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Remaining useful lifetime prediction based on nonlinear degradation

processes with random failure threshold
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(1. Equipment Management & UAV Engineering College, Air Force Engineering University, Xi'an 710051, China;

2. Beijing Institute of System Engineering, Beijing 100101, China)

Abstract; For the nonlinear degradation equipment which widely exists in practice, the current RUL ( remaining useful lifetime) prediction

methods ignore the effect of random failure threshold. Therefore, the RUL prediction method based on nonlinear degradation processes with random

failure threshold was proposed by analyzing equipment’s degradation processes. A nonlinear degradation model based on Wiener process with the

individual difference and measurement error was built in this work. Next, the degradation states were updated synchronously by applying the

Kalman filtering algorithm and constructing the state-space model. And then, the estimation method of failure threshold distribution parameters

based on maximum likelihood estimation was proposed to obtain the probability distribution of the random failure threshold. Finally, an analytical

and closed-form RUL distribution based on random failure threshold was derived, and the RUL prediction can be adaptively updated with the

available observed data. The case study shows that the presented method can significantly improve the accuracy of RUL prediction and thus it has

a certain engineering application value.
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Fig.6 95% confidence intervals under MO, M1 and M2
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Tab.2 Simulation data comparison (MO)

28 HY%H
6 60 600

a 3 2.8773  2.9817  2.9899
oy 0.0004 0.0299 0.0327 0.0047
oy 0.1 0.0648 0.1120  0.095 4
o 0.001  0.0011 0.0007  0.001 1

b 1.5 1.4416  1.4933  1.5024
LF -56.68 -454.04 -4829.15
AlC -123.36  -918.08 —9668.29
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