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Abstract

This paper proposes a diagnostic method for hydrogen leak faults in Proton Exchange Membrane Fuel
Cells (PEMFC) by combining Complete Ensemble Empirical Mode Decomposition with Adaptive Noise
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(CEEMDAN) and Adaptive Threshold Denoising (ATD) techniques, effectively addressing the challenge
of extracting fault features hindered by signal noise interference. The specific steps are as follows:
Firstly, CEEMDAN is used to decompose the collected vibration signals; then, Grey Relation Analysis
(GRA) is employed to screen out noise-dominant and signal-dominant components; subsequently, ATD
is applied to the noise-dominant components, which are then reconstructed with the signal-dominant
components; finally, accurate identification of hydrogen leak faults is achieved through Teager Energy
Spectrum Analysis. To verify the effectiveness of the proposed method, PEMFC data generated by a
mechanistic model is used for testing, and the results are compared with those obtained using CEEMD-
ATD and CEEMDAN combined with wavelet threshold denoising. Experimental results demonstrate that
the proposed method has significant advantages in adaptability and denoising performance, effectively
improving the diagnostic accuracy of hydrogen leak faults in PEMFC.
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Figure 1. Process flow of CEEMDAN-ATD
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Table 1. List of structural parameters of PEMFC
%= 1. PEMFC #9883k

FFs ZH HfH
1 JigE )5 25 pm
2 TEPETAR 100 cm?
3 GDL &2 300 um
4 PEAL T B 0.4 mg/cm?
5 B A EER
6 BT AR H

MHRFLAE A 0.1778 mm, RN 0.2794 mm .. SR AL B A8 A B AE FH AR B BT . 525618 & PEMFC
TAEHREE N 0.6 Alem?, RAEFAAZT, REESIFN 12 kHz, KEEREIKEN 1 s, LIS H0K
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BAEEVERE: 65°C, FAtRES: 1.5 atm, BAMIE/: 1.0 atm, PBHARAHXIREE: 90%, [HHRAHXHE B .
80%, ASUHE: 1.2 SLPM, 57K HE: 2.5 SLPM.
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Figure 2. Time-domain waveform of the test set and reconstructed signal for mild hydrogen leak in PEMFC
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Figure 3. Teager energy spectrum of mild hydrogen leak in PEMFC Using C-A method
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Figure 4. Teager energy spectrum of mild hydrogen leak in PEMFC using CA-W method
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Figure 5. Teager energy spectrum of mild hydrogen leak in PEMFC using CA-A method
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Table 2. Grey relation analysis of decomposed fault signals for mild hydrogen leak
= 2. BESSIHRSPEES S RERE XKD

T RE MR AR A5 5 R AR 0 SR IR L 7 46 R

IMF 4> & RIRSE PR 2
IMF2 0.7218 g
IMF3 0.7275 i
IMF4 0.7289 i
IMF5 0.7287 g
IMF6 0.7284 i
IMF7 0.7227 g
IMF8 0.69 B
IMF9 0.5925 59
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Figure 6. Time-domain waveform of the test set and reconstructed signal for severe hydrogen leak in PEMFC
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Figure 7. Teager energy spectrum of severe hydrogen leak in PEMFC using C-A method
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Figure 8. Teager energy spectrum of severe hydrogen leak in PEMFC using CA-W method
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Figure 9. Teager energy spectrum of severe hydrogen leak in PEMFC using CA-A method
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Table 3. Grey relation analysis of decomposed fault signals for severe hydrogen leak
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PR IR A 5 10 2 TR P 3 M 45 R

IMF % & PRI PRUTIE £ 314
IMF2 0.7218 g
IMF3 0.7275 g
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IMF8 0.69 L&D
IMF9 0.5925 55
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