Dynamical Systems and Control #l/7 &4i 544, 2017, 6(1), 10-15 Hans )i
Published Online January 2017 in Hans. http://www.hanspub.org/journal/dsc
http://dx.doi.org/10.12677/dsc.2017.61002

Supersonic Aeroelastic Bifurcation
of Nonlinear Truncated Conical
Shells with Initial Stress

Chenguang Fan®, Yiren Yang

School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu Sichuan
Email: ‘weight_80@163.com, yangriren05@126.com

Received: Nov. 15", 2016; accepted: Dec. 16, 2016; published: Dec. 19", 2016

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The influence of initial stress on the nonlinear flutter of circular truncated conical shells in axial
supersonic airflow was investigated. The piston theory was used to calculate aerodynamic force.
Nonlinear aeroelastic equations of circular truncated conical shells with initial stress terms were
established. The nonlinear responses of circular conical shells under different initial stress levels
were studied by one dimensional differential quadrature method (DQM), considering the influ-
ence of rotating angular speed. The results show that, the influence of initial stress can change the
critical aerodynamic pressure of Hopf bifurcation. As the aerodynamic pressure increases, the in-
fluence of initial stress on the amplitude of the limited cycle oscillation decreases. No obviously
multi-periodic phenomenon was found in the response research with the compressed stress as
parameter. The bifurcation is a Hopf type upon the critical compressed pressure. As the com-
pressed stress increases, the amplitude of limited cycle oscillation increases.
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Figure 1. Truncated conical shell model
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Figure 2. Hopf bifurcation curves of aerodynamic pressure with different initial
stresses: (a) Amplitudes of limited cycle oscillations with different axial initial
stresses (here, “-” means compression); (b) Amplitudes of limited cycle oscillations
with different circumferential initial stresses (here, “-”” means compression)
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Figure 3. Hopf bifurcation of shell displacement with different initial stresses
(here, N, is compression stress)
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Figure 4. Hopf bifurcation of shell displacement with different initial stresses
(here, N, is compression stress, 2=10)
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