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Design and Fabrication of a small Coaxial Rotorcraft UAV

Sang-Deok Kim*, Young-Seop Byun*, Jun-Beom Song*, Byoung-Eon Lee*,
Woo-Jin Song**, Jeong Kim*** and Beom-Soo Kang***

ABSTRACT

The rotorcraft-based unmanned aerial vehicle(UAV) capable of performing
close-range surveillance and reconnaissance has been developed. Trade studies on
mission feasibility led to the adoption of a coaxial rotorcraft with twin rotors
counter-rotating in one axis and driven by electric motors. A commercial off-the-shelf
flight control computer(FCC) and a radio frequency modem were adopted for
autonomous navigation. In order to achieve an aerial view, commercial charge-coupled
device camera was also integrated into the vehicle. The performance of the completed
vehicle was proved with manual flight test, and mission capability was verified
through waypoint navigation flight after being equipped with FCC. This paper treats
the whole process of design and system integration for development of the coaxial
rotorcraft UAV.
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Fig. 1. Aircraft Product Life Cycle

. JHg 4 A

A BANNE A2de] aTES B4
S} o8 WEAY] A% WA AwH
ez AYsch AL Fade a7z
o] ZASA Romz FAHI FLE 7Y

249 a7zne Aolaqr)

2.1 2UEY

& &
Y FMini Class) Al2=dl g FH& Fooh.
2¥F FUAVe AdFez AL JFHAE 7}
AH, et go] @we Fay A7EA M9 &
€< 1Hstd FHNHE % $FHEA e
A= dF7)17F By S8tk w3, Aas A

2 9 A5 AAE AdMe U=
22 gle A% ZHE 539o
Aol niFAS I, HT F&3E B
Hel gE-FE olxAAAE £¥ F°
FEJdog £ gle A .
olgld 7S ulg oz &3 HA9 a7xA
S APl »d oS3 2o
- JEREY 2km oWl 2AY AnE A AF
- FRoAE U FFTAHA e

- 3kg °ol’de F3EE
- A AEHE s
- M3 (Back Pack) FElZ Fdl 7}5
AEA Al 2~E
LFEAE v"goez M AYHA o
7143kl Fig. 29 2 REFEYEY
Gtk HAAE FFOo R o]Fde 200m L=}
Eilg=y

o
B
o8t
>

Altitude (m) 10 min
Loiter &

Reconnaissance

1.5 min Cruise at 25 km/h
300

1.5 min Climb at 80 mpm
2.5 min Cruise at 25 kmv/h

200~

/

2.5 min Climb at 80 mpm
100 - -

Vertical T/O

500 1000 1500
Range (m)

Fig. 2. Standard Mission Profile



23 9%, 2009. 3 T dEFEY 4y §A337) A4 2 A 295

037 &
T2 =9 F 15km A¥A ¢£dsle] o 108
2] AZF JEE riX3 o|FXFPor EHAI

10
]
o AA dFFY A dRdE 58S 29
3le] 30%0|a +3EEE 25km/h, AEEE
100mpm(meter per minute) 2.2 A17d3}%]

22 H| A HHE

a7z

glo] st
T TZEE 18599 Henry
52 3oy, dA= Ao}

9] Kamov Tﬁoﬂ/\i SUsA A7E s 9

TENE dYgHe A FEE-aR

B dFE} 28 F Y ZE} BF &Y

7194 5} rﬂ* el wE °1 sl
0

°‘E%X% 3L, %%lith ma}iaﬂ
4937t Thestthe Aol At
[4]. @deozE Bga 38 dAo = s AR
AN AR S aEuAe) R D
Fag 8

ARAA wANAE AA Az Aol
~g HYRYR, LPAFE Edz 27] Ao
A% FAAAG. ET Fo F9E 72 34
3 ARANGL AHHR, 53 ZFAFY %
32 f9 243 WAAE A%l éﬂa%
AEsch

3.1 Al2" elEjm ol &

Fig. 3ol HIA|, AsHPEA], oF %
138A Aladow FEHE FEUH 7

&7 AAL] dEFe]AE YET A=

o3l
=
g

N

AgBAGH el s FE/AF A L A2
Aol Fsdta, P4 BRe Fal maAe) 4
W3R 2 AN G3e Agew AFT 5

O

Atk MR AA, S, AR &
AXe IMU/GPS §8 ANE RAF 248 2
sulagAel os zFHi, 94N H5¢
el B/RE/FO ANsd Fre B8 Fvie
7h A A

Structure
/ poe
B
T AtsH AR

S Receiver
s, Controller (-
; Pover =

o EH

i
i
1

25 T2

N
i
L ST oKL ey vy
i

Fig. 3. System Interface

3.2 =7| AtolE

MR 27 Aelde Foln PR =
Ae BE:A7)7) A8 Bad U, AzTA
Hel £%), AuolgEY Sl ud wE AL
o BEAZ 4YErh 8TEHS 52S $EF
ol 27154, High/Hot Dayel Aol ¥
F9L Hgstgon, H49 45 WAsHEA
WELE FASAG. Table 19 £7] Aol

23E sttt

Table 1. Initial Sizing Result
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Fig. 9. Flight Test of Scale-down Platform
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UPPER
SWASH PLATE
CLIMB W = W cwW
DESCENT ccw - CCw | ccw
NOSE UP W = CCw | ccw
LOWER
SWASH PLATE NOSE DOWN cew = CcwW cwW
SERVO #4
BANK RIGHT - - cW | cow
SERVO #1
BANK LEFT - - | cew | cw
YAW RIGHT = cow = -
SERVO £
SERVO #2 YAW LEFT = ccw L i

F=Z
AZY A5, A3t AtolEd, £9)

= -1, =

[z oo &
e
°
N

2% U2 8 T Ao 2o Edole
AFIFEE TEHAD 37N FE o)
Zejo] ARHEY. EF 2(Yaw)dF AoE 9

b ook ok o [T 9% BN A T D o

9
9] ) (Differential Pitch)& A& & U=EE
stanh o] A9 W =T 4EA ZIAVE
% /878 w24 (Cross Coupling)o] 24

st=dl, HIBAE A3 dFFddes IA IF

o] gl Aoz AFHUL Fig. 110 ZH 2

ZFATY B4 2 7F7 2TYEY #AE =

A&ttt

2HO FF5F52 WFESFH dFEF02 74
3 Z}zte]l 2o % o] Awtold mErolE o
E7 R¥EH(Counter-rotating) T+2& FHAII=E
AASAT. 23to]d WdY|ole 7]o] F9-A
oo Hrjojet A &EulE FAst, 747
o] Hrlole F e BHyAgL REE FF H
ot Brjojel FEFee ddel FYAUF
AglEe] 3 2 mE7E A sivte RakE 7
8314 g E 391, SEZHHANE U<}

A

EA8H

Cluteh

Lower Gear

Driving Motor

Fig. 12. Transmission Layout



208 A . @ogu S EFEE .

PR TS ik

Fig. 13. Structure Layout

413 7| =
AAE sEAg
gl gAE 1

Age AA} +57 2 F

o At 8 3t
TE Wwe RFAde 1A= ¢FvwE ¥F
(AL-7075)S AH&3t9a, T3S =o|7] 93 &
2% EFA&A ¢ vadls §EAZ6e)S
BrRow &Yt Fig 139 F& 7|4 7%
s Yepg ok

42 AsH| A FA

FAgdF7)e] AAAe 2 FHE
A Aul AFHIPAAE FEo2 AnE
Rotomotion jil:¢] VTOL-AFCSE x|€]3}5d. o]
= AZugAR e ez 2 dAElE 7)&3F
=S ggstal, we FF 2H A FCC
o 2aVE 5% EXo FYHY

VTOL-AFCS+ FZH-#ZZHE 7[A+= ¢
WA 4% 79 AYFE Y AAE s AL
® AFCoZ Fig 149 ¥S YeERA L, Table

Table 2. FCC Specification

3= ch2| A
|8 x| = mm 150x110x60
A g 900
428 Mtz m 3 CEP
4
m
m

Fig. 14. VTOL-AFCS, Rotomotion LLC

20 GAoA AFS FH4S A
ek GPS 9 A A7) Al (Magnetometer) 2
A ARE F53ta, aAdAAVIZ FAHE
gFo] A= A8

VTOL-AFCSE= FEZ2H-mg 2y 29 dg
FHE 7IEez2 AAHAAT e =yHd
SISO €i1g]&(Roll, Pitch, Yaw, Heave)oZ
AAEe] Jormz FHUEY JAdE 48 7t
StATH @A ¢4 AFHAY ZFTAFAA
ARL daEFE F40o] EVbsste] A &
AAAT, BHPAE A JFEFPol= A Fo]
g Ao®E AGHAL

43 S4/2H EH|

T/ BA ARls Al gAY e A
BE metsta, HIYRE WA, A2H 99, o
BARE R T& FHs AGBA HiE,
olE] B4, 94 tx=Fd o], FAFA wlolx <t
. Hol8e REle A FH
A7} A Y3t Ethernet W22l RF Z&S A}
|3, I HAES g Ex9 54 2YS

=ERY g4 d=FHolE
AuE AAsIA
Table 39 F4l/#A FHl FA4F] 45 A
stAaL, Fig. 159 <1 &S Yehidh

4.4 92 EH|

e = oy
Bl o oX

Table 3. GCS Specification

= 4
K| AR A FHE Intel Core-2 1.2GHz
SN 900Mhz Ethernet Express
A atm 2.4GHz

Fig. 15. Ground Control System



937 & 5F 3 9% 2009. 3 TEN FHE 4% FA837] A 2 A 299
Toom Sper 5.2 HAAE
Lens 13" CCD
Fov = BE JAE AGANES T AR YA
— g T A5EE g% & 5ud APS 53 EY
T - ZAS ARG EFo] FdHE A= AR
Zuldy, Fs/eH, AN 2 A2 vge
Fig. 16. Payload(EO Camera) To AFHd daeFe °]C§k z24s Y
31931, Fig. 199 Al@AAE Z=AISAT A5
of AAzrez ANd=HI, BA AFEHA A H v GnFLE AAA 7], £xA 07, $AA
=5 7439 Fig. 16°ﬂ JEAulol gy or|2 FAHEsH AAAAYIE E/FA/8
A< VR =85 JHAI,  SEATISE AAAT=
Fore/Side/Heave ¥&& o2 FAE MIMO A
V. AMZF 2 Alg"E o) 2dlo|t}, weka Zhzhe] SISO Y& tis) H
l, lv:, A& A7 oS53k $A0] aFHE
51 ®M7|& AlH =t % 27709 ol5%S Z=AH3ATh Fig. 200 ©]
AA 13718 AX Z2FAF 84 HA F « B oy
9 AA 227 R AT 4 A4 5 4201 [EEELEERDL R
7]]—1] %— 4EH,,] 7] ]7]— /\]‘6‘]1137]- %gi xﬂ]z}ﬂg}\ —_ 1 =
o} o THOfT He Y 2
AA 137 F4Y 1A 2Y FBE A ‘”("%’ | VAW —|»| FngE/ HEAVE —|+ F‘S)IF[‘)EE/ HEAVE
gate] sEpdeld Wsol RAHYL, i |2 -
]_5 .1—]7(] 1_11017], 7],1——__—5]_ ?_zE 0] _Er_:]—y_ 2)\1:]— phiy] Sznfon| niol
AA 2871 2FATS AAS Sl BYA Fig. 19. Test Procedures
A B oeladls s F8std 7AY Ass
30% Az HAF A AlA 3. 437]= B e
E@aA wds AFesla, 28 Jhed 5 £ D AAA A A A A LA
WjEl g 2 AFAH7F gHAH AT Fig. 17, 189 2 : :
AZE AlA 719 F4E e AT u
SEIEMWWM
b

Prototype 01 Prototype 02

Fig. 17. Prototype-01/02

Fig. 18. Prototype-03/04

Time (sec)

Fig. 20. Flight Test Result

e
Ao ()

ot )

Fig. 21.

Waypoint Navigation Result



300 2 g -

ofy
AN
o

Fig. 22. Aerial View

[

S 74 F 58 HdgAFE V5 dEE UE
sk E/9A9 A 2FdES F FFee
102 B, Heave BEE9 7§ oFte 1
= W AVle AS ¢ 5 Utk

Fig. 219 o|53k +48 & 399 A5 A=A
Hg Al AHRE =8t GPS A3 H 7}
Fosta o] Y& BY BEH A= £
U7 3m o], IE X 2XE 5m oJE &
At AR b}E}‘;}E} Fig. 22+ 100m 33l

>,\1

A g5E F4S dEhdth
V.2 E

°H1

B ERAE oY AERS 99 2
AAEE A Aol o 71
et aTEde 5%
3 olF WEAZ] A oA BH 2w
Age FASAT,  71EEA NG/ A EA
B A AA FALE FPeAdch 53 F2
e I e
1A el H8E 98 e ABHYIRE
Aesle] A F1aEs) AAE Basnh AA
A48 A ARAY, FEEE Y R AEH
ARe B3 Aol P Flsgh
B aTE Ba AwE A GF 5HuA
S RAFF7) AA B A A& FRE 9
@AY NBAZ AT A5 A 2 AEEag

2 Aol &84 ool

ATe w5HSTIES /R AE 7t
T-AE A (No. R15 -2006-022-02002-0) ]
FHH YL EF, o] E=EL 20089
S38t7|ER) e AYer IJFHedo
< wol #PHE A7 (No. ROA-2008-000-

i)
o o mx i
Hﬂrﬁ

X4t

J

N
S
=
N
(e}
=)

ik}

gl

Ao
rek

1) UAS Dept. of Defense, “Unmanned
Aircraft Roadmap”, 2005-2030”, 2005, pp. 38-39.

2) o] B, 2HEFE, “IH FAFETe] dF
a7 %2 ALY, FIEeFF4A, A30d
A|8%, 2002, pp. 156-163.

3) Ian Moir and Allan Seabridge, “Design
and Development of Aircraft System”, AIAA
Education series, 2004, pp. 23-24.

4) Colin P. Coleman,
Theoretical and Experimental
Aerodynamic Research”, NASA Technical Paper
3675, 1997.

5 A4H, WdA, ol
2% 26 AYAAE 28T 79 LelFH =
Bl Edol=9 AdeHrtAdel ad A7, =
FEFFs FASEERI] =74, 2007,

6) J. Gordon Leishman, “Principles of
Helicopter Aerodynamics”, Cambridge University
Press, 2002, pp. 335-336.

) AHE A 2g A, ol
STlERQY] H2E BRA AW, BHFES
Fo18) FA SRR =R, 2007,

8) Rotomotion LLC, "VTOL AFCS reference
Rotomotion LLC, 2003.

“A  Survey of

Coaxial Rotor

A, AW,

manual”,



