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A modular transfer learning-based method for predicting high-load
support reactions in full-scale static tests
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2.National Key Laboratory of Aircraft Configuration Design, Northwestern Polytechnical University, Xi’an 710072, China;
3.National Key Laboratory of Strength and Structural Integrity, Aircraft Strength Research Institute, Xi’an 710068, China;
4.Key Laboratory of Aviation Science and Technology on Full Scale Aircraft Structure Static and Fatigue Strength,
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Abstract; To address the problem of neglecting load uncertainties and structural deformation in conventional
support reaction calculations for full-scale aircraft static tests, this paper proposes a novel approach based on modu-
lar transfer learning for accurately predicting high-load support reactions. The proposed method introduces a modular
transfer learning framework in which separate models are developed to account for loading uncertainties. A primary
prediction model is first established using historical test data to exiract general static testing characteristics. Subse-
quently, a residual correction model trained with low-load data from the current test condition is integrated, enab-
ling adaptation and correction of prediction errors specific to the present testing scenario. Additionally, to explicitly
consider structural deformation effects, a binomial regression technique is employed to estimate loading-point coor-
dinates at high-load levels, facilitating accurate determination of loading directions. By combining these coordinates
with spatial force equilibrium equations, precise prediction of support reactions is achieved. The effectiveness and
accuracy of the proposed method are validated through a full-scale static test case involving a representative verifica-
tion aircraft. Comparative analyses demonstrate that, compared with traditional rigid-body assumptions, the devel-
oped method significantly enhances the prediction accuracy for high-load stages, thereby providing robust theoretical

and technical support for support reaction estimation in large-scale and complex testing environments.

Keywords; full-scale static test; modular transfer learning; load uncertainty; structural deformation; support reac-

tion prediction
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