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Parameter Value
P air density 1.225

1 ac
Fry, =[00 E'DVZSO_aL (a+6)]" S Total wing area 0.16

Ta1, = Tar, T RO0a1 - Ta1,

A
=

Char Average protest 0.067
Myq =141, X F1yq
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-
=)

m Total aircraft weight 2

Taze = Tazo T RO4z * Taz, g acceleration of gravity 9.806

Body inertia matrix diag([0.294 0.588 0.706])
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Frp =[00 = pV?S =L (@ + 8] boay
“ Lingsiocar Wing local inertia matrix diag([0.2 0.05 0.25])
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1 T Ho

My, =14, X Fr :
42 7™ TA2c 42 Mying wing mass 0.4

My = Myq + My, dC,/0a Variation in lift coefficient with angle of 0.1

FTA = FTA]_ + FTAZ attack

b . . . . _ T
Tandem-wing UAV Model i . Ta1, Aileron mean cerflti" p01?t v:lh(eln hindwin [-100]
g = 1g,, — Lc0S(Ouepioy) (= 740) gs are fully extende

0

1 aC, - -
Fro =[00—=pV2s—L ST RO44 Rotation matrix
e = [00 = pV2S == (a + 8]
(=R0y42)
Mg =15 X Frg Ta1, Center point of Alieronl when hind wing
s are fully deployed
Center point of Alieron2 when hind wing
C, s are fully deployed
Frg = [0 — EPVZS da (a +684) 0]" Elevator mean center point when front w
ing is fully deployed
Mp =13 X Fry Rudder's average center point
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Fig. 1. Fully Deployed Configuration Fig. 2. 45° Deployed Configuration

Table 1. Main wing parameters Table 2. Fuselage and tail geometry parameters

Variable Value Variable Value
Wing Type Tandem Wing Fuselage Leneth 1.0m < 7-I 5 AI = E.II o I *1 >
Span 600 mm (per single wing) uselage Leng (1000mm) = O E |
Surface 0.16 m* (total for four wings) 0.076 m

Aspect Ratio 9 (based on b2/S total) Fuselage Diameter (76 mm) __I-L = EI E =l Ol El— F
Mean Chord 0.067 m Tail Configuration Twin Vertical Tail i =

Root Chord 0.08 m  (limited to 10 cm chord) Al |—|' E.l _CP_ _C_)_l MAT I_A

Tip Chord 0.054 m Tail Span 0. 146:5m1(14§1.5 mm,)
Taper Ratio 0.67 (per single tail)

Incidence 2.5° Tail Chord 0.075 m Om/SZE AE_lg __CID: LE_F7H xI_-I7H 7_II-E Eél-(}”
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Variable Value
X = [pITv: Ug, qT: w?,f, edeploy ]T Dn, Position
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Up Velocity

. Atti
Up = EFaeroB — (wp X Up) ttitude

wWp Angular Velocity

Attitude [-]
Attitude [-]
Attitude [-]

Odepioy Wing Deployment Angle

wp = It;)%al(MaeroB — (wp X (Itotar - WB))) Faerog Total Force - D - w .Y : o

T [ Time [s]
Mgero B Total Moment 1 5] Time [s]

By = Rgyy - Ug Liotal Time-Varying Moment of Inertia (a) (b) (c)
x (I : G ic Effect
wp X ( total = 5 ) yroseopie BHeCS Fig 5. Rolling scenario in ()@ = 0°; (b)0 = 15°; ()@ = 30°
1 Py Velocity in the NED frame
] = =Q(wp) -
1 2 (@g) " q Rgon Rotation matrix transforming from the
body frame to the NED frame
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Itotar = Ivoay t wing,or T Iparaitelgyis Variable Value

I Intrinsic inertia tensor (without wings)
_ T body g
Iwingrot - Rdeploy(edeploy) ) Iwinglocal ) Rdeploy(gdeploy) (7)

Iparallelaxis = Mying * (dT&) (8)

Lying, o Inertia moment change (by wing rotation) ©

Lparatiel gy, Inertia tensor change (by wing rotation)

Fig 6. Pitching scenario in (a)@ = 0°; (b)@ = 15°; (¢)0 = 30°
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Fig 7. Yawing scenario in (a)8 = 0°; (b)0 = 5°; (¢)0 = 10°

Fig. 3. Location of control surfaces Fig. 4. Changed control surface positions
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	슬라이드 1: 비행 중 전개되는 텐덤윙 UAV의  비선형 동역학 모델링 및 검증

