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Abstract: In consideration of the instability of attitude control system caused by coupling resonance between engine ¥ % A % 3 25

harmonic oscillation and launch vehicle’ s elastic vibration, dynamic coupling stability and mechanism between engine
harmonic oscillation and launch vehicle’ s modes are studied, and the engine harmonic oscillation frequency boundary
due to the instability of attitude control system is also computed. Firstly, the dynamics of engine oscillation is simplified
as a second order system, and an attitude dynamic model of launch vehicle including engine oscillation equations is
derived. Then, the influence of engine oscillation on launch vehicle’ s modal frequency and damping is analyzed, and
the mechanism of coupling resonance between engine oscillation and launch vehicle’ s modes when the modal
damping is negative is also analyzed theoretically. Based on this, the engine oscillation frequency boundary which leads
to the instability of attitude control system is also computed. Finally, the analytical results are validated by time domain
simulation. The results show that coupling resonance between engine harmonic oscillation and low order mode will
arise when the the engine oscillation frequency is lower, at that time the phenomenon of attitude angle and attitude
angular velocity’ s oscillation and divergence will appear. The stability requires that engine harmonic oscillation
frequency is higher than the maximum of the harmonic oscillation frequency boundary. The studies in this paper can
provide some references for the design of attitude control system.
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