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Remaining Useful Life Estimation for Nonlinear Stochastic Degrading Systems

with Uncertain Measurement and Unit-to-unit Variability

ZHENG Jian-Fei' HU Chang-Hua' SI Xiao-Sheng' ZHANG Zheng-Xin! ZHANG Xin'

Abstract Remaining useful life (RUL) estimation is essential for the prognostics and health management of systems, and
is the effective path to mitigate system risk and improve the system safety and reliability. For the extensively encountered
practical degradation systems with nonlinearity and stochasticity, the current methods to estimate RUL only consider
uncertain measurement or unit-to-unit variability, but not both simultaneously. In this paper, a nonlinear degradation
model is built based on a nonlinear diffusion degradation process to incorporate the uncertain measurement and unit-to-
unit variability into the estimated RUL. By constructing a state-space model and applying Kalman filtering technique,
an analytical form of the RUL distribution is derived. In addition, the RUL estimation and drift coefficient efficient can
be adaptively updated with the available observations. Finally, two cases study for aluminium alloy in aircraft and gyros
are provided to verify the presented method. The results illustrate that the presented method can generate better results
than only considering uncertain measurement or unit-to-unit variability, and thus can be potentially applied in practice.
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Table 1  Comparisons of three degradation models with fatigue-crack growth data

Ha Oa b oB oe log-LF AIC TMSE
HoL 1 3.9477E-005 8.9347E-006 13.4820 1.8977 —43.1125 94.2250 0.0518
T 2 4.9223E-005 13.3145 0.5346 0.4907 —37.4882 82.9764 0.0259
HL 3 4.9E-003 1.9582E-004 8.1382 0.0114 0.5121 —28.9682 67.9364 0.0063
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Fig.1 Degradation measurements of fatigue-crack growth
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Table 2 MSEs of fatigue-crack growth data condition monitoring points for the three cases
AT (<105 JE3)) 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3
oL 1 0.0067 0.0060 0.0055 0.0050 0.0053 0.0042 0.0036 0.0122 0.0034
T 2 0.8190 0.7444 0.6603 0.5667 0.4653 0.3655 0.2640 0.1459 0.0449
oL 3 0.0076 0.0038 0.0021 0.0015 0.0015 0.0015 0.0015 0.0031 0.0032
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Table 3  Comparisons of three degradation models with gyros data
La Oa b OB o log-LF AIC TMSE
T 1 6.6895E-021 6.1544E-021 14.8843 0.0668 27.6830 —47.3360 66.1468
TEL 2 1.4625E-013 13.3145 0.1563 0.0400 -2.3983 -3.2034 89.5732
T 3 5.2151E-026 4.8076E-026 18.6422 0.0646 0.0253 27.9339 —45.8780 42.8521
F4 3 GO N ARSI A FEIR Y MSE {H
Table 4 MSEs of gyros data condition monitoring points for the three cases
Wi 5 (h) 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Tl 1 8.3907 11.5918 16.1759 11.4570 6.4760 4.8352 4.5324 2.4438
THHL 2 9.6285 18.5416 17.4385 14.3918 10.6622 8.5542 7.1531 3.1990
THL 3 5.0858 7.9371 12.0434 8.2163 3.7278 2.2491 2.2328 1.1327
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