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The Model and Data-Driven Digital Twin Technology for Ultimate
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Abstract: A digital twin methodology integrating physical measurements with computational modeling was pro-
posed for predicting the ultimate load-bearing capacity of the key propellant tank structure in aerospace launch
vehicles. First, a refined finite element model (FEM) was established based on the tank structural design and
manufacturing process characteristics, to compute and analyze the structure strength, with results extracted
specifically in positions corresponding to physical measurement points. Historical experimental data from struc-
tural strength tests were subsequently processed and analyzed. With both the test data and the simulation out-
puts, a comprehensive training dataset was constructed for the tank structure ultimate load-bearing capacity
digital twin model. A long short-term memory (LSTM) network was then trained with this dataset to predict the
structure ultimate load-bearing capacity. Finally, a dual-mode ( offline and online interactive) digital twin sys-
tem was implemented to predict the tank structure ultimate load-bearing performance. This proposed method

significantly enhances virtual-physical testing ability and efficiency and reduces related testing costs and risks.
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