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Design and Simulation of Comb Wing Rib Structure of
Flexible Variant Aircraft

DUAN Yueru, GUAN Shixi
(School of Aerospace Engineering, North University of China, Taiyuan 030051, China)
Abstract: The integrated aircraft needs to meet the wide speed range, complex and changeable mission
environment, and the traditional fixed-wing aircraft can not meet many flight requirements. In view of this
situation, a comb wing rib structure was designed to actively change the shape of the wing by controlling
the deformation of the wing rib driven by intelligent materials, which can improve the aerodynamic perfor-
mance of the aircraft, and adapt to the task environment of the intelligent deformation UAV. Based on
Ansys Workbench, the static analysis of the wing rib structure was carried out and the dynamic deforma-
tion process of the chord bending was simulated. The deformation angle of the front and back edges of the
wing rib structure was taken as the key optimization objective to optimize the structure parameters of the
wing rib, so as to obtain the best combination of structural parameters of the wing rib. The experimental

results show that the optimized wing fin structure can achieve a leading edge deflection of 10. 75" and a
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trailing edge deflection of 10. 75° on the premise of meeting the yield strength requirements. This deforma-

tion not only improves the lift-drag ratio of the aircraft, but also effectively improves the aerodynamic per-

formance of the aircraft under subsonic conditions. The comb wing rib structure driven by intelligent mate-

rials proposed in this paper can realize the stable deformation of the front and rear edges, enhance the

climbing ability of the aircraft, and reduce fuel consumption, and provide more flexible and efficient flight

control performance. This paper uses the method of simulation experiment, and the results have some

errors with the reality. We can use the actual wind tunnel experiment in the future.

Key words: variant wing; wing rib structure; smart materials; intelligent drive; aircraft
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Tab. 3 Floor geometry parameter description
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Fig.1 Definition of geometric parameters of the floor (horizontal

line is the center line of the airfoil )

B A 2 0 038 1l &5 4 4 L AT 2 Bctn 55 3 e
N o SO B INASTE e SU Al g s PERE R I R A
RZ , (07 FE 58 RE UK s bHRHE D S 4 B G %
B, VLRARIE A e B R e i S, AU IR
® 2 P R SR, HL S A B R R R Y
T KRG, 5008 I S BRI B 12 mm, SR
o5 mm, FIZEERN 124, JRER4ER N 124,
RBRCH RN 4 PR,

S AR A TR B e 4k, A5 EUHLEE A 04 F- 1f
AR 2 Fros o HLIL N AR Y = 4 57 (8 R

HH-| || [0

al
K2 BRI SR ) 25k 1 7 i 14

Fig.2 Plan of the comb shaped corrugated wing rib structure
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Fig. 3 Three-dimensional figure of comb corrugated ribs
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Fig.4 Deflection angle of chord bending
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Fig. 5 Finite element model of wing rib
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Fig. 8 Floor horizontal lateral displacement nephogram
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Fig.9 Floor vertical longitudinal displacement nephogram
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Tab.5 Parameter of front and back edges
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Tab.9 Comparison of experimental and simulation data
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