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Fault diagnosis method for rolling bearings
based on HPRIME-TCN-BiGRU-Attention

YAQO Zhenghao', HU Mingmao''?, GONG Jiayu', GONG Qingshan'?, JIANG Yu', WANG Xu'
(1. School o f Automotive Intelligent Manu facturing ,
Hubei University of Automotive Technology, Shiyan 442000, China;
2. Hubei Provincial Key Laboratory of Automobile Power Transmission

and Electronic Control , Hubei University of Automotive Technology, Shiyan 442000, China)

Abstract: To address the abnormal vibration signals of rolling bearings under various fault types
during operation and the hyperparameter tuning issues of fault diagnosis models, a bearing fault diagnosis
method combining the hybrid parallel Rime-ice optimization algorithm (HPRIME), temporal convolutional
network (TCN), and bidirectional gated recurrent unit (BiGRU) with Attention mechanism is proposed
to improve diagnostic accuracy. The vibration signals of rolling bearings extracted by the optimized
variational mode decomposition (VMD) algorithm are used as sample features. TCN transforms these
features into a data matrix, which is then input into the BiGRU-Attention model. An improved
HPRIME is introduced to optimize the hyperparameters of both VMD and BiGRU-Attention, thereby
constructing the HPRIME-TCN-BiGRU-Attention fault diagnosis model. The effectiveness of the model
is validated using publicly available rolling bearing vibration data from Case Western Reserve University.
The results show that the proposed method achieves average accuracy of 98. 85% and 98. 86% under
three variable load conditions and two data imbalance scenarios, respectively, representing an 8. 08%
improvement over the original GRU model. Additionally, the method’s robustness and generalization
capabilities are verified using bearing data from Southeast University.

Keywords: rolling bearings; fault diagnosis; RIME optimization; bidirectional gated recurrent unit;

temporal convolutional network
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