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Analysis and Aircraft Design for Prototype of Bicopter Tiltrotor Vertical Takeoff and Landing Unmanned

Aerial Vehicle with 2 kilogram of Payload
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Abstract

The Unmanned Arrival Vehicle (UAV) Aircraft is many kind. Each model has good and bad
property by Aircraft configuration is difference and Mission design. For example: In same thrust. Fixed wing
aircraft is long flight and more speed than Rotor wing aircraft but rotor wing aircraft is Vertical Takeoff and
Landing (VTOL) Aircraft and Hovering in flight. Nowadays Applications of UAV in Any mission: Survey and
Camera capture in jungle and over sea, Military mission or Carry necessity object into dangerous zone.
We can reduce the risk of person resources loss. Thailand needs to import foreign technology. This Research
present an Analysis of Flight Dynamic and Aircraft Design for Prototype of Bicopter Tiltrotor VTOL UAV
with 2 kilogram of Payload using good property in many kind of Aircraft stay in one Aircraft. This Aircraft will have
all property for many kind of Aircraft. Aircraft can fly for long length and more speed than Rotor wing aircraft and
Vertical Takeoff and Landing and Hovering in flight.
Keywords: Flight Dynamic, Aircraft Design, UAV Aircraft, VTOL, Tiltrotor
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(Reynolds Number: RN)
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F=g5C; (2)
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D = qSC, == pv25C, (3)
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Clark Y 1922 S e
M6 1926 €
RAF 34 1926 € —
NACA 2412 1933 €= —— ——om
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= v d&/ d' 1 a =3 a 1
3N g Aeudazinundnwinnu Aaziussanganin
A ° ' .
FIrw1Tod 1w Imaanu1tdud Aspect ratio: AR
A A ' & a
Tadndezn fn AR faziiege

Lowe Aspect Ratio Wing

C Lowi Low ‘)
High

High

C Low i Low (:>
High High
C Low i Low ‘)
High High
High Aspect Ratio Wing
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LNBEIAINIBUNHBAIN B2 (Longitudinal)
=) dl dl v v = 1
fdaunu x n1stndau lddr9ndfdnduwuan
ludranasiianduay wyuseuunuaiuen (Roll 1
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gﬂﬁ 9 mﬁmmzﬁmolumwag‘mauLmumumwum

8= —gl,sin® — Tl sinf (8)
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FULATYI A TANNLANA1INY @Tauamsl,ugﬂﬁ 10

Ta Ty

Bana Tydna
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gﬂﬁ 10 ﬂ’]ﬁLﬂi’]:ﬁLLNluﬂ’]i%&!uiauLLﬂu@]’lﬂJﬂ’l’Jm
(a) YUBITUTNN (b) YUNBIFHLIK

= —Tl sina 9)

T,cosa + T,cosa = mg (10)
2.1.8 MIMWIAWIIAAUI wWaldameasu
A 6 1 i o o ] o v
m;ﬂquﬁmdagiumummm%m:au Favinlwing
GaNIBANUULIZULAIUANDINIAL I

(a)

gﬂﬁ 11 s:muﬁw‘éwaﬁmq[‘”

(@) Aawsslun1suns Y (o) Aausslunmauwnu X

A A &
RT3 UN 11 157192 LA TN LN ATIND DIV

MIRNA ﬁ]:LYi']ﬂ"'uTmumeaomaLwia:q@
W=w,+w, +...+w, (11)
W X =w; X + Wy Xq... + W, X, (12)

WY =w;y; + Wy yqoo. + W, Y, (13)
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lawanune LLaxvlziLﬁ@m‘nﬂﬁﬂugﬂiwwmmmﬁmu
SUINANTINUABDIMNANAANEAT FIT0 N TRINTOAN
anundanTivadlasigsrsonnasulilnunzay a9

UEAIANBUENTUATIZRE g lugl) 12 -15

P

(e)

A a o € £ A i el [5]
E'l]'ﬂ 12 MTUATIEAWIRBNRIBUIINNIENIUBATY

(a) usanszvindaanu (b) wisnszvidanuuazaia

(c) NM1ILAa Bending Moment W&z Shear Force
M=FXxL

(14)

TTex

T
=

Eﬂ‘ﬁl 13 M3tNa Bending Stress!®
I
Al _T’

Eﬂﬁ 14 NN3LA@ Shear Stress!”!

(16)
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gﬂﬁ 15 N1I%1 Moment of Inertia
289 Square L Beam™®
a® +at —t*
¥~ 2(2a—1)
I=2[° +a(a— )~ (a- (a-y - )1 (1)

c,=C (17)

Aera = t(2a—t) (19)
2.2 N300 NUUUIZULAILANNTL

lum‘saaﬂme:uumuqumsﬁuﬁmm*m
aguldipuazddz@ninaw wldzuuaiuqu
Wlad® (PID controller) lasltmstsuuds PID sr83%
Ziegler-Nichols LﬁamquLaﬁmmwmiﬁuiuu@ia:
WIILAT
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lumsdufiuns wdsinaendn 8 Junawu aadk

3.1 @B AMFNLAYDIUNBIINIALLILEN 9

AN T mAEN T AYaIuNKEINA
LARZTHRA LAOLEONUNHEINIET AN RN FINATU
dunuuainagiwliininduainisds 2 luwa
I@m]:ﬂmirmmww:uwuﬂﬂﬁﬁmmwmmqaq@
Indidoanu lasldddanunuigega 14-16 % 209
AMNENITYT DI9ZANBUANIZEINTRAT Ry W0
§319Aa NACA, GOE uaz Clark

A1319 1 ATAENLIAEN JUBILNHEIMAUGzaTZNa "

NACA | GOE Clark
Airfoil Type

4415 675 YM-15

Thickness 15.0% | 14.9% | 15.0%
Max CL 1.643 | 1.773 | 1.597
Max CL angle 14.0° 15.0° 14.0°
Stall angle 14.0° 8.0° 14.0°
Zero-lift angle: -4.0° -6.0° -3.5°
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INAHANL A9 YDILWHAINIAAILRAI b1
{ > a QF
@3N 1 UWwaIMATH GOE 675 denawisz@ntuas
on (C) g9 wailaidayuenzud 6° AazvinlwgnyF
WIIENYIHA LWHDINATH NACA4415 LAz UNKAIMA
v 1 e a ﬂ‘
34 Clark YM-15 16N C, wazanauls=@ndusiiea
U (Cp) INALABINY Lm:mmimﬂwuﬂ:mgaﬁa
li! 09/' a v 1 dl ~ Y e A 1
15° FINIRDINTDWANGNINLAU LATAAD WWDIMETL
Clark YM-15 J&71 1819209 WA AALT uan e me
1Y A ' o @ Aa o
LRWATI TI918dan1IRI9 wazsnduniounaly
ﬁm%’u;‘JTLa'ummﬁmuﬂ"\m‘"ﬂﬁa%’ﬂum AT
NAVTH R ONUNWAINIATRAACIark 1WNI1T08AKUY

amasw TN ndnainieas 2 luwa

AN 2 Qmauﬂ"ﬁmamwumnwm:ga Clark!"?
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Y 11.7%
Clark Airfoil Type Y YM-18
Smoothed
Thickness 11.7% 11.7% 18.0%
Max C_ 1.294 1.418 1.702
Max C, angle 8.5° 11.0° 15.0°
Stall angle 8.5° 11.0° 3.5°
Zero-lift angle: -3.5° -3.5° -3.5°

AMANTAGANI 9V0ILNKIMNATHEA Clark GILFAI
TuA15797 2 WWUETMALUL Clark Lﬁ'aﬁmmﬂ:m 2° -
3° fausarfansasiduunissmuiuiuninae
Gfal,ﬁuﬁyugﬂumaomsa%ﬁammﬂmwﬁzuﬁu
a1 C, ‘ﬁlguﬂ”anén 3:0g3:%I1Y 0.55-0.65
wazfiaun41 Clark YM-15 waz Clark YM-18 2z &6
CL g9 WAAINTILI NV IAN (o} ﬁLﬂﬁlﬁuvlaJmqu
UznzAdliwnidn Tapanizfinnuisadn (RN @1 9)
AN BILATRIITIILED WNUENNARLY Clark Y
11.7% Smoothed 2: 8¢ C, Adasuulaslduiu
fd1 Cp Waw dyuienzinna (Stall Angle) §4ni7
wuudu eanuisldRansmaiiunneiniauyy
Clark Y 11.7% Smoothed 117l n 158 anuy v
Imlﬁﬁwuﬂzm 2° Faflgwdseindussund 0.55

o a v A
LazRUUIZANDUIIOUN 0.03 (ﬂszmm 0.027)
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LAZEIAUTZNALANI G TAUNITUIAYDINDLADS DI 16
Uszunan IR UeIa NALIBLFYNausIUTENa Y
lddy dminaasanniasnn 3 Alansy ITULAILAY
n3fiu gawaia 8% uazuUaLaas 2Alansy
ﬁ,mﬁfﬂminﬂ 2 Alansy wnwnIINYszNm 7
Alansy selunseanuwuuazltiinnn 10 Alansulw
NN388NKWUY

niianlduainaiazifanlddeyanainatain
UsEnfinaaes lagldidanlsuaiaasidaiuiouly
MINNEIaN AN ULITLTIIALEN 114 O.S.Motor

' . ¥ z

AINIAEIUN BB NLUUIZANRININITUURINIA
Wunan lagudazaiudasarvisagsrsnssanla 5
Alansugsluwanldnuainiasiunalrsluwe
(Multi Rotor) azfidnsaenianauaiuniinu laofdl
puralnatfoanuluguand@vas 0.S.Motor fia

Ay A v v Q >

18x5 17 Tagn1snasnsnunlabnatauanuluwa
YU 17x8 #7 W38 5 AlanITuBuLad adundsle
NITM R aNITNLABTUUY OMA-5025-375 AILEAI
Muandualugdfl 16 19nLuuaIAeT Lithium Polymer
2119 6 cell (26.2 Volt.) uazlunaauia 18 x 5 #in

gl

OSMG9550

14x8 29.4V 1,382W 4.8kg 9,570
14x10 7s 29.4V 1,588W  5.6kg

15x8E 7S 29.4V 52A 1,529W 5.8kg 9,300
15x10E 7S 29.4V 64A 1,882W 6.9kg 9,100
16x8E 7S 29.4V 64A 1,882W 6.7kg 9,000
16x10E 7S 29.4V 71A 2,087W 7.3kg 8500
16x12E  6S 252V 78A 1966W 6.3kg  7.200
17x8E &S 252V 62A 1,562W 5.2kg 7,600

Eﬂﬁl 16 O.S.Motor Specification!"!

3.3 n1veanuuutnuazlasease
NFUYANILANBUNVBIBINAL Lift = Weight
W&z Thrust = Drag ®ANIDAIANURNWRT Le3n

L Sﬂﬂ]ercd—ﬂﬂner
(Tcl—ﬂirﬁ:ll) - (Lcd—mrfuilj

Sairfoil = (20)

g—ﬁlﬁTTEG‘l%
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gu1avasnnndnnazinluesanwuulilansson
ANNGDINTT TI9ANWIB LAY NITAIANITANLTIAIUN

Lﬂuvlﬂvlﬁmﬂﬁq@

- T & :
ANTHN 3 AT AuNTn LazANULSITIINAY

Weight = 100 N

Area (m?) | V(m/s) | V(km/h)
Thrust = 100 N

10% 3.02 10.51 37.83
20% 0.86 19.66 70.78
30% 0.50 25.74 92.67
40% 0.36 30.64 | 110.30

lagl#Ad1@7 (Fuselage) tdunssnszuan
snasuine U199 20 cm. 119 20 cm. 812 100
cm. @1 Cy=1.2

Elevator tJun39nszuandnasufine PWIAFI
0.5 cm. 1779 100 cm. 87172 15 cm. ¢ Cy = 2

Rudder N39nTzUanFnasufingd 2 70 YUIAF
20 cm. 1979 0.5 cm. 8712 15 cm. C, = 1.18

lun1seanuuuldunwuannia Clark Y 11.7%
Smoothed iyulznz 2° @1 C; = 0.55 uaz Cy = 0.03

na139f 3 eldeimeamudvunelilwgann
wazldanusilumstnliun vasslsmaslunstu
vaimesiay 39denltdnuma 0.86 aaluaT

@137 4 f1 AR nuaNNI9vesdnuaz T

AR | Span (m) | Chord (m)
7 2.454 0.351
8 2.623 0.328
9 2.782 0.309

31N A13197 4 BruResmieenwuudn
laslAianuniiswesdn 2.6 Wwas wazANeIVDS
597 035 1WwWas 3z ldAnAdnidu 0.91 a13191was
wazddn AR = 7.43 uazfwiamianaiiisianaulng
ladidu 19.14 m/s 130 68.9 kmh lasldussady

19.27% maaﬁwé’wamai‘gjdq@

3.4 N1AIDINALIBAIDIY
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