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Abstract: Aiming at the safety problems caused by servomotor degradation in 3D stage wire system, considering the ex-
isting degradation models with low accuracy, conservative definition of traditional life and low efficiency of life extension,
this paper proposes a system-level remaining useful life prediction method based on the composite multi-stage degradation
modeling, and carries out the research of adaptive variable sampling rate autonomous maintenance strategy based on the
prediction results. Firstly, starting from practical engineering considerations, a three-level autonomous maintenance frame-
work is constructed, which includes the basic control layer, the health assessment layer and the autonomous maintenance
layer; secondly, considering the variability of the degradation stages and the influence of random shocks, a composite
multi-stage degradation model of Wiener+Poisson is established, and an expectation-maximization parameter estimation
algorithm is adopted, which integrates the parameter estimation process with the cumulative sum and change-point detec-
tion algorithms, and adopts a more appropriate evaluation of the last exit time definition of the control system life is used to
obtain the analytical solution of the remaining useful life of the system under the composite multi-stage degradation model;
Finally, based on the prediction results, a DMC-PID life extension control strategy based on adaptive variable sampling rate
is proposed to improve the maintenance efficiency and effectiveness. Simulation experiments verify the effectiveness of the
proposed method.
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Fig. 1 3D stage wire system control structure
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Fig. 2 Online autonomous maintenance architecture
for 3D stage wire system
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Fig. 3 Adaptive variable sampling rate life extension
process for 3D stage wire system
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Fig. 4 Trajectory and positional errors of 3D stage
wire system

CAFEI BURIE NI, R4 H T TR B E
HIBILI S BUE, 15 B RIT = 5005, 5528 BBk
FIRARZI Nt = 162 s, WA E]RE A At = 0.1,
e —ANES WIS [t £ | NI QR —IK
Mk, BRI ERCR, TR BTG ZIR A0 BD R AR
WIS B 2 A P BUR LS.

k1 AT ARBEIEN S HAE

Table 1 Parameters for degradation data generation
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Fig. 5 Composite two-stage degenerate trajectory
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Fig. 6 Real-time position error under degradation
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Fig. 8 Comparison of fitted data curves
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Table 3 Model evaluation results
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Fig. 9 RULfor models M2 and M1
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Fig.10 Expectation of RUL for models M2 and M1
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Table 4 Controller parameters under normal conditions
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Fig.11 Degradation axis output
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