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Method for extracting signal of lubricating oil wear debris based on
fluxgate sensor and CEEMDAN-DWT

Xue Qian, Wu Zhipeng, Yin Haicheng
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Civil Aviation University of China, Tianjin 300300, China)

Abstract: Online monitoring technology for oil debris is crucial for predicting and assessing wear
failures in engine components. This paper designed a novel magnetic inductive sensor based on the
principle of fluxgate. It converted the minute magnetic disturbances caused by wear debris into magnetic
induction intensity variations, and further into measurable induced voltage signals. To detect the weak
debris signals effectively, we proposed a method combining complete ensemble empirical mode
decomposition with adaptive noise (CEEMDAN) and discrete wavelet transform (DWT) for extracting
weak magnetic anomaly signals of debris. The CEEMDAN algorithm addressed the mode mixing issue in
empirical mode decomposition (EMD) by adding adaptive white noise, thereby enhanced the accuracy and
stability of decomposition. In addition, with the multi-scale analysis capability of DWT, the weak
magnetic anomaly signals buried in noise were captured and extracted effectively. Prototype experiment
results indicated that after extraction, the measured data of wear debris passing near the center of the

pipeline (which is further from the sensor and has lower SNR) exhibited SNR enhancements ranging from

W #s B B : 2024-11-19

EH S H KM SR H (X12023006901)

1B 2 181 v ie6E (1987—), 4, BIZER, L, DRSSO 2 TEHam A 22 2 AT R (% . E-mail: qxue@cauc.edu.cn

BEEE  REm(1999—), B, B2k, BRI N2 TG . E-mail: wzp18047264627@163.com

SIF AR R : HEA, SRR, PR, ST RGE 285 5 CEEMDAN-DWT ¥l k{5 SR BOT I 1. 148 3 1241, 2026, 41(8): 20240785,
Xue Qian, Wu Zhipeng, Yin Haicheng. Method for extracting signal of lubricating oil wear debris based on fluxgate sensor and

CEEMDAN-DWT[J]. Journal of Aerospace Power, 2026, 41(8): 20240785.

20240785-1


mailto:qxue@cauc.edu.cn
mailto:wzp18047264627@163.com

IR DA

%41

1 to 10 dB. With a signal fidelity range of 0.6 to 0.9, the denoising gain ranges from 0.5 to 1.

Keywords: aero-engine wear fault; magnetic inductive sensor;

lubricating oil wear debris monitoring; fluxgate; signal extraction
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Fig. 5 Fluxgate sensor for lubricating oil wear debris
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