sysiem,
Req’ - Distributed electrical power system
a1 FBW(Fly-by-wire) system
- Pilot-aided automation system
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Fig. 1. Ballistic Recovery System Operational

Envelope [3]
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Table 2. Specific Energy Density by Source [9]

Specific Energy
Energy Density
(Wh/kg) (Wh/L)
100LL Av-gas 12,222 8,775
Jet A-1 11,990 9,600
Liquid Hydrogen | 33,3139 (LHV) | 2,358.6 (LHV)
Li-lon Battery 100~243 250~730




596 A7 - B - 429 SRS BT K|
wg e A9 exd wet 293 ol 9, Fig 32 WA 34 oyl U B8
WEo Wt =4 oy, MENY A9 exd  WAE UEE Ao® 4% 50THA 1C HAE
weh gFo) FA3) wWEHsy A A5 WAL 2 1,008 FHAL WEG A go] 35% FE
of MEME ZAHE S4ol Yot @Y £2¥FFY]  ow T P4HS YT ATk
g9 M #A7Ee T4 LR 20-+40CE 503 ysiM
zoa 37 9o o] Weo = pe =
7%]:1_7}1;5 @Eg'%}%ﬁﬂ%ﬁ}ﬁf e Ha7jae sies @ 99 JlesiEAc &
e MEe S99 49 eeadd gwg g o) A@del 8l ¥EL SxHwTes A4
of W WEel SolAF BANA we zyg o A JFeHT ARISIEE sl Tl =
BAZ St eVIOL #8710 544 Ha 5 a0 U8 AT 98 AQ oy dres s T
o) YE BRI APl SR Fra o HFATA WIY @el G NUHS S
299 AgA REE SO hdat egd @Ay oo u MIA HFo| shesies a7l 3.
LA F Atk %, 8Y 0 AR Adage gy NEAL BARETAL ddgew dusnos
o] BE AAlAE AHEE7ZE A S (Unusable fuel) el 2 _H‘}ipi} o 7RI EelEe A
& ZYHES u QY olg MYAPe o o CVIOL YT AF A7ALERRE) w
2SS ST ou, eVIOL FE71E dux o CTHEr MEE A SAe) siBdel we s
o7 mx oy o dAgdko] HE Z vlE 2= 97 Fiold, A wy Al AL sy ofye F
o] vARHel et weloux gurg e ES AR L st
NS0 GAT HFol s WAE ANg 4 FY MENS TEH v AN sdE A9
9les AFo = gl=afof it} T e Axe] sy dxddes AT 9
Figure 2 2lFole weel exo] me gape) Ol e A Hzjmdeld gaHom v
WaE UeEhys Aoz 20CodAe £3FE +25C s W4T & e AFY Alzd" JiEd siE e
ol Ao & thH] 60% SFo 7 FAES Jehn Aol A I Alo|= vl FEETA] AL o)
Wakd eTEAe BEY 5 b Ausd see
1.20 FEF AGT dAZ ES Aer Hlth
» kil 4 A ATHD Y Ve MEHILL A4 A
i L 9 cko] ol Wz W A w9l 08 Aew o
§ oso . 2 Aol Aol AnEA YEE v s)&o, o
g . e gols ZFFFIte Re] AXA Hrt.
z T . . " . ol 1
g Figure 4= Al 4R heat sink W2] Li-lon HJE]E]
§ow Ae A9 Mo stdste] LA F O e e
Aol dolEx $ee AT ANE Yehia ok
ek 224 XE3 ZEAE
-60 -40 -20 1] 20 40 60 E‘}—JL—"E_

Temperature (°C)

Fig. 2. Relative capacity vs. Temperature [5]

100 ~
£ 804 0 woe(to.
[ = o=
S
g 604 !
o
E ---------
g 404
& —e-25°C,1C
o 20 —®50°C,1C
-0- 25°C, C/20
-0- 50 °C, C/20
p
0 T T T
0 500 1000 1500 2000

Cycle number

Fig. 3. Capacity retention vs. number of cycle [5]

e-VIOL ¥-37]9 dstar A=A

AERld S Fotel 2T JARES HAd
ATHORE ¥ ZFAE oA &9 AA
Fo|A sk FEold, c53] Y& T v
B HAE BF Aesdne AL Erbsdl 7t

ox O ¥0
ox o K rr

Heater fails at 48

Bottom of Cell Heater Test with Al Heat Sink‘ M

Heater Power, W

Can’t get trigger

>100°C after >
1hrand 3 attempts A

O e T i
2000 3000 4000

ime, s

T T
0 1000

Fig. 4. Al heat sink thermal runaway test [6]



M4 H M7z, 2021. 7.

e-VTOL 83719 7+d7]) &7

HN

i

4 47

597

o2 Ik A= BERIAE gFFHoR
87T ASE q44HH, e-VIOL A-53}A| 289 4
T2 FEN ZTAE ZHHA AR FEL
Fol=2 duRRIE HA Y F e VeE F
AT Aoz oAHT)

olof we} ZFATH AVl € A AXHE 7V
9= 2y 9, A wEges IHE sos
Holy, o A= A 7|&r|Fd uet 2T
Fo dduA olF kS FAF e A&EHA ¢
A Hgo] e AA, HIFAAAFH, &5
7], A & 33 2FAFH sYATA dlA
DA o]FE H=F 2Fr|E] 27 flo] H]

A, AL A A o

| ©] 5 (Maneuverability)©] 7}%

Jo

) Q-4 A (Stability)©l
(Controllability) ¢} <l
Te YBelor vk

o] wolx= Fd 7|&7]|F=olA
T Rudder®] @iz o] %9
Aileron® 2 7}2%/W3EF =F

SoER A &5 99

Wi

FF719] Aileron
Z¥7} Rudder =&
| tiAsted =35 7F
| A Chruiteren (Yawing Moment
due to aileron)?} Cy (Rolling Moment due to
sideslip using rudder)®] SHHE SAS HIPAFS
2 Y4Fs=E 873t J©om[12], Elevator 1%
Nol= EFRS 3 b3 AE7tA 873 Q)
2 o9d =39 s B2/ A B =

5 4

=

2, ok
o M rfr

X oy o

ral

A 9] Stick, Pedal, Throttle, Collective2}
Fe @edlE o] 1-Stick T 2-Stick &%
screenl. 2 E3lE o] dtHE AoxE H
F oA FRE A e AAEd =T
I dd3F olF 2FE F Je A T

o R o
i

N
[~

[
> 2 o |® S E |o

9
—
o
c
o
ol 5

x
olo
pi

o

2
>
i
2

[
°
e
i)

225 Alad”] MM

d3 rler|EolA 873t Al2"Y kHA F
F2 Table 37 Zo] 4A¥ 7ALFF7] vlPAzE
T 10°%E FAG L] 107 FFolth
ABAHA 7NAA Z2FATH WA7|HS g &
Z7]9] ATES 7HteZ 3 Q970 F EASAE
e-VTOL &-&7]ol tlste] Table 49} Zo] 7]& O

108 =& FEA HA 107 FE5FH 2738k ok

1 olfr= eVIOL &&719 Az’ EF=7F 7]
& &37] uinl o 109 ok 1 ThsAdol 1
B =27 Wil #FETle T R FES
grat7] el Ao AFEE 108 =k &
5% HHAE FRT 5 Y] wEolth

TEAAE 719 107 FE2 T HPATE A
300417t ®HIgYstal E7]Fe] 1,000 +&dva 7HY
2 A% tuAbast 37 @ Fek 18]

AT AT AR diHE ofF =& FF9 4l

Table 3. Airworthiness Safety Requirements [7]

Level , Catastrophic
.| Weight .
or |Propulsion [Ib] Seats |failure rate
Class [/FH]
[ R |<i9000| O 1x10°®
+crew
Il | >2T or R|<19,000 +2~6 1107
. crew
Air
lane ~
P | =17 or R|<19000] 72 | 1x10%
sig, crew
IV | >1T or R|<19,000 1049
crew 1x10°°
Transport Category
[ 1R - 1~5 1x1078
- -7
Rotor 1 1T <4,000| 1~5 1x10
oraft |y 1T | 4k-7k | 69 | 1x10°
*-Q \% 2T <7,000| <9
1x107°
Transport Category
R : Reciprocating engine / T : Turbine engine
FH @ Flight hours

Table 4. EASA Safety Objectives [2]

Failure Condition Classificati

Maximum
Passenger Seating Minor Major Hazardous Catastrophic
e -
Category <10% <10 <107 <10°*
Enhanced FDALD FDAL C FDAL B FDALA
Category | 7 to 9 passengers <107 <10% <107 <10°%
Basic FDALD FDALC FDAL B FDALA
2 to 6 passengers <107 <10% <107 <10°
(see note A) FDALD FDAL C FDAL C FDALB
0to 1 passenger <£10® <10* <10° <107
(see nate A) FDALD FDAL C FDALC FDALC
[Quantitative safety objectives are expressed per flight hour]
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Table 5. Emergency Landing Conditions [8]

23.561, 23.562 27.561
Protection (Amd.62) (Amd.32)
Requirement ASTM F3083 27.562
Lvl-2 (Amd.25)
Static Occupant
Forward 9.0g 169
Rearward - 1.59
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Sideward 1.5¢ 89
ltem of mass
Forward 18.0g 12.0g
Rearward - 1.59
Upward 3.0g 1.59
Downward - 12.0g
Sideward 4.59 6.0g
Retraqtablg Gear 3.00 B
Ultm. inertia force
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