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Abstract: To investigate the fault states of automotive electronically controlled gear pumps under complex working conditions, it is
necessary to achieve real-time monitoring of gear pump vibrations and extract the evolutionary characteristics of fault signals. Firstly, a
dynamic mathematical model of gear pump was established, and the source and characteristics of gear pump vibration in normal operation
and fault states were clarified through theoretical analysis, providing a theoretical basis for fault diagnosis. Then, based on the operating
characteristics of the gear pump, an oil pump gear failure experiment platform was designed and built, which simulated the gear failure
mode under various working conditions, conducted time-frequency analysis of the collected signals, and extracted the optimal indicators
that reflected the fault information. parameter. Finally, conventional data processing methods and improved empirical modal
decomposition of fully adaptive noise ensembles are used to compare and diagnose different fault modes under various operating
conditions. The research results show that under the premise of ensuring the decomposition efficiency and fault identification accuracy,
the proposed improved fully adaptive noise ensemble empirical modal decomposition method has increased by an average of 28.45% in
decomposition time, and the fault of gear pumps at high speeds. The recognition accuracy rate has increased by 1.29%. The reliability
and accuracy of this method are verified, and the theoretical basis and engineering reference for gear pump status monitoring and fault
diagnosis technology are provided.
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Fig. 1 Gear rotor pump plane structure and its

physical parameters
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Table 1 Physical parameters of rotor pumps
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Fig.3 Failure states of oil pump gears
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Table 3 Time domain index parameters
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Table 6 Frequency domain metrics
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Table 10 Identification results of each model under

120 °C oil temperature—800 r/min speed

WaN 37N EMD-BP EEMD-BP CEEMDAN-BP MEEMD-BP
EMD J3fiitlal/s 13.55  374.24 521.99 24.15
M &I ZRaFRE /s 113.00 7600 151. 00 89. 00
P BRI ] /s 126,55 450.24 672.99 113.15
M kA 685 469 981 574
WGEMERR/ % 77.44  83.77 98. 63 85.22
MR HER %/ %  77.25  83.58 98.58 85.28
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Table 11 Identification results of each model under 120 °C

oil temperature—3 000 r/min speed

I3 EMD-BP EEMD-BP CEEMDAN-BP MEEMD-BP
EMD 4 fiiflal/s 13.79  353.94 409. 43 24.39
M4 I ZRaFa] /s 226.00  157.00 110. 00 97.00
PR BRI E] /s 239.79  510.94 519.43 121. 39
2R ERKEC 1000 1000 654 551
WIGEWERRR/%  86.51  82.30 92. 46 92.57
MR ER R/ %  86.56  82.24 92.37 92.53
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Table 12 Identification results of each model under

120 °C oil temperature—800 r/min speed

EEMD- CEEMDAN- MEEMD-  MCEEMD-
Iy
BP BP BP BP
O3]/ s 374.24  521.99 24.15 382.56
Mg gatE/s 76 151 89 44
PR BRI E] /s 510.94  519.43 121.39 426.56
MM ERWE 469 981 574 834
IGBEMwH/% 83.77  98.63 85.22 87. 40
MR/ %  83.58 98.58 85.28 87.31
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Table 13 Identification results of each model under

120 °C oil temperature—3 000 r/min speed

I EEMD- CEEMDAN- MEEMD-  MCEEMD-
BP BP BP BP
Gay AR 353.94  409.43 24.39 313.03
M &I ZratRl/s 157 110 97 28
ORI SR ] /s 1572.75  1747.71 194. 56 341.03
Mg EARWE 1000 654 551 536
GBI F/ % 82.30 92. 46 92.57 93.53
MR/ % 82.24 92.37 92.53 93. 66
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Table 14 Decomposition time for different

decomposition methods

TR EEMD/s  CEEMDAN/s MCEEMDAN/s i[5/ 3 /%
i 364. 03 522.24 340.7 6.41/34.76
" itk 359. 81 499. 68 348.79 3.06/30. 20
s Bty 356. 56 441.75 326.76 8.36/26. 03
Bk +Bih  357.49 396. 81 312.34 12.63/21.29
30 C 350. 18 452.59 304.28 13.11/32.77
50 °C 360. 63 460.22 323.9 10. 18/29. 62
iR 80T 357.63 453.14 323.47 9.55/28.62
100°C 372.36 493.25 363. 24 2.45/26.36
120€C  356.55 466.39 345. 86 3.00/25. 84
800 r/min  362. 18 497.54 357.75 1.22/28.10
1000 t/min  352.97 452.22 323.03 8.48/28.57
B 1500 t/min - 358. 94 469.52 334.88 6.70/28. 68
2000 r/min  368. 94 483.01 338.42 8.27/29. 94
3000 /min  354.34 423.32 306. 67 13.45/27.56
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