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Abstract: As the foundation of equipment health management, the degradation process modeling and prediction is an effective way
to reduce running risk and maintenance cost. In order to solve the randomness, nonlinearity and multi-phase complexity of the
degradation process in practice, an adaptive modeling and prediction method for multi-phase degradation process based on
functional principal component analysis is proposed. This method treats the degradation measurement values as discrete sample
values of continuous function, and thus converts the degradation modeling problem into functional data analysis problem. On this
basis, this method uses the function principal component analysis method to reduce the dimensionality of the degraded data, and
extracts the common information and individual difference information of the equipment degradation. With Bayesian reasoning, the
on-line monitoring data is used to update the degradation model parameters to realize on-line real-time prediction of equipment
health status. Finally, the proposed method is applied to the accelerated life test data of a cooling fan, and the effectiveness of the
method is verified. The results show that the proposed method can well model the multi-phase complex random degradation process
and thus has potential engineering application value.
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Fig.7 Comparison of the degradation modeling results

for the cooling fan HI in Fig. 3 (b)
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Table 3 The MAPE result comparison of degradation prediction
IBALRT B
2 3

WE Irik

FPCA 5.69 5.57 3.48 11.00 10.55 7.76 8.46

1 M2 10.86 9.19 6.98 3682 271.0 88.89 18.61
M3 8.84 13.2 6.84 167.2 94.36 66.15 51.32
FPCA 7.8 6.79 1.59 4.74 5.15 3.00 3.89

2 M2 11.98 6.77 6.91 145000 326.0 170.3 25.09

M3 6.67 7.90 14.4 55.27 4.87 8.58 6.83

FPCA 3.02 1.22 0.8 0.8 1.13 1.16 0.17
3 M2 6.11 5.45 2.69 378.4 138.3 49.10 28.79
M3 5.75 14.4 2.64 513 6.96 6.04 6.07

FPCA 7.07 0.61 0.91 1.03 0.87 1.68 2.52
4 M2 6.64 5.82 13.7 731.8 102.9 23.26 11.33
M3 6.31 6.95 3.79 35.18 13.05 10.72 8.69

1 Ferh M2 3 Polyl+Poly3 [ 7% M3 S LWP+RCR [ 7% .
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