W45 WA 2/ M Fx % W Vol. 45 No. 4
2024 4F 4 H Chinese Journal of Scientific Instrument Apr. 2024

DOI: 10. 19650/j. cnki. ¢jsi. 2311873

ETSitomSmERENMENMER
FHTENFRULER"

B R OW BRwene  ZAR' ETS]
(1. S ETRRRFAS TRESBE P4 710038; 2. fiiss T2 ©AT B shishlaiss ir - W% 710076)

T E. SR TR RGN EEA R, R E R AT A, AR, KRR 4 75 i FE A B FR B 2 ~ 3 IR AR T
DR , M BEIR LA AN, 45 VE Sh A8 (0 P BE TR0 AT SR RIME . 4t S i — () J, 3240 T — Fh B i o0 M -5 4 BB AU 45 45 ) M 1 73
W55, 1 e R B BRI A T SR T 0T, ST AR Sh 2 AN B B GE T4 A U SRR, 45 A VESh 2R L O M B Y 5 52 1
PO, A A HER S A AR Bl AR AL BB, T T AMESim 07 B SR TAR A8 , 15 B0 [R) e (8] 5 (i FE S 80T (Y B 2% 2 v
B an B — SRR B R S5, 45 1 36T IS IR R R % sR B 3 7 5, MBS TE T IR A 80, A SCR I 2 A5
A3 AEER S REA AT, Go i UM ERS B, 25 SRR B, ST (B A TR 5 PR Y 3sigma Y A AR SR &Ik 92, 27% , UEHH
T 5 PR AL RE NS 1 = BT T SRAEAE B2 B AL AL

KR IR RICERE; G401 AE 3148 ; AMESim {7 B

hE S ES: THI7 SCHERFERIZAD; A E RirEF R4 EHKED; 520. 2060

Actuator degradation modeling under batch small sample conditions
based on statistical analysis and physical model

Pan Jinxin', Jing Bo', Jiao Xiaoxuan',Wang Shenglong' , Wang Kexin®

(1. College of Aeronautics Engineering, Air Force Engineering University, Xi'an 710038, China;
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Abstract ; Actuators are essential components of flight control systems, and their performance directly affects flight safety. However, most
components can only get the performance data 2~3 times during their life cycle, and the samples of performance degradation parameters
are extremely small, which poses challenges for predicting actuator performance. To solve this problem, a performance prediction method
combining statistical analysis and a physical model is proposed. Firstly, statistical analysis is carried out on the batch-type component
data, and statistical distribution rules of different stages of the actuator are established. Then, based on the physical model and statistical
law of the actuator degradation, a actuator degradation function with probability distribution is established. The function parameters are
calibrated based on AMESim simulation to obtain the probability density function under different time and health parameters. Finally, the
update method of probability density function based on posterior probability is given for the health parameters obtained by any
component. To verify the effectiveness of the method, multiple samples containing 3 data points were used for validation. The results
show that the probability of the measured values in the 30 range of the predicted density function is 92.27% , which proves that the
predicted density function can characterize the degradation rule of actuators with high confidence.
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Table 3 Comparison of results of different methods

SPREERAEE 2sigma 3sigma
B R[] i fﬁiﬁﬁ il %lgffwﬁ ﬁrﬁiﬂii
FIERAE R /% /%

AR 0. 653 25.328 75. 43 92.27

WNFE 0. 425 45.23 52.15 72.33

WNRE 0.518 38.77 67. 47 88. 95
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