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Transfer learning-based method for predicting bearing loads in
elastic support shaft systems

ZHENG Zi—ling, SHI Liang, PAN Xun
(Naval University of Engineering, Wuhan 430033, China)

Abstract: Compared with the rigid support scheme of traditional ship shafting systems, the bearing load in an
elastically supported shafting system is more easily affected by external disturbances. To address the
difficulty in accurately obtaining the bearing load under different operating conditions after the ship is
launched, this paper proposes a method for predicting the bearing load of elastically supported shafting
systems based on transfer learning. This method focuses on the influence of vertical disturbance forces caused
by pressure changes in the air spring isolators on the shafting system. It collects strain data from characteristic
regions and air spring pressure data during the installation and commissioning phase of the shafting system.
These data, together with finite element simulation data, are used to build a bearing load prediction model
with a GA-BP neural network algorithm. Validation with measured data shows that this method has good
generalization ability and prediction accuracy for untrained operating conditions, with an average error of
8.8%.
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Fig.1 Factors influencing the variation of bearing loads in an elastically supported shaft system
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Fig.2 Finite element model
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Tab.1 Equivalent spring stiffness

e SR I

SRR 5.5%x10°~1.6x10° N/mm

e Fy 5 XJ71): 1x10° N/mm; YJ51i): 1x10°N/mm; ZJ71H]: 2.8x10° N/mm
1 4R X7l : 4.8x10° N/mm; ZJ7[i]: 4.5x10° N/mm
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Fig.3 Schematic diagram of sensor arrangement
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Tab.2 Finite element model simulation data

4R A WIS Jue R EAT kg
Tefa] Sy 1t CHI1 CH2 CH7 CHS CH9 S1 S2 Wil w2
3 30.97 27.67 18.60 12.14 0.20 1427 816 2519 2333
35 31.55 28.20 18.76 12.28 0.20 1594 944 2613 2146
4 35.29 31.54 19.81 13.14 0.21 1796 1036 2732 1914
4.5 39.03 34.89 20.86 14.00 0.23 1995 1128 2852 1682
5 42.71 38.23 21.90 14.86 0.24 2196 1217 2972 1449
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Tab.3 Accuracy of various sensors
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Tab.5 Effect of air spring load change on bearing load
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Fig.5 Flowchart of the two-stage prediction model for bearing load increments
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Fig.6 Neural network topology of the two-stage prediction model for bearing load increments
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Tab.7 Comparison of prediction performance of different algorithm models on Test Setl

PRI TRZEHAY SUZRAMIM AT S2#RAFMT WM, W2zkfrills 400 3R 2
MAE (k
SVRELIE (kg) 324.6 141.1 80.2 122.8 167.2
MRE 30.3% 14.4% 8.2% 6.8% 14.9%
MAE (kg) 24 4 164. 438. 475.1 )
L2 b g 9 64.7 38.9 75 750.8
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Tab.8 Comparison of prediction errors of two models on Test Set2

R % PRI SIZRAIM AT S2#RMf I A W1kl s W2karill s, 405 iR
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U B 7R £
MRE 17.5% 6.7% 5.8% 5.2% 8.5%
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Fig.8 Comparison of prediction performance between two models on Test Set2
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