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Table 1 Parameters defining relationship between a set of

SpaRibs to unit space
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Table 2 Geometric parameters of flying wing plane shape
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Table 3 Boundary of shape parameters of SpaRibs
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Table 5 Optimal individual of comprehensive shape and size optimization
Rl S Sy UL Aws FRER D B /(mes ) BIAEI % FLIAFA/C) B /kg K F1/MPa
A 20 20 816.09 4.24 —1.47 741.90 270.60
B 40 20 800.71 4.14 —1.41 780.08 261.38
C 40 30 802.27 4.07 —1.44 715.47 238.10
D 70 30 800.49 4.03 —1.46 706.17 280.63
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Aeroelastic optimization design of SpaRibs wing structure
ZHOU Quanzhi, YANG Youxu', SUN Lubin, ZHANG Xingcui, WU Yifei, HUO Mengwen
(School of Aircraft Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Traditionally, the internal structure of aircraft wings is generally straight spars and ribs. The use of
curvilinear spars and ribs (SpaRibs) can greatly broaden the design space of the aircraft wing structure and further
improve the aeroelastic performance of the aircraft wing. Since the linked shape method (LSM) is not easy to
automatically model, the projection mapping method was proposed to perform two space transformations to realize the
automatic modelling of the SpaRibs. Based on genetic algorithm, an aeroelastic comprehensive optimization design
method was proposed for aircraft wings with SpaRibs. The supersonic doublet-lattice method was used to calculate the
unsteady aerodynamics, and the modal method was used for the static aeroelastic analysis. The optimal design was
carried out by considering the flutter velocity and static aeroelastic deformation constraints. A comprehensive
optimization design calculation example of a flying wing aircraft shows that the flutter velocity can be increased by
20.34% on the basis of a weight increase of 1.321% for a wing with a SpaRibs structure. The size parameters are
further optimized on the basis of the SpaRibs configuration. Under certain constraints, the weight reduction is 21.76%
compared with the initial configuration; the comprehensive (one-step) optimization of the SpaRibs configuration
parameters and size parameters is combined, and the weight reduction can reach 26.44% compared with the initial
configuration. The weight of the aircraft wing can be effectively reduced by combining SpaRibs design optimization
and size optimization, which provides a fast and effective aeroelastic comprehensive optimization design method for
the overall design of the flying wing aircraft structure.

Keywords: curvilinear spars and ribs; aecroelasticity; flying wing; optimization design; configuration design;

preliminary design
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