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Fluid-solid coupling response analysis of propellant tank

in attitude-orbit control system under impact load
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Abstract: A propellant tank will generate strong fluid-solid coupled vibration under the high-magnitude
impact load, which may cause structural damage in severe cases. In order to precisely predict the impact
response of liquid-filled tanks and reveal the mechanism of fluid-solid coupled vibration inside it, a
coupled dynamics model of the liquid-filled tank was established by adopting smooth particle

hydrodynamics (SPH) in combination with the structural finite element method. Acceleration results of
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the tank with different loading magnitudes and filling ratios were calculated and compared with those

obtained from experiments. The results show that the acceleration response of the tank fluctuates sharply

under a high magnitude load with a high filling ratio. For the calculated tank, the fluctuation occurs when

the magnitude reaches —3 dB at a full filling ratio, with a peak value of 5.33g. The fluctuation also

occurs when the filling ratio reaches 75% at 0 dB, with a peak value of 7. 88g, while the most obvious

fluctuation appers at 0 dB with a full filling ratio, with the peak value of 24.24g, which is only 2. 7% off

from the experimental results. By analyzing the motion pattern of fluid and structure during the impact

period, it can be seen that the fluctuation of acceleration response after the impact is triggered by the

violent collision of fluid and shell after the separation between them.

Keywords : propellant tank; SPH method ; half-sine impact; fluid-solid interaction; dynamic analysis
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Fig.3 Schematic diagram of the test tank and test system
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