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Dynamic Model for Flexible Nozzles Based on Variable Stiffness and Damping
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Abstract: In view of the problem that the control position precision and dynamic response of the control system of
a flexible joint have great effects on its dynamic hysteresis curve, based on the variable stiffness and damping model
with electro-hydraulic servo mechanisms and flexible joints, a electro-hydraulic servo mechanism-variable stiffness and
variable damping model for flexible nozzles is constructed and compared with the electro-hydraulic servo mechanism-
constant stiffness and damping model. The effects of the key parameters of the electro-hydraulic servo mechanism and
the working parameters of the flexible joint on the dynamic characteristics of the system are analyzed. The results show
that the hysteresis curves constructed by the electro-hydraulic servo mechanism-variable stiffness and variable damping
model could be more accurately consistent with the experimental results, it conforms to the change law of the hysteresis
curve with the frequency, and the effects of the parameters such as the feedback coefficient, the static amplification
factor of the amplifier, the gain of the electro-hydraulic servo mechanism, and the gain of the spool valve on the
dynamic characteristics of the system are more significant. This model provides a theoretical basis for adjusting the
dynamic characteristics of the electro-hydraulic servo-flexible joint system of a solid propellant rocket engine.

Key words: solid propellant rocket engine; flexible nozzle; dynamic characteristic; electro-hydraulic servo

mechanism; variable stiffness and damping model
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Fig.1 Experimental system for flexible joints
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Fig.2 Schematic diagram of the electro-hydraulic servo mechanism-variable stiffness and variable damping model
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Fig.3 Effects of the oscillating frequency on the hysteresis

curves
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