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Multi-scale simulation and verification test of vibration characteristics of
lattice-structured air rudder made by additive manufacturing

ZHANG Long, LIAO Wenlin, LIU Bowen, FENG Song, FAN Juntao

(China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract; In order to grasp the vibration characteristics of a lattice-structured air rudder made by additive manufac-
turing, this paper carried out its multi-scale simulation and verification tests. Firstly, the design and additive manu-
facturing of the air rudder with the body-centered cubic lattice structure are conducted with the selective laser melt-
ing method. Then, the repeated unit cel RUC) of the lattice structure is extracted and its periodic boundary condi-
tions are established. On this basis, the mesoscopic stress distribution of the RUC under different loading conditions
and the macroscopic equivalent mechanical performance parameters of the lattice structure are obtained with the
multi-scale simulation. The results reveal that the body-centered cubic lattice structure is orthotropic macroscopical-
ly. Finally, the natural frequency and mode shape of the air rudder are calculated with the method proposed in this
paper. The calculation results show that the simulation results are in good agreement with the verification test re-

sults, with the relative errors of the first three orders of natural frequency being less than 5.0%.

Keywords: lattice structure; air rudder; natural frequency; mode shape; multi-scale simulation; verification test
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