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Abstract

Recently, from a global perspective, the use of small unmanned aerial vehicles in terrorism and warfare is
increasing, and the need for anti-drone shooting training targeting small UAVs is increasing. However, in
reality, there are many cases in Korea where anti-drone shooting training is restricted, due to complaints such
as noise. In this paper, we describe the development and testing of an electric-powered direct strike type
high-speed, low-noise small aerial target drone. To achieve the flight speed and endurance required for
shooting training, target drone sizing was performed, and aerodynamic performance analysis was conducted
using a CFD program. Based on the performance analysis, the motor propulsion system was selected and a
variable pitch propeller system was designed, and performance tests were performed on a ground test rig.
Finally, the target flight speed, flight time, and flight noise level were confirmed through flight tests.

e
A2 A AAGoR Bou &3 Ravle] % del W A4 BEESF Fobdn 9o 23 FasF
Yoz s tlF A4 Fde) Beyel Us dF Hu 9t ww, A4 e o3 547 A
2 FUe 29 5 WHOR s ARTE Ak Wk B wReld EEHA O AH Fda 4
A% &% W9 AAE A%, 47 B9 /e 47 va § n% Axe 29 BT 54719 A
WAy WEe ARtk A A A LTEE W S5 W uRAg 5 g8 m @A Aol g s
SR, AN TRIAS S FH A% A4S FASAT YA S nhgoR wE FaA
sgl A 9 bR e Any AAE Fastel A% ABe AYABRAM £ e,
AEA0% 08 AYS Fal BE G Su, wAAL 8 uE 2gEE sl sher)

Key Words : Aerial Target Drone(th 3% 7]), Electrical Powered(¥1”7] -°§), Variable Pitch Propeller
System(7}A 9] 2] ZZ A e] A]~E]) High Speed Flight(12%H]8)), Low Noise(# A=)

A = Aol Frtetal Jdem= g wo] 719 HAlst
Nake] S5 e &84 T A4 F-EE e

A7 cgo) mAMoR ey % A4 BHe) ggy o A7) MBA Aol Hash.
= A7 A" @AsEoe] sta Ao1]. B 9 = F47] M A3 Adxyo]g oA stk
g W A BAC Lol Holy] B oz LST(Large Size Target drone), MST(Middle Size
Target drone), SST(Small Size Target drone) 5 ©]
Received: Mar. 18, 2024 Revised: Apr. 26, 2024 Accepted: May 08, 2024 Shat,  obFAsield iR FB(Fire  Bird),
T Corresponding Author GTT(Great Training Target), AVT o] 3t} °o]&

Tel: **=***=*"*  E-mail: ktk5555@swerc.com B _ . i . .
© The Society for Aerospace System Engineering FH7)= 5 AV gAlste]l By A 25

O

I




2
N
oft

L)
Ry
b
2
[
dlo
[
oflt
=
o
=5
2
N
il
pec)
jull
=

T

= 77

Fo wel 9, A AW ek A7 R Y HRAsEe BESHE dold
of Wal A5 ol &4 WolA AA WgHow
gttt dA vdrHs A g x47= A Table 1 Comparison of development goals compared
2 FH A QAR ]S oR Qs AAF <l Ful to other target drones
2 WMol e HolH, ol <l T A4 F¥ .| Middle Size

Y [ Lo = o S Unit Fire Bird T td Target

5 A z}o. ec ni arget drone
o] Algto] = & dl¥ AbA F™Ho| AFS Fal 9 p (FB) (gMST) performance
= Aol Ao
= slol ddelt. Width | [m] 3.12 1.95 2~2.5
Kim[2] & H7IAE A8 2 A8 fe8 g+ Length | [m] 2.63 1.96 1.5~2
A7 FEe AAE A, B E4718 v posn = =

e ’ e B b 460cc Patrol| 60cc Patrol Blectri
X'"o']%“}f—rﬁ ‘;‘l _T‘—'O—‘— 4 }\]—/—\—%9] 7 HEL% %6—}1 X]'% ower engine engine ectric motor
M9 -l A7) A2 e Aa s, Endurancel [min] | 40 10 10(@max
. _ . - speed)

Podsedkowski[3]> A1&S& 3] F7]ol 7pHmx Max
— _ - 240 220 250
zedee Aegozd WHAY B84 59 & speed | /M) °

o= B = Range | [km] 1.4 1.2 10

o] 7}:=3+S 51-9_] sk},

ol hsds 4 kot Launcher B Pneumatic | Bungee cord | Bungee cord
woEwe] AE Aag 29 UE #1247 S s type Launcher Launcher Launcher
L 2% w9 AE] 497 we Yyadr|# Al A Landing 3 Parachute or| Skid or net | Net recovery

- method skid landing landing system
2o w oAH A Ao A7 = TEZ HLF
R S A HE 483t Control Manual Manual Manaul / Auto

- _ - _ _ ontro .
o, g AFE T Al 8FFHE vHdEE L v A control control pilot
7 (Ad 2% 250 km/hZ 105 S v s Noise ) - - below

. . } level 60@1.5km
7] 9k wjaA FAd/ Aol AA 2 FEAs B4
FYFAT. Zrdee] 49 FEES A8 A Apperean

ce

4E A7) REHEZ 995 vgdEEE G577t
He AoeR AgAE, Ao Ls= Uk
%A 2.2 A EEY| Ms &4 J|8F =7| AtolE

B
=
02{;",
o,
ol
o
do
o)
N
)

(EATES = A s <A O v

Asta vAAE AA/AASAE. ERE, G
MANGS B AxE 1% 29 BhF E579
2 aF BEQ P A 2%, A H% R YA
59 A% Ug 2 A% £

2. &2 =

Fig. 1 MST, Aerial Target Drone (Sungwoo

21 e 5F Engineering)

Table 1& 7]&el oA &9 24719 AL}

Adetazt s 2A71e] Bx AdS Adeesith A gAYl A gk 47 MST(Fig.
Fo MY Bxe A7Fd A2"HS AEste] Hd Dol Ape]z=7F stz s FA4 7] HR Abo]=
HREE 250 km/h, Hol HIFAZE 102(@250 S} FrAbste]l MSTO =9 g4ds 7lsez, HIdSe
km/h), &&3% 1 km ©]%, &8 ¥4 10 km ©]%, 250 km/hE WFsH7] 97 FAAAE e Aes
H& A5 60 db olat (@1.5 km 7Ag]), F&/A5H] ofefje} o] At et sk x4V 27
Fo] 7hssfof s, o] HEH WAL R WA R UE Atold B Al oA Al AlsE 288kl



78 HH

MST ®H&#A 7} 250 km/hE H|3s}7] 93 o4 F
(TR & 8PS AMI[4]18 o] Axtsd
L 38L& 8453 N, &7 HE2 6,002.32 Wolt}f.

1 ow? 1
Tp (V) 2 pV?SCDO * 1eARpS V?
(1
1 ow? 1
Po(W) 2pI/BSCDO-i-ﬂ_eARpS -
o714
o:d7|dE
ViHl & e
S HA
Cp : THEEH
W: s
eI asAS
AR : 7}E A 21|

MSTel 448 w3uH Tzaee
Hgetge o, Baw
=

B 10,003.32 W

o
oft
i
5
rlo

(2)

Tprop

o714

Ty ZEAT | B

A& wE el E gEEee 14S(61.8 V)R 7Hgst
W Al g EE AFAnoo) =
193.12 A7} g}, &= AYa8&s 85%= 7M4stH
A 2Eo) HE AR AF(Ay)E 227 Aclth

a

AR

vatm'( VV)

Amotor: 174 (3)
o) wWAS 10%(0.1667 h), M@ & wEe =
A AEI(SOC; State Of Charge)E 20%% 7FA4shd
288 wEg e £FUANS A4S 2ol ArrE]
°F 47.3 Ah7} ©E& FRla it

2.3 HAA A MA U ZH Ms 51N
Mdatax &= % &
v &2 (250 km/h)7F 7%, AF 28 AFE
Ho] ggyHmw il A4S JHAH °

ARG 5 dwS deel(s] Fe 2 FA F1 B4
z 2q0e 20 m £

:
2
o

0
g & A9 80%~
h=d

R AE

90% Ale

9% 5

F A A Sl A L=
& 05 A &&e 85%% 74T Fig. 2+ ¥
=

A% iAo AbgE TR o7 Midas CFD(Com

putational Fluid Dynamics)©]t}.

R

Table 2 Target drone design & analysis result

DeSign {i >z i ) L’ #
Fi l‘(_;‘ , b

Shape & /'fé " &

Ver OML-1 | OMI-2 | OML-3 | OMI—4

Wing Area | 1) 1.14 1.14 0.8

(m')

Stall

Speed 68.63 68.63 68.63 72

(km/h)

Lift 0.06257 | 0.06627 | 0.06005 | 0.06020

Coefficient

Drag — 0.01634 | 0.01444 | 0.01053 | 0.01434

Coefficient

Lift=Drag | 5 507 | 4589 5.698 4.197

Ratio

Required

Power@

550Kkm/h | 764 6.75 4.92 4.76

(kW)

Battery

Power@

550km/h | 899 7.94 5.79 5.6

(kW)

Fig. 2 Midas CFD
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Table 6 Target drone weight list

Level 1 Level 2 Weight (g)
Fuselage 3,230
Airframe Main wing assy 1,620
Vertical wing assy 330
Propulsion Motor, Esc, Variable
) 1,350
system pitch prop system
Flce, modem,
Avionics 1,550
antenna, sensors
System battery | 4S / 3,300 mAh 320
Power battery 14S / 30,000 mAh 6,100
Gross weight 14,500
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Fig. 12 GCS & GDT

Fig. 13 Electrically powered aerial target drone &
launcher

Fig. 14 Net recovery system
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Table 7 Comparison of analysis results and flight
test results

Flight | Current, | Power,
Throttle
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(km/h) ed (A) ed (kW)
Result of
- 250 - 5.6
CFD Analysis
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97 252 100 5.45
22.4°
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Result 94.5 255 113 6.16
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pitch
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26.9°
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Fig. 16 Result of noise measurement
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