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& E NSRRI YL Y3 e B (APU ) 7 32 W0 200 xfE D 38 A 1 AR 25 T 3 0 B PEA LA 2 TR 4 fil ) 2 iy TU
(RUL) XA RIS, 2R SCHE H — Bl R FARSZS [AIB RN (SSM) 5R/R B ik I Al A /) APU 7638 RUL BN 5k, 120G, 38 il 70 3
B P 3 ARFE MEREFE AR (PT) R RAF APU RYPERBARZS , [ B 4 2 3 A5 5 57 1 & W A 19 PT R EDIR S R, R4 AR APU
eI AL, ARG KRR S IR MOIRZS A AT T 5 2 5 FH T SSM, B it X APU A FL A RBAR S (Al 35 20 H: RUL 19 H
W e, R E AT A RS E 1) APU ZE3EMEHR T R LA BIEAITAL . SCe4s 3R, 5 ELM H Optimized ELM
AHEE AR S5 3R BTN 4 %5 7 3 LR 22 23 B T 72. 1% K1 67. 9% o oAb, S5 HE 3 2807 B sEae 25 St L | AR S5 12 (il 15
AN EH A ERZEE DR T 69.2% , %7 I SO STELZE S APU A9 RUL F0 , v] Ry iz 4 N 53 A BRI 4 b 2 s 4216 2
2 O E B R — R RR I AT AR R AT IS A RBLI ek

KRR CALEH B B e RS AR R /R 2 DR 5 PERBTE AT ; Tl 0 FH i

RE4 S TP391.9 TH-39 XERHRIRES: A ERREERSFENKED: 590. 1099

On-wing RUL prediction method of aircraft APU based on state space model

Liu Xiaolei', Liu Liansheng', Wang Lulu®, Peng Xiyuan'
(1. Department of Test and Control Engineering, Harbin Institute of Technology, Harbin 150080, China;
2. Shenyang Maintenance Base, China Southern Airlines Company Limited, Shenyang 110043, China)

Abstract: The on-wing monitoring data of aircraft auxiliary power unit (APU) are difficult to characterize its performance states, which
will lead to the difficulty that the performance evaluation and remaining useful life (RUL) prediction of the APU is difficult to carry out.
To solve this problem, a performance evaluation and RUL prediction approach of APU is proposed based on the state space model
(SSM) and Kalman filter (KF). Firstly, a performance indicator ( PI) containing noise is constructed from the on-wing monitoring data
to characterize the performance state of the APU. The performance degradation process of APU is described by state equation, which is
constructed with the help of the Wiener process and the constructed Pl with noise contained. Then, the KF state estimation and
prediction method is applied to the SSM. Through estimating the on-wing performance state of APU, the purpose of predicting RUL is
achieved. Finally, the APU on-wing monitoring data from the operation of an airline company in China are adopted to conduct the
comprehensive verification and evaluation of the proposed method. Experiment results show that compared with ELM and Optimized
ELM, the prediction absolute percentage error of the proposed method is reduced by 72.1% and 67.9% , respectively. In addition,
compared with the experiment results of other three kinds of methods, the prediction absolute percentage error of the proposed method is
reduced by 69.2% at least. The proposed method can effectively predict the RUL of an on-wing APU, which can provide a reference for
the operation and maintenance personnel to plan maintenance and repair reasonably. More importantly, the method can improve the
comfort of the passengers and the aircraft safety to a certain degree.

Keywords : aircraft auxiliary power unit; state space model; Kalman filter; performance indicator; remaining useful life
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Fig.4 Degradation process of APU based on WP
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Table 2 The RUL prediction results of APU with
different methods
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Table 3 The RUL prediction results of APU with
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