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Proposal of Pipe Pressure Mode Analysis Method in
Propulsion System for Predicting the Pogo of Space
Launch Vehicle

SangGu Lee* - SiHun Lee* - SangJoon Shin*'

ABSTRACT

Among the factors considered in the design stage of a space launch vehicle using liquid
propellant, research has been focused out on the pogo phenomenon, longitudinal dynamic
instability. The pogo phenomenon refers to the instability that the longitudinal vibration of the
launch vehicle structure causes a change in the pressure and flow rate of the fluids in propulsion
system, and this change re-excites the fuselage structure. This mechanism constitutes a closed
system to gradually increase the vibration of the launch vehicle. This paper specifically focuses
on the dynamic analysis of pressure and flow changes in the propulsion system. Based on the
example study of the space shuttle, the acoustic modal analysis of the propulsion system is

performed to predict the modes of the supply line causing instability of the fuselage.
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Table. 2 Comparison of Numerical/Analytic Results

[Hz] Analytic |Differ.
Present .
mode solution[1]] (%)
Ist 100.62 100.40 0.22
2nd 301.84 300.98 0.27
3rd 502.98 501.52 0.27
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Fig. 4 First to Third Mode Shapes of the closed-open
system
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Fig. 5 Space Shuttle Interpump line in LOX system[2]
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Fig. 7 Mode Shape of the Space Shuttle Interpump
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