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Abstract

This paper presents a conceptual design process for designing and improving the M Solar-X fixed-wing
solar-powered unmanned aerial vehicle to have vertical take-off and landing capability (VTOL). The separate lift
and thrust vertical take-off and landing is selected for design system. The proposed conceptual design process is
simple and not complicated because this type of vertical take-off and landing system has a forward propulsion
system and a vertical take-off and landing propulsion system. The function areas of these propulsion systems are
clearly separated. In addition, the process of analyzing aerodynamic characteristics using Computational
Fluid Dynamics (CFD) is introduced into the design process to verify and validate the design principles.
Results from the design process found that the M Solar - X VTOL has a final total weight of 18.9 kilograms,
which is an increase of 57.5 percent from the original (fixed-wing). In addition, from the aerodynamic analysis,
it is found that vertical take-off and landing propulsion systems installed on fixed wing unmanned aerial vehicles
have slightly effect on the lift coefficient, while it will significantly affect the drag coefficient (approximately 20 percent higher
at all angles of attack). From the results of preliminary aircraft performance calculations, it is found that the vertical
take-off and landing of the solar-powered unmanned aerial vehicle (M Solar-X VTOL) has a stall speed of 13.4 m/s.
And the maximum flight endurance performance is 2.21 hours or 2 hours 13 minutes, which satisfy the mission

requirements.

Keywords: Solar Powered UAV, Separate Lift and Thrust (SLT) Vertical Take-Off and Landing, Computational

Fluid Dynamics
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Wing span Take-off Payload | Endurance | Stall speed | Speed Cruise-

UAV (m) weight (kg) (kg) (hr) (m/s) Max(m/s) Wp/Wt
Eagle hreo 3.5 18 1.1 120 13 24-35 0.06
Tiger shark 3.5 22 1.5 120 19 26-33 0.07
Daegon VIOL 3.05 14 1.5 120 17 23-33 0.11
Ranger VTOL 3 14 1 120 17 23-33 0.07
EWG E2V 29 12.75 2 90 13 16-25 0.16
cwio 2.6 12 2 90 20-30 0.17

Average 0.11
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M3 2 madszanaAniminussnE uAuYeIIMATIY

Main Components Sub-Components Weight (g)

Avionics + Payload Servos x4 160
Receiver 120
Flight Control 150
Speed Control 100

Gimbal 2000

Battery Li-po Battery 1500
Li-Ion Battery 4000

Propulsion Group Vertical Thrust Motor x4 2000
Forward Thrust 650

Airframe Empty Airframe 7,500

Initial Total Weight 18,180

3.13 mydsymnamaussougIngavesermeeny 1 ausy VTOL 1y SLT (Estimation of Critical Performance)
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910 Raymer,D., 2012 [17] Mailtiongaimunzauveanidulsidragflsznoudas A1 Power loading (W/P)

o

fi1 Wing Loading (W/S) #aflaumsaaaumsi (1), 2), 3) wag (@) ae'li

(1) A¥550ULN51A87 (Maximum Load/Turn)

W= ssoln , [ovicoo () + ZK;_\Zz (3)] )

2) ANTTOUEMIUUAUNI (Cruise Performance)

1 1
HP 2 ~ 3 /2W\2
He_ 2 i i (20) @
w 550Mmp , pS

(3) ANsIOUL MIUUNUUIY (Endurance Performance)

1

1 3
HP 4 Z K\z [2W)\2

w =m0 5)' 55) ®
W 550m, DO\3 pS
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(4) gUTTOULNIZIINAU (Stall Condition)

w p 2

—==C V. 4
WS 2 L,max VSo 4)

Tagnnmsmuaaleaumsi (1) 849 (4) tazainei luaseh 3 ildenso@ounsvl aussauzinga

Constraint Diagram 1@daga 7

L}

M9 3 MINMIMHUAMANLTIET AU IUaUMIVO LIVATNTTAULOIMABULUY Fixed-wing

Vi Vioiter p@lSOm (Kg/ m3) p@SL
(m/s) (m/s) (Kg/m’)
14 18 1.207 1.225

n, ROC e K
(m/s)

0.7 5 0.8 0.099432

Lmax Coo AR i

1.4 0.05 14.8 2.05

35

o |

\ ——Load in turn

25

.

Cruise

= Endurance

—Stall

P/W (W/N)
L=

0 50 100 150 200 250

W/S (N/m’)
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3.1.4 mitszanummasunazndasanun 19lumsdu@unig (Forward Flight Power and Energy estimation)
o Aq YR & A J A o Y o dﬂl
3.14.1 msdszanamasuildsailufnvesmanuguuamesvesoinmeeu dunsofn 1 gl
o [ a a < A Ao
msfandany lihvesmsfuaunediennusineh Admua 18 m/s Taeldaan 2 hr
Tmslgiiamsne

o v o Ay . A o Y 3 { o {
ﬂ1ﬂﬁﬂﬂ1§ﬂ1ﬁ\1ﬂlﬂﬁﬁﬂﬂﬂ15 (Power reuired, Pr) ﬂl@ﬂﬂ?iﬂuﬁiﬂigﬂﬂﬂﬁﬂﬂ’ﬂﬂﬁ'Jﬂ\iﬁ ﬂﬂﬁllﬂ"lﬁﬁ 5)

1 w2 1
Preq =5 PV3SCp, + s (—) 5
req = 3P Po T 1ovs \meaR )
sazaumsmaana llihndeens (Electric power, P,) AaruMIsi (6) wazaumsi (7)

P
P, =— (6)

NMmNp

P, = IE )

Taoh 1 Ao nszualild mise wewnls (A E fie Arnnuaiadng viie Taad (V) )y, Ao
1 A a 4 A ' A a o = A 1Ay o '
Anlszanimmuena’ uaz My, Ao alszansanlusia 9naunsi (5) - (7) WounuATNANUDIALY TR 9
Amrualuaisan 3 aunsamuiasasimslenszua i lugemstiu@unanse Cruise currrent draw IaMA
] Y
22.77 A (819DINAUUAINBT 6S 22.2V ) #3171 91NN UAAINADINITVDY Endurance 1M1 2 hr 3z 3iAud0ans
[ ~ " W = au A 9 A a 4 a A 1 ] I
nwaa liihnuuames minw 45,540 mah FaluandsadenlFuumnes via 6 ivaduuvamenleou uaedalsfay
Tumsldamaie nuamesazgnldauiieans 90 % Depth of discharge (DOD) 11 a5 DA IUINAININYVD
T Y Y ]
uuaMes NAe 1IN 50,600 mAh aaiu Mndeyannudesmsnasa idinan Tuaiteil lddenuuanes

frfionlooou (Li-ion 6S 52,000 mAh ) 1141in 4.7 kg fiagili 8

r

3UN 8 nuaweIdIMIUTEUUMITUATIIEAY

% '
3.1.4.2 M3UszuausuveINDIADTUBIDINIAETU (Motor and Propeller)
o 1 @ o o 1T o o w 4 4
NAMITmUaa PW Tuiid 3.1.3 aunsaih s nanaimavundesmsvesuenos g
v < A A o o o P ao A A P o
uaed lsfamuieanuazaInlums@onuinamdWwuveemes ninzay e el azdonvinauewesazluwa
) o Ay A A ) ¢ o v ) ' o
Taeldvinavessiundeans naililesnndeyavinavemesuaz luvialuiesnaia Taoduluajszvenguanymy
o ANY o & A 1o v oo & o o A ] o 1 ¥ o
VOIUAURILTIVLN 1A Aty manldsuamiiaaudlunsay ansei 1@ leemanlasua Pw ilua s swusesivin

<3 a a
%30 Thrust to Weight ratio (T/W) Memsrsanus lumstuauma
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o J " o 4 < a o 1
AU MAMIMNUAAT P/W (10D 5.5 W/N (om1sanus uauma 18 m/s 9z 14 1dan
T/W 111 0.5 ani 1avzlinnudeandesiudoyanieada [4] Famuam iz auves T/W 1a19g521319
P & o q Yo ! o ¢ o A Y 1o ao Ay ya
0.3 94 0.5 Faausor IFmaa s Uvesnameiiaz luvia Amuzanldmdy 8.341 kg lae1udveil Taden
@ A Y 9 2 o A ¥ o o
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NawnsaIius @iy 9.678 kg astlsing lugii o

|,
5N
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~ o o A 9 Y
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v Y ]
3.1.5 mstlsznammdavuraznaanuinlslumsivyuuazainiang
' v
aa1dnanluda 111999103201 VTOL 111 SLT ImMsuenaumsvinanuiueg usamy aaiumsnai
9 9
aussouzIngaaussauzvesomanu lFaududszianiteaunsosiuendiuduld Tagluiideil msman
1 Y 1 v
AUTTOULINAVOITTVUTUIAAD UTUIAZAIN AL dnson Tdenundsdoyanadamesimuadonldvuia
@ P Z dy A 1 o

lunauaznomesiminzay nileanudelumsesnuuunazlivilse

Tumsfuamdidstouenes luszuy vIoL Tasl935iFeada [18] wud1 9ndeyaniedda
1 o 1 g % Al U = 1 1 X
AMIITUADUIMIN W30 A1 T/W Y0952 uDe Ao 13AudY VIOL nuy SLT iA19g5e 119 1.2 09 1.5 #9910
H S " o o o A 1w
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9 o ' o q ¥ A s ' YA Ay i '
vindeyadenariliansadonueomes ludiuvesszun VIOL 1@ Ao 8¥e Hobby-wing 31 X6
4 . e y o

KV180 12S (44.4V) lusinvuia 23"x 8.8"%6m1501ﬁ’ummugag@ N 12 kg (umuﬂmmaimﬂuwmm 710 g)
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o W A = ' Y 9 yan ° A
ﬁ"n’i5°UfnﬁLﬁ'ﬁ]ﬂllﬂ@lmﬂﬁiuﬁ?um@ﬂi%uu VTOL U lEIsMsAIuIn A9l
o a4 A 2 .
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Eqosp = IXtxmotors x 1,000 mAh
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= 3,560 mAh
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1$auau M Solar-X 11 SLT g Ined 51396 ay (Numerical Method) 1u31/t1u4e4 Finite Volume Method TaaTd
TU51n54 Ansys Fluent 16 [19]T=1Jsuﬂmﬁwﬁﬂﬂuf’fﬁnmigﬂuuuﬁmmmi'lwaﬂlma1mmmuma§umuﬁ
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