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Study on establishment of airworthiness level of safety for

UAV

Joo-won Choi*

ABSTRACT

To operate UAV in the civil airspace, the airworthiness of UAV system have to be proven by the

is difficult for UAV to be certified by the existing

certification system because the existing certification system has been developed for the manned

it

civil certification system. However,

So, many civil aviation authorities and research institutes are studying developing

aircraft.

airworthiness standards for UAV certification. To develop an airworthiness standards for UAV, the

airworthiness level of safety have to be established based on UAV categorization.

I would like to introduce an quantitative methods for establishing airworthiness level of safety

of UAV based on UAV categorization and example of Smart UAV.

UAV, Certification, Airworthiness, Standard.
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Table 1. CHEA F27(2] EEdHX| = & XHg L=
2ol IO Vio Inpact Energy | g ags)z
Level
Global Hawk 11,600 kg 345 knots 2.706 Part 25
Part 23 Commuter
StratSat NA kg NA knots 0.2NA +Part 25
Smart UAV 1,000 kg 270 knots 0.143 Part 23/27
Single Engine
Predator 855 kg 120 knots 0.024 Part 23
Single Engine
Hunter 952 kg NA knots 0.018 VLA+Part 23
Ultra Light
Searcher 426 kg 54 knots 0.003 + VLA
% Impact Energy Level = Kinetic Energy Level = {Mass(kg) ¥elocity(kt)*}/10°




w
~
m
ah
{0
oo
0K
40
44
=
[>
0z
0K
Jon
ol
Pl

Table 12 WEHQ FRA7|E2 F&olyA AbaF(Involuntary Ground Fatality)dr F32&=
S olE V|For AA3 g Foln. Wuk v YAz G 1,84 o2 UERRTH3]. 2
& a7+ 7+ Parte 4% Al wlgerA 171 Ages] Hrke] A9 EEAdS 1y
A, FERIAA, A=E, FEAA, A7)/ AA slol Ak Abgar Zx2 wvk B PAE G o1
S Hopd Subpart®Z FEITHo glow, o] = o= 3%t}, (N = 1 per million UAV Flight
WZ=EA (Crashworthiness) #&H QA3 F217] Hours)
g 2FAE VFeR e |1 2dES A
S Y Part® o7 mAAel 48 4 N = AcxDxFexp (1]
Atk <N oulmk B Az G XA AR S
A AT de 2nERQTY Be & - Ac @ AW A4 AZA (Lethal Surface Area : f)
¥ o] 1,000 kgolar, Hu £A9E&EE=7F 270 -D: ¥F 91U E(Population Density : ™ /km®)
knots®2A1, FTEIAUA FToz ALHE 9 CFe T WAAR(EE 1, IEE > 1)
A7) Part 23/27°] H™, 6,000 lbs o]} CP o oHEAZ Y 2gs
o] Single Engine &2 337 3sl= 811
= A8 7 v v A4 2 A Qe AE F 5
AE Ao A WAS AYAYHA (Lethal
22 Ag)3]| 3%7}71%(Ground Victim Criteria) Crash Area : ') o 38tal Ac® FF3ch, Bl
SEAYA H7}7]1H (Impact Energy o] ZTu ofx] Fe EwEz BEo Ag
Criteria)ell A% H@7iEe] 48 Al 7917 (d), F ZEubge] AA|el wknlgsla 2

Fol YR s A8sel 1
p

2ol Aol widE
otog = 7haek=t(DGAC) =2 NAVDROC 3 3

3 H
_ /3
e Fevle A% gt 9 Ac = kxET e 2
o g5 HIE 9% hdAde e & < Ac t AWAAAHA (Lethal Crash Area @ m®)
3 A Y9FE wE BAA sHog o= : ZZ|4A] (Crash Energy)
3l Ao =A, v AAbd =T u % A

X
Surface Area), <17+ % (Population Density)
o dFstAY, HuZ X
=

ez w5 FxAR AdAstn w17l 8 A
o i HEAZ WA T et vl
Eoelt([A 1] #x). B BARR
2AG Ex AN 5 vlEen F7
o LS Tl FF A7) FIINE Part
& Agshs Wil

)=+ NTSB(National Transportation Safety
Board)2] SA Az m=2W &qF7] G5AE
Assta §7) Aaz Qlste] Aol Aol

oA HdgAe Folux Arg
A7 FAHEE, A8z Q3 JduUALE &%
Aol Wl gl oo wH|AL] Fg oA
2] 313 o] AT 4 U},

Ec = 1/2xMxV? - [+ 3]

F2 L% 9A (Kinetic Energy)

g A9 v3A FF (ke)

F2 A9 vgA FX (n/s)

Y vdA FFE HU oS FZFOION)F

2 ETHFWin )7 AT = low &

HAYEEEEZ (V) FE  AEEZV)7HA

T eo® vdAe] Fd eEluAE



M 22 45 2008.12 S0 &

0B
S
i

[
H
iz
02
o
i
2
T
wW
(@3]

Fate b ool AFHoen AR v w3
A FEAR(C)7 FLFOR o8 ALgte] F
gofuixe] $4L [4 4o} o] rersl A1
% .

M = 1/2xpxVZxS,esxCi

VZ = kixM/Srs (AR C FAA)
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-G FEAS (A
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olof X A]AA A (Lethal Crash Area) Adc=

k X M X M / S ref
0.028 (MTOW/S)”*
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(Ground Victim, N)& [2] 113} o] Hwx
WA (Lethal Crash Area, Ac), ¥F <7
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Table 2. &87| ZEEF ¥ F2h Al XY X|zHH
. . 2 Wing loading | Lethal Crash
Aircraft Category Weight (kg) | Sref (m”) (kg/mD) Area (md)
B747 350,000 520 673 10,627
Part 25
Falcon 2000 20,600 49 420 1,175
Commuter 6,300 40 170 307
W > 6000lbs Piston 5,700 38 150 251
Part 23
W < 6000lbs Turbine 1,300 15 120 100
W < 6000lbs Piston 800 13 62 37
730 15 50 31
CS-VLA
300 75 40 15
100 25 40 7
CUltra Light
25 1.25 20 2
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- Sref : Y7/lH2 (Reference Wing Area : m®)
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MALE(Medium-Altitude Long-Endurance) #¢

82 HEA T 7.8407oZ AxE Yo

W, 7l 4ARF G159 BAAR v R,

oL 2
o A3} Part-23 F #37Fd dGEHE AS
2 et
Table 3. 27| &f7 ¥ = F=E 9 o 7oV ZdeE2F RHIES Q)
UAV | Weight | e | Lethal Crash Equivalent Part
Category (kg) Loadlnzg Ar%a Probability
(kg/m") (m%) Objective H| 3L A
UCAV | 25000 400 1,293 8x10™% Part-23 (Commuter) 1x107%
HALE | 20,000 200 702 1x10™% Part-23 (>6,000lbs Piston) 5x10°%®
HALE 8,600 200 400 3x10™® Part-23 (<6,000lbs Turbine) | 1x10™®
MALE 5,700 100 192 5x10™% Part-23 (<6,000lbs Piston) 2x10™%®
SUAV 1,000 313 128 7.8x10™% Part-23 (<6,000lbs Piston)ol] 313
% 7k4 1) B Q79 E 100 /km’
2) JAFEE 2 AF 1 (FD)
3) Wk v PAT F BEFE G AL 701 (FA7] Ho FA 1.8
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