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Abstract: From the perspective of flow degradation trend, a life prediction method based on Adaptive Network-based Fuzzy Inference
System ( ANFIS) is proposed. Firstly, the modified ensemble empirical mode decomposition ( MEEMD) method is used to perform multi-
scale reconstruction and noise reduction on the vibration data of accelerated degradation test. The kurtosis, mean-square frequency,
wavelet packet energy of the reconstructed signal are extracted, which together with the signals of torque, rotation speed and pressure are
used as the characteristics of performance degradation of outer-tooth gear pump. Then, kernel principal component analysis ( KPCA)
method is used to perform the multiple feature fusion. Furthermore, the establishment and analysis of the degradation evaluation indices
of the outer-tooth gear pump are realized. The degradation evaluation indices and flow signals are used to train the ANFIS model, and the
remaining life prediction model of the gear pump is obtained. In order to further verify the effectiveness of the algorithm, the gear pump
remaining life prediction model is compared with liner regression model and cubic exponential prediction model. Finally, based on the
Monte Carlo sample expansion method, the reliability evaluation of the outer-tooth gear pump is achieved. The results show that the
prediction error between the result of the proposed method and the actual threshold is about 8% , the proposed method can accurately
evaluate the life of the outer-tooth gear pumps.

Keywords ; outer-tooth gear pump; life prediction; modal decomposition; multiple feature fusion; adaptive network-based fuzzy inference
system ( ANFIS)
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Fig.1 Flow chart of the life prediction of outer-tooth
gear pump based on ANFIS
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Table 1 The calculation result

28 IMF1 IMF2 IMF3 IMF4
R 0.643 2 0.670 7 0.0159 -0.003
D 67.341 34.044 1343.7 2 414.6
d 0.505 2 1 0.024 7 0.013 4

28 IMF5 IMF6 IMF7 IMF8
R -0.001 -0.003 -0.002 0.001
D 2977.0 14 936.5 46 478.6 21 858
d 0.010 7 0.001 5 0 0.000 8
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Fig.2  Photo of the life test platform of outer-tooth gear pumps

2000 4000 6000 8000 100001200014 000 16 000 18 000 20 000
B 8] /s
(a) X Ty 4% 3 Bodie

(a) Vibration data in X-axis direction

0 2000 4000 6000 8000 100001200014 00016000 18 000 20 000

I [ /s
(b) Y7 43 Bodis
(b) Vibration data in Y-axis direction
0.5
= 9
Hg*0.5
0 2000 4000 6000 8000 100001200014 00016000 18 00020 000
I /s
(c) ZHh 77 W1 R B B e

(c) Vibration data in Z-axis direction
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Fig.3 Vibration data of the gear pump at a certain moment
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Fig.4 Results of MEEMD decomposition
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Fig.5 Comparison between the reconstructed signal

and noise signal of the gear pump
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Fig.6  Degradation index curves of vibration data
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Fig.8 Degradation fusion index and output flow of gear pump
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Table 2 Failure thresholds and prediction errors of

different algorithms
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