&% BYgF FAFE71Y A 2A

29 W RAGFAY Y AA

HlAF gﬂ' w* HH zﬂ A ok

s "1 0O

o

o] l—?‘g*

Conceptual Design for Small Solar Powered Uninhabited Aerial
Vehicle

Sanghyup Lee*, Sanghyuk Park* and Jae-Sung Bae**

ABSTRACT

Several studies on the development for solar powered uninhabited aerial vehicles(UAVs)
are under way as the use of the renewable energy becomes more and more important these
days. This paper is for the conceptual design by a discrete and iterative method. An initial
design point with 1.5 meter wing span is determined in the global design, which deploys
the mass and energy balances among each component of UAV including solar cells and
airframe. Then, the iteration for subsystems is carried out with the help of Vortex Lattice
Method(VLM) to optimize the aircraft configuration and the solar power system. It is
demonstrated in simulations that the optimized design increases the flight time from 62 to
120 minutes when the solar power system is installed. Also, the associated dynamic analysis
reveals that the designed small aircraft has the acceptable stability and controllability.
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Fig.1 Examples of solar powered UAV

2.1 Global Design for Solaviation
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Fig.2 Schematic representation of the global design procedure
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Table 1. Assumed parameters for global design ik
Parameter Value Unit g
il
Airfoil MH60 - = .
A 05 - iw
c 043 - LY
;:WEI @
ODind 0.007 B g 0
Ch s 0.01 - :
Cp par 0.005 - £ _
];’uy 600 [W/mQ] g 1.5 %
P, 1.0 (W] <
m,, 0.050 [kg] :
L} 1
My 0.100 k] LR o S B B "o
Mg 0.200 [kg] Fig.4 Each parameters w.r.t. wing span
PEpp 21 (kg/m?]
25 : ; .
ks, 0.7 [k’g/mﬂ -y oad
Kepe 0.4 [k;g/mQ] sl I -ionics
I &irframe
Ky 0.002 [kg/ W} [ Battery
k 0.01 S 180 [ Solar Panels
[kg/ W] g 19]| oo
MNwthr 0.7 - cE°3 . [ IPropulsion group B
Mot 0.79 - -
Ny 0.8 - 05—
Niee 0.9 -
N 0.15 - s 2 25 3
09 ~ ) o YWingspan [m] ]
Nebr : Fig.5 Mass distribution @ AR 6 w.r.t. wing span
Netrir 0.6 B
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Table 2. The specification for initial Solaviation

By S v Parameter Value Unit
INNER LOOP B Span 15 [m]
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2.3 Design of Power System
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Table 3. Solar cell for Solaviation

Output power (P,,.) 027 W

Max power voltage (V.. | 0.5V
540m A
Open circuit voltage (V) 0.64 1V

Max power current (Z,.)

Short circuit current (Z,) 624mA
Dimension 131X 13.5 X 1mm
Weight 2.8¢g
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Fig.8 Optimized Solaviation
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Table 4. The optimized Solaviation

Thrust [g]

Parameter Value Unit
Span 1.5 [m]
AR 7 _
s 0.3214 [m?]
A 25 [deg]
r 2 [deg]
Twist -3.2 [deg]
m 989 4]
Static Margin 7.8 (%]
|4 103 [m/s]
AOA 6.76 [deg
Cr 0.4641 -
Cp 0.0609 -
L/D 7.62 -
Thrust 129.8 lg]
Throttle 229 (%]
Flev 13.14 (W]
Pee—tot 20.58 (W]
Doua 1.85 (4]
Ay 0.1461 im?]
P elee 15.87 (W]
sc—available 10.23 (]
Lo avaitabie 0.90 (4]
Duration r,,qou, 62 [min]
Duration vz, cops | 120 [min]
Egggncement 104 B

2.4 Result of Optimized Solaviation
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2.5 Stability Analysis for Solaviation
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Fig.10 Longitudinal stability analysis
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