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Abstract

To effectively identify bearing vibration anomalies and achieve early warning, this paper proposes
a bearing fault early warning method integrating Schwarz Information Criterion (SIC) change-point
detection with relational networks. To address the inadequacy of the traditional 3¢ criterion in han-
dling non-normally distributed data, the Schwarz Information Criterion (SIC) is introduced for global
change-point detection. Considering the practical scenario of limited bearing samples, a few-shot
condition assessment model based on relational networks is constructed. During the model training
phase, the SIC criterion is first employed to perform change-point analysis on historical bearing data,
based on which support sets and query sets are established; the relational network subsequently
learns the nonlinear discrepancy metric among feature embeddings of samples in different states. In
the online monitoring phase, real-time bearing operational data are collected, and their feature rela-
tional scores with respect to healthy samples are computed as health indicators. Furthermore, dy-
namic detection thresholds are determined by incorporating k-means clustering to enable real-time
state discrimination and early warning of bearing operation. Compared with conventional fault prog-
nosis methods, the proposed approach maintains satisfactory early fault identification capability un-
der few-shot conditions, offering a novel technical pathway for bearing condition monitoring and
fault prognosis.
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Figure 1. Relation network structure
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Figure 2. Principle diagram of squeezing-excitation channel attention
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Figure 3. Spatial attention structure diagram
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Figure 4. Long term vibration warning process diagram for hydroelectric units
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Table 1. PHM2012 bearing dataset
# 1. PHM2012 3R SRS

T T 1 T2 T3
Bk 11 M7k 2 3 MK 33
Bk 1.4 K2 4
S HhAK 1.5 HiK 25
Bk 1.6 & 26
Mk 2 7
A& 12 &k 2_1 Bk 31
A& 13 A2 2 M7k 3_2
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Table 2. Operating conditions
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Figure 7. Health status detection results
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Table 4. Comparison of fault warning results of different methods on Bearing 2 2
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Figure 8. Real-unit health condition detection results
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Table 5. Comparison of fault warning results of different methods on real turbine units
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