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ABSTRACT

KARI is developing a solar-electric powered HALE UAV(EAV-3). For demonstrating the
technology, EAV-2H, a down-scaled version of EAV-3, is developed and after EAV-2H's
initial flight test, the directional stability and control need to be improved. Thus, the
vertical tail and rudder of EAV-2H are redesigned with Advanced Aircraft Analysis(AAA).
Size of the rudder is increased from mean chord ratio of rudder to vertical tail, C./C, (%)
=30 to Q/ Cv(%)=60 and size of the vertical tail is reduced 15%. As a result, the
directional control to side wind(v,) is improved to sideslip angle, 3(deg)=25° and v,
(m/sec)=3.54. Also, variation of airplane side force coefficient with sideslip angle(Cyi) and
variation of airplane side force coefficient with dimensionless rate of change of yaw rate
(C,) are reduced 15% and 22%, respectively to minimize the effect of side wind. The
empennage design of EAV-2H is verified with flight tests and applied to design of KARI's
solar-electric-powered EAV-3.
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Fig. 2. Designed Configurations for EAV-2H
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Table 2. EAV-2H's Vertical Tail Resizing nglgsl 73 AgE Sy 1485 &7
(Vertical Tail Size is reduced 15 %) A mEds AAY 71EQ OOZEE} zo
— — 0.01772 AASH L Cng= 0.0595rad ! H}-3k
q _
(1frad) | v, (00283)] V, (00241)) 2B Pgye Husgrh AR EAV3E Flg 5%
E3] 303 2= 9
| 29016 | -2:839% <0 el spele 5 sl
0.0748 0.0588 > 0.0573 Iv. & B
C -0.07 -0. -
0076 | 0080 W 2EAe NG9 B A=
c, | -02125 | -0.1675 | <0, 15% | 1€ G/C(R)=80& C/C,(%)=60% =7
: EAV2H7} 7HAl&= &30 uigt W =234
Cy,, _00403 _00410 < O (ﬁ(deg)=25°, v (m/sec)=354)% 7]]}&@.]_9\;}]\]:}_. ,]_
Og, 01451 01130 > 07\11/22% 6‘]‘ iioﬂ -o/]_SH H]-Agol't f@.(&de force)-o/] Oﬂ
- < H2}sl7)198 EAV2HY] 7 me]dv)
(CL{EVarlatlon of airplane side force coefficient with 2712 712 g8 15% 304(45\_6,}-4 Hpek o}
side;lip ztangli] C?Hsz.arialltion oft airpf)lanhe side ;‘orci A gn, an 0.0588 rad~ ) Cy‘,‘f‘ 15% Cyr\_:_
coefficient wi imensionless rate of change of ro 0 Y = S
rate, C; =Variation of airplane side force coefficient %jé’k jj j/’:j 7= *'—‘;o] jAV'ZHoﬂ . 7] x]]:
, sLo o
with dimensionless rate of change of yaw rate) d¥E A4 Atk A€ BAV-2HS med
Mol e vy NP Fol gFehgn 1 2
ZFA FHRe et 5xtdlel 24 £y HE ALt 1ax AVAF A7F3 F-217]

Hg oS 4oz 4% Z2HUIATF

AFez Aos AlA S & F gl F
Aol digk AFH FHo] BIts T FEH
5m/secolstoll A= HF AN W AT WEF
=T FRIt 7hestth
3.3 HALE 112|&7i] MA

EAV-2H®| mejds) A 9 HgPrd 2RE
Hpero 2 @%ﬁlz%ﬁ— To] s FQl 1A
= A7AE A71F3 FQA7I(EAV-3)9] mE &
N AAE A %HV—‘W 7] AANAM W

grele]l I 7| HF "Weke AlY o 3R magye
A A9 H(C/C)7E 30% ol ARHA Y =

i

3 S3o HFS vgA 5A4S nHste H
Wekel A9 o =3 megdl 1% HlE 60% 7}
A =9 HJ%E}E *47410}911:} wl, =34 9

= Hasdso)

PN
T4

Fig. 5. Designed Configurations for KARI's
Electric-powered Aerial Vehicles(EAV-3)

(EAV-3)8] megfE AAAT. 24 7IEs
Zreks] Ayt ofef o} 2

<
1 001 V }‘S{IU w
2. WFEre] AVE C/C,(%)=60Z AT
3. Cny> 0.0573rad ' (B3 H9A R)
References

1) Romeo, G., Frulla, G., Cestino, E. and
Corsino, G., "HELIPLAT: Design, Aerodynamic
and Structural Analysis of Long-Endurance,
Solar-Powered Stratospheric Platform," Journal
of Aircraft, vol. 41, No. 6, Nov.-Dec. 2004.

2) Oodo, M. Tsuli, H, R,
"Experiments on IMT-2000 Using Unmanned
Solar Powered Aircraft at an Altitude of 20
km," IEEE Transactions on
Technology, vol. 54, No. 4, July 2005.

3) Nickol, C.,, Guynn, M., Kohout, L., and
Ozoroski, T., "High Altitude Long Endurance
UAV Analysis of Alternatives and Technology

NASA/TP-2007

and Miura,

Vehicular

Requirements = Development,"
-214861, March 2007.

4) Youngblood, J., Talay, T., and Pegg, R,



#4189 9k, 2013 9. 1% A7IAE QA7) w4 FUA719 ne @A A 713
"Design of Long Endurance Unmanned  "Initial Design and Computational Aerodynamic

Airplanes Incorporating Solar and Fuel Cell
Propulsion," AIAA 84-1430, June 1984.

5) Atreya, S, Mata, M, R,
Kohout, L., "Power System Comparisons for a
High Altitude (HALE)
Remotely Operated Aircraft ATAA
2005-7401, September 2005.

6) Jin, W., Lee, Y, Kim, C, Ahn, S, and
D, of
Aerodynamic Performance of a Small-Scale
Electric Aerial Vehicle, "Proceeding of the 2010
Korean Society for

Jones, and

Endurance
(ROA),"

Long

Lee, "Computational ~ Analysis

Aeronautical & Space
Sciences (KSAS) Fall Conference, vol. 1., pp.
473-476.

7)

January

Korea Research Institute,
2011,
Technology Research for Electric Airplane (I)"

8) Jin, W., Lee, Y., Kim, C., and Ahn, S,

Aerospace

"System and  Operational

Analysis of a Medium Electric Aerial Vehicle,"
Proceeding of the 2011 Korean Society for
Aeronautical & Space Sciences (KSAS) Spring
Conference, vol. 1., pp. 850-855.

9)
January

Korea Research
2012,
Technology Research for Electric Airplane (II)"

10) Advanced Aircraft
Package(AAA), Ver. 32,
Lawrence, KS, USA.

11)
II: Layout Design of Cockpit, Fuselage, Wing
and Empennage: Cutways and Inboard
Profiles," DARCorp., Lawrence, KS, USA.

12)
VII: Determination of Stability, Control

Aerospace Institute,

"System and  Operational
Analysis Software

DARCorporation,

J. Roskam, 2004, "Airplane Design Part

J. Roskam, 2004, "Airplane Design Part
and
Performance Characteristics: FAR and Military
Requirements," DARCorp., Lawrence, KS, USA.



