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Flight Loads Analysis for 4-Seater Canard Airplane
Jeong-Woo Shin*, Tae-Uk Kim**, Sang-Wook Lee***,

Jae-Yeul Shim****, In-Hee Hwang*****

Abstract

Civil aviation regulation such as FAR and loads analysis procedure based on this
was explained, and loads analysis procedure and results for Smart UAV was presented
for application case. For loads analysis, applicable regulations and loads conditions
should be prepared in advance, and modeling for aerodynamics, weight, and structure
should be performed. Panel method is usually adopted for aircraft loads analysis to
obtain aerodynamic loads. In this study, ARGON which is multidisciplinary fixed wing
aircraft design software co-developed by KARI and TsAGI was used for loads analysis.
ARGON can be utilized for flutter and stress analysis as well as for flight and ground
loads analysis. In this paper, flight loads analysis of 4-seater canard airplane was
performed with ARGON and that results were presented.
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Flight Loads Analysis
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a2 2. Loads Analysis Procedure of the
Firefly
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I 1. Weight and CG of the Firefly

FEASA
=
(kg FS BL WL
(mm) | (mm) | (mm)
W1(MTOW) 1261 | 3328 0 59
W2(ZWEW) 1144 | 3299 0 44
W3(ZWFW-2P) | 991 | 3341 0 40
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Load Factor
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3. V-n Diagram for Maximum Take-off
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I 2. Symmetric Flight Conditions of the Firefly
Load ) ~
FAR EAS | Factor Piteh Accel. e
Pos. | Neg. Flap | Elevator
§23.333 Va | M | - - R Sp
§23.333
§23.341 Ve | Mm - - - Spp
§23.425(a)(c)
§23.333
§23.341 Vp | M | - - - Opp
Steady Flap | $23425)()
Symmetric . 5
Flight Retracted §23.333 Va - | Mg - . B
§23.333
§23.341 Ve | - | M - - Opp
§23.425(a)(c)
§23.333
§23.341 Vo | - | M - . Sup
§23.425(a)(c)
Unchecked §23.423(a) Va | 1 - w, - Max
Maneuver | §23423(a) | Va | 1 | - w, - Min
§23423(b) | Va | 1 | - | PRmelm 1Sl S
Pitching §23.423(b) Ve | 1 - " - O
Condition Checked §23.423(b) Vp | 1 - " _ O
Maneuver §23.423(b) Va | 7 ] 39n,,% 1(/7,,,,,71 5) | o
§23.423(b) Ve | ™ - ” - .
§23.423(b) Vo | M - ” . S s
Bt s FPE AWFHFNFY SE
5 FojsE ® 49 2ok

v 72+ A (FAR23)O| waw, Hgaszde
A A 7]%5 27 (Symmetric Maneuver)Z} H] )
X Maneuver) 2.2 Y&

I‘}L

Unsymmetric

34t % 71 (Steady Symm
-etric Maneuver)Zx 3] %] 7] & (Pitching Ma
-neuver)Z 183 F & EF(Vertical Gust)Z

Aoz e F o £ JArsxde A
A 7] 5 (Checked Maneuver)i?jj H A A5
(Unchecked Maneuver)Z7 2.2 UE F

(£ 2).

o)
pos
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I 3. Unsymmetric Flight Conditions of the Firefly
Load Factor | Roll | Yaw =3H
FAR EAS Pos. |Neg.| rate | rate | Aileron |Elevator| Rudder
§23.349(b) _
o V 2 3><nm, - wz - M 0 -
Rolling §23.455 | B
conditions " Ve | 2/3xn, | - Wy - dac Opp -
7 VD 2/3><nm, - 1/3w - §AD 6EB -
Yawi §23.441(a)(1) | Va 1 - - 0 Oap Opp max.
awing §234410)2) | Va | 1 - oo | s | | max
conditions -
§23.441(b)(3) | Va 1 - - 0 dap o 0
Lasteral Gust §23.443 v 5 0
loads* §23.333(c) ¢ N
Unsymmetric
23.427 - - - - -
loads in h.tail** 3 @
F 4. Limit Maneuvering Load Factor and Gust Factor), what(Mach Number), iL%(Altitude)
Load Factor of the Firefly 7183 &9 (Dynamic Pressure) 59 JHE
It}
Weight Vy Ve Vo
38 3.8 38 22 3Hmdzd
Maneuver
-1.52 -1.52 0
Wi - 377 1 299 ARGONS s d(Panel)ai Al WHe  ahtel
Gust - 1.77 | -0.99 VLM (Vortex Lattice Method)2 AM&-3tt}h. &3
Maneuver |—2 38 38 7ol Zgdks 4YEEE & TR (Velocity
W2 -1.52 -1.52 0 Potent1a1) ool 3t AE nmE uowg/gl(ﬂ (1))94
- 3.85 3.05
E g 4= 9)
Gust - 185 | 105 JFzHE 7+ 4 Uk
3.8 3.8 3.8 )
W3 Maneuver -152 | -1.52 0 (1 =M7)put ¢y + ¢ =0 @
Gust - 3.96 3.11
R 196 | 111 o714 Mg wsiolty, XEld ¢ s[4]9
FANAL A P18 AIB gl A
H]EH;(O]7] d’g‘ i ]E(Rolhng Maneuver)?i: = L]—l,——:ﬂ_ ZJ'- Eﬁgoﬂ %—]Xéiﬂ_ 701_5-__9] ETO] 94_%
& A5 awing Manewen £ 292 5 vores singulariy)’} $34E Aoz A9
3T =z AyA
AEFEide Guzd e b F A% (9 g wast(angle of Atacol FoI8 W £
Azl AN TH e NAHT 28 gy a4 @z 538 F U0
o] AW, BE FHEXUS 1H3H Fud
A he) wigsks 2310] AT (Ap) = [4] {q) @)
SR dERAL TR e B

F %7195 (Load Condition Name Convention)
B3l Aolstel gstiopt At wns
Z7o12L 28719 BAZ TAsIPoH,
f‘é’:}(Alrcraft Con1Zuration), 715 £F
423} H] <= (Normal  Load

ot 1o rulo of
ol
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(Maneuver Type),

o714 [Al= ¥ ¥F FZ (Aerodynamic
Influence Matrix) ©]t}.

a9 4= Wigse] ¥ mdojn,
10167019 ¥ 718 99 (Aerodynamic Panel)Z
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a3 4. Aerodynamic Model of the Firefly

FAF= ZE#o]A(Strake)?t F(Wing)L

2 FELYT, 479 Qo w AAEger 1d
59} 2l FUHEE QA 02°, EddAE
-2°9] &% Z(Incidence Angle)° zromn 200 A

17} (Dihedral Angle)s Zi=th. AYU= (Canard)

= 3% 63} o] sl ooz dAHL
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a7 5. Wing Airfoil Configuration of the Firefly

a2l 6 Canard Airfoil Configuration of
the Firefly
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Aeet obyel #4 B9 E(Moment of Inertia)
THAE B3] F8ske= 20| FL35Th

N

L

2-JUL-2003 13:07  Alreraft Y seats swall alrcraft warch 10, 2003 *SI* systew: Force [kN]  _ppony-
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a8 7. Weight Model of the Firefly
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a2 10. Total Wing Shear Envelope of the Firefly

FIREFLY TOTAL WING LOADS DISTRIBUTION ENVELOPE
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a#g 11. Total Wing Bending Moment Envelope of
the Firefly
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FIREFLY TOTAL WING LOADS DITRIBUTION ENVELOPE
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a7 12. Total Wing Torsion Envelope of the

Firefly
a3 132 FY9 w3 EHE HEH 2d
EQ A52AE HAxE RHoFa 9ty sz
AEE B VMT AZdA 1dEA] g2 F8
dExne AP AR AN 7)15D &)

Total Wing Pitching and Roling Interaction Envelope (Total, FS 155.51 BL 25.20))

oM
—

40000 /
b -
=
—
N

Torsion (Ibf-in

0 \
e
B
~20000
Gar
\\Jﬁz B

40000
~150000  -100000  -50000 0 50000 100000 150000 200000 250000 300000
Bending Moment (Iof-in.)

vz |
,1—"1 L31M

a2l 13. Bending Moment & Torsion Interaction
Envelope of the Firefly
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