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Dernivation and Validation of Aerodynamic Parameters of Small
Airplanes Using Design Software and Subjective Tests

Lee Suk—kyung, Kong Ji-Young, Choe yu-hwan, Yoon Sugjoon

Abstract

It is very difficult to acquire high-fidelity flight test data for small airplanes such as
typical unmanned aerial vehicles because MEMS-type small sensors used in the tests do
not present reliable data in general. Besides, it is not practical to conduct expensive flight
tests for low-cost small airplanes in order to simulate their flight characteristics. A
practical approach to obtain acceptable flight data, including stability and control derivatives
and data of weight and balance, is proposed in this study. Aircraft design software such as
Darcorp’s AAA is used to generate aerodynamic data for small airplanes, and moments of
inertia are calculated using CATIA, structural design software. These flight data from
simulation software are evaluated subjectively and tailored using simulation flight by
experienced pilots, based on the certified procedures in FAA AC 120-45A and 40B, which

are used for manned airplane simulators.

Key Words: 4¥4]387], AAA, CATIA, Virtual Flight, AC120-40B

- 142 -




sh2 Al SallojMBts| "04EH EACY S

=27 2004.5.1 Bcistn

HHEY oAEE F
S/W7t JiElom @A
e ok a2y FJAFF7)
7] FL 2FHP7NELS A7 D

AER7 doldE gr3r)7 ojdY. ¥
AL HFAG o e, ol 2
A 2% MM F17F oJfdn A7k vy

Ad 2w g7l ke FA AHE AME

s wBAYS AT YaNe 2A 2t
o 78 o7 Ark
ATy BHe T IVE TFE &

g ulgAe] v YAl gEdold 2 FPANGA
AAE Astd 27HE F8 ¥PE4F dol
el 3Ed Fradg AAEE Aot
2 a7 FA8F719 AALE /WA
vl= Darcorprt®] AAA(Advanced Aircraft
g&3td9 f g
FEsrAnhllI2] 28 FE2T s

S AFags AP A &3t
Je AFHEZE BHd
AC120-40B, 45AE <AZ 34
of F84 APHEPEAS AAgse AAS
g 3} A ok [4][5]16]

Analysis)2 H] ) 54

:10

O

FAA®]
283F7]

fd

2.

o

g weld 7%

2.1 AAAE ol &3 T8 dolg &

& d7dMe &3
AR 3197] g Trainerd0(1H1), A
¢)71 249 Extra 300s(ZE2)E 4 A3
o FHUH F&& APt

P HERL M PR

%) 2 Extra 300s

Mgzde 3 deod 2 mde 7)g

2% 1 Trainer40

<

HE o] g5t A
F, H&d. FA 94 4, 9, A9, 4
37101, A¥ T REEE FA3tA A}
< FE UFE
HEEAME dqolxdo] aiF&e gl 4%
< F7) gEd F4% vg9 dojxd A
S 2R F, 2o e IU9F FIES
AHS@T v YTl dsteE ¥ FES
d¥stn A9 AxDANA AFde g

B AA WEge F2

ok

it

Byl Hg3ch
AAASl HAEAL e Aol wet A
gt
N Y 43 A £, 1%, 2AYY
@ WY g AR AY FF, 797 w99
g3, 9g7lole & 99
® sea #2323 : BA, 79, vy A
234 99
3 23 : BA, 79, 79,
o 5 BEY g U
© WP 45 2 WS FE, RS A, 3

98, 997

- 143 -



22 9z 428 T A7
45 99 _
@ vls FRAT Aol Az AT HRA B A 7t %o #ymwe L, I, I, @&
o] g 49 AAAAAN F5T F Qe FolBE AA =2
B FHHAFE ol&F AT =L
THIE AAAZ Akl FRSA U camia £u A9 B9 AARE 78 ¥
g F&3te dE 2o H] 1 8o},
loput Pramelers 2212}_ -on ?‘ﬂ-i!]— DD)]E === MAN3&
o e S N e I S e I e B AU
o T e, [ e e [ P A B9 Extra300sE& A3y #AHE
g B Lot o, BB o o B | ] =
o ”‘ T AE $2 4L gg3 23]
i m7 L O %, pom__ | I W, 2 D2
I e N e T >;
Output Paramelers :
" e e ] R ] I: BREAE(kgm?)
O o R = T e S O . )
2 S e i Wi © cidel 57 (kgm/sec?)
LB [ B [y e v . me =
- B e B T 2% F71(sec)
o D : AelE Aol AF(m)
3 3 AAAoA 23 FUoE Y o
. L=
(Extra300s) L : Aol Zol(m)
Ao RFE AXR F23 dold F AEHY a¥ 58 7 S gid AAPRAE 3 A
olg o] AlEHE T8 HF F IRE E 19 d Aol
At
ZEAS | 55 g | 2AA% | 53 @
CLO 0.4119 | CMAdot ~2.283
CLA 45802 | CMQ ~3.0303
cla 5.7712 | CLB -0.1593
CDO 0.089 | CLP ~0.6177
CDA 0.90601 CLR 0.3744
cYB —0.4035 | CLDR -0.0127
CYP_ | -0.00975 | CNB 0.159
CYR 0.3148 | CNP ~0.0037
CMO —0.024 | CNR -0.2269
CMA —0.9076 | CLDE 0.4216
F 1 AMROIAN FET uREY niAHS
(Extra300s)

_144._



Al Eejold &5 o4& A SEE

=&% 2004.5.1 Zadign

El"?’] I:cz Iyy Izz
kgm? 0. 147 0.204 0.044

Erl=] Ay A3k

222 CATIAE ol &3 AYRUE F
3D AA S/WSl  CATIAE AHE3)
9 Extra300so] o3 MAE 3 F g

2 e

o

¥ 62 CATIAZ Z43 Extra300se] A
A grgoldt,

e

;
!
i
7
i
%
1

31 6 CATIA dA A+

the| I, Iyy 1, I,
kgm? | 0.241 | 0.352 | 0.0133 | -0.042
X 3 AERPE] ¥4 HA A4

¥ 29 E 39 AeA AdI@T dARS
Aolg FAT & JYut. ol AFWH o
Helld opld ez gAAY FyHez
THETE 22 HAAGRES Agsrlz @

X 4 BHRNEE Pt F 7kA ¥y

o digt - gFE BAFn gt
¥ HA(CATIA)

x| ~AH 2ol Fof wlE|-dA ezl SA[)
4|88 SEM2 Y goluMdode I xS
Hle + ws F5.

-Holg HZ Aol 7|

&4y, N RN
Bls 2 syzy aneFY H I8 27
SIHA of2ig.

-1 48 £& 27ls

E 4 AY U AAEY - A

3.1 v @A & o)A S/W(Virtual Flight) 471

A7 FE8 HFSY HolHES AHE
sto] BlBAEHold S/WS “Virtual Flight”
< A=e A 31[7], GUNGraphic User Interface) 2
43 AEsS PG Hrte) Hgatu gl
th. & 5% “Virtual Flight’sl §4& 2743

_145_



Br2 Al G20l EtE| 04 AHStAIH

3] =&% 2004.5.1 ZiE W

g vgss Hold

£3 a1
AF 2007 o RC 2EF[H ulFLS T
Z7lel vlWEAE 90%oll-Telv|, @Il 5 =2
4 sUsH 2 @ %7} go|
3%l A% DB A NE wAl
Crrst o7l g Slg  |ohe 5% dcks 5
AF/FHAE S SBE [H5d IHe
dgsol zdun 44 |NS¥zEdE v
Hul, eAE0g 345 Azl 4=

X 5 “Virtual Flight”?] &3

'7"%:, 7 Vlrtual Fllght"?—] Extra3005 B]*&"g‘““

3.2 FAA AC120-40B<] Subjective Tests

“Virtual Flight’ol 2&d B A5A wlol¥
=9 FEEE AF7 H8A, FULFE
o] Al gdelg FF AHEsta JE FAAY
AC120-40B % Subjective TestsE &8 3}
¥ 62 AC120-40B9] Subjective Tests &
T A2FFE7 HE7ls ¢ FEES UEd

o,

o

32 29W A7 A® 2EAS AR

AAA®H 243 2 dA Aoz F&£% 4
PEA dHlolHE
dole & Az
AlES Jdo2  ACI20-40B9] Subjective
Hgsted AFF7tE A PPt

7Rt aygn|grie Ag
=S

%, 2duarle Ag

TestsE

g a7s 2guYrle FHboy 257

a2 fE4 AFE AT AFRI dE Aol
Subjective Tests Hz
2 3= M2 s ojs
. 22X, AZ] & AMA”
Pre—flight v xH| :§<}30| 0]
AR TS o]
Pre—Takeoff -
re-lakeo Taxi 0]
Takeoff lulz{ ol Takeoff AMEY 0
axeo H|AA| 2] Takeoff AMEH 0
AS MEl 0
Inflight =3 Alel O
otz el 0]
nonprecision X
Approaches precision X
. dtxi ol | anding AHEH 0
Landing H|AAlS] Landing AFEH 0
Post Landing Roll, Taxi 0
a1t FX A|AEH =EH O
. 37| =5t v AI2H| X
Flight Phase oo Bhe 9 0
AN X] HX|2} parking 0
Visual system X
Special effect X

¥ 6 Subjective Tests?] 3tEz} HLojH

o d@A Agu gy 2788 2l diE A
Hole & AAst] AE Z2FALY TestE 13
AR, A 37019 RC 2dz 1709

2AL71E vPRdd Frlste Fde 7

- 146 -



sta lvh. FAlel AC120-40B2]  Subjective
=

7
73
@

W, 7158 Test 103] oldE& At A

=
4 w2 vPAEA dHoldE FEded F
=

€ AHgstd MBEY ReE Frsin
e 2FAE A5d 94 9%t ¥
5 Fulgrie &

Y54 WolHE Huste 13 U™ o

& FAHGg] &

[1] Jan Roskam, ”"Airplane Design”,
Roskam Aviation and Engineering
Corporation, 1986.

[2] Ira H. Abbott and Albert E. von
Doenhoff, "The of Wing Sections”, Dover
Publications, Inc. ,1959.

[3] R.C. Nelson, “Flight Stability and
Automatic Control”, McGraw-Hill, 1998.
[4] FAA AC120-40B, "Airplane Simulator
Qualification”, 1991.

[5] FAA AC120-45A, "Airplane Flight
Training Device Qualification”, 1992.

[6] &4 F, “Algdoldx AEHlE”,

Ad 8L, 2003.

[7] Yoon S., Lim J., Kim K., Ahn J.
"Development of a Simulation S/W for
Evaluation of Precision Auto-Landing

Algorithms for Unmanned Aerial Vehicles”,

Proceedings of AIAA Modeling &
Simulation Conference, Aug., 2003.

- 147 -



