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Fig. 1 The body- and Earth-fixed reference frames
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Fig. 2 The sketch of planar deployable wing
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Table 1 The parameters of airfoil profile R
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Parameters Value Table 2 The parameters of aircraft
Relative thickness ¢ 7.8%
Position %, 30% Parameters Value
Relative camber ratio f 1.58% Body length 16 m
Position ;/_ 41.3% Wing-area 50.4 ~72.8 m?
Stalling angle of attack 16.8° Rotational inertia /,, 15546.3 m®
Zero-lift angle -1.3° Wing-span 20~28 m
Mass 1340 kg
Velocity 34 ~ 144 m/s
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Fig. 3 The coefficient of lift versus angle of attack with full scale wing
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The aerodynamic coefficients versus wingspan changes
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Fig. 6 The effect of wing-span change on climbing flight



48 B o 5 & OH o R 2014 445 12 %
60 35
sal 28
2.1
EAR 2 14
S <
09} 0.7
0.0
36t ) , . . . .
0 2 4 6 8 0 2 4 6 8
t(s) 1(s)
(a) WITHEEE (b) PLIF IEE
(a) Flight velocity (b)Acceleration of plunging motion
T AT b R
Fig. 7 The effect of wing-span change on diving flight
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Fig. 8 The effect of wingspan change on turning flight
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THE EFFECT OF WINGSPAN CHANGE ON LOW SPEED FLIGHT
OF A MORPHING AIRCRAFT "

Chen Yanan Yu Bensong Jin Dongping’
(State Key Laboratory of Mechanics and Conirol of Mechanical Structures, Nanjing University of

Aeronautics and Astronautics, Nanjing 210016, China)

Abstract The flight dynamics of a morphing aircraft is obviously depended on the wing shape, because it results
in different aerodynamic properties due to the mass reallocation and inertia change. This paper studies the flight
dynamics of a changeable wingspan aircraft in low speed flight. Starting with the modeling of the morphing aircraft
on the basis of Lagranges equation, a set of longitudinal dynamic equations for a planar deployable wing is estab-
lished. At the same time, the low speed aerodynamic parameters for fixed wingspan are calculated with the vortex
lattice method. Afterward, the corresponding aerodynamic coefficients versus the wingspan changes are deter-
mined through the use of linear interpolation method. The effect of wingspan changes on the flight dynamics of the
simplified morphing aircraft are analyzed for different flight status such as level flight, climbing, diving and turn-
ing. The results show that wingspan change would influence the flight status of morphing aircraft especially in the
longitudinal flight so that the relevant control must be taken in order to keep the stability of the flight of a

morphing aircraft.

Key words morphing aircraft, flight dynamics, deployable wingspan, aerodynamic property, stability

Received 15 June 2012 ,revised 6 July 2012.
# The project supported by the National Natural Science Foundation of China (91016022 ) , Program for Changjiang Scholars and Innovative Research
Team in University (IRT0968) , and the Fundamental Research Funds for the Central Universities ( NS2012034)
1 Corresponding author E-mail: jindp@ nuaa. edu. cn



