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Remaining Useful Lifetime Prediction Method of Controlled Systems
Considering Performance Degradation of Actuator

SHI Quan' HU Chang-Hua' ST Xiao-Sheng' HU Xiao-Xiang' ZHANG Zheng-Xin"

Abstract When engineering controlled system is operating, the performance of its components will degrade gradually
due to the combined effects of internal and external stress, environment and so on, which will eventually lead to the
failure of the controlled system. However, due to the closed-loop feedback in the controlled system, the output residual
may still change in a small range, making such incipient fault of performance degradation difficult to detect and show
a characteristic of hidden. In view of the existing literatures, the researches are still scarce which are on the remaining
useful lifetime (RUL) prediction of the controlled system with hidden degradation process under the closed-loop feedback
control. To this end, this paper proposes a prediction method of RUL for a class of deterministic closed-loop controlled
systems only considering actuator performance degradation, which is based on analytic model. Firstly, the algorithm of
weight selected particle filter is used to estimate the hidden variable of the actuator, using the monitoring data of the
system on-line. Then, Monte Carlo (MC) simulation is used to obtain a reasonable failure threshold at each predicting
moment and a failure criterion is established based on it. Finally, the estimation of the hidden degradation variable is
brought into the degradation model to extrapolate the distribution of RUL. The simulation results of stabilization loop
controlled system in inertial platform show that the proposed method is feasible and effective.
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K, (t) = K,(0) +/0 w(T;im)dr + ogB(t) (18)

A, p(730m) 232 FHLE 23 B AEAK LR 2 MR IR
PR AL, SR — AR PR AT E 0 AR
5 32 0 B R R I (BB AT & 5L PR, T B
BB B AR AT S LA, SCRR [20] 3R
P 7 R AL AT AR AR ), ST, &
BBLER R BEA I M

p(T 5 in) = iy (T) (19)

A, A B HEER R, X (19) wAL, AL TE]
R fb -5 FLRR FELIAE A4 ~F- 0 I B, AR (18) ]

5
Ko (t) = Kn(0) + X /t i2 (T)dr 4+ osB(t) (20)
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e, B (21) BN BRI R 2 S
FEMEFE Q1. Q2 Q3 VARV Huzzh B ¥ 7
T BEPLAE B HIIEN 0, 72000 ¢1s ga. gs:
Q1 ~ N((),(h)a Q2 ~ N(O,Q2)7 Q3 ~ N(O,Q:a)-

F 1B G RE bl

Table 1  Stabilization loop model in inertial platform
RGBSR
J = 0.83kg - m? L, =27mH R, =3.6Q
Kn =0407N-m/A K. =0.478V/(rad-s)  |u|,, =80V
I # S5
Kp =10.54 Ty = 15.58 Tp = 15.37
HIHRES I
z1(0) =0 z2(0) =0 z3(0) =0
24(0) = 0.407 y(0)=0
LR S
g1 =0.2 g2 = 0.00008 g3 = 0.0000000003
B S
A = —0.000257 o = 0.0000002
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Fig.5 Simulation of stabilization loop controlled system for inertial platform
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Table 2 Comparison of prediction results based on
fixed threshold at different times

T e %1 10s 20s 30s 40
L 0.12205  0.12205  0.12205  0.12205

B A F 36.2 26.2 16.2 6.2

Pl HE H i 36.1 26.1 16.1 6.1
MSEx,, 5.6135 10.9825 7.6921 3.1061
MSE, 5.5925 10.5087 7.2746 2.8566
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Table 3  Comparison of prediction results based on

variable threshold at different times

T s %) 10s 20s 30s 40s
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B F o 36.2 26.2 16.2 6.2
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MSE, 8.1668 7.8860 4.0403 2.8566
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