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Civil aircraft hydraulic system temperature monitoring

based on atom search Kriging model method

FENG Yunwen, TENG Da, CHEN Junyu, LU Cheng
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Temperature is one of the important characteristic parameters of civil aircraft hydraulic system perfor-

mance. To effectively realize the temperature monitoring of hydraulic system, the method of Kriging model based
on atomic search (ASOKM) is proposed based on Kriging model and atomic search optimization (ASO) algo-

rithm. Firstly, the temperature fault causes of hydraulic system are analyzed, and the fault logic diagram is estab-

lished to clarify the characteristic parameters affecting the hydraulic system temperature. Then, combined with the

quick access recorder (QAR) data, the modeling principle of ASOKM method is introduced. Finally, the effective-

ness of the proposed ASOKM method is verified by the temperature monitoring analysis of domestic civil aircraft

hydraulic systems. The results show that, in comparison with response surface method (RSM) , Kriging, and

back-propagation-artificial neural network (BP~ANN) models, the training and monitoring average absolute er-

rors of the ASOKM method are lower, which is of higher accuracy, efficiency and robustness. The proposed

ASOKM method can provide a reference for reliability analysis, fault diagnosis, and predictive maintenance of the

hydraulic system.
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Fig.1 Flight phase division and hydraulic system temperature fault suppression phase
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Fig.2 Hydraulic system temperature fault logic diagram
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Table 3 Analysis of training mean absolute error
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Table 5 Analysis of monitoring mean absolute error

Jr ik E,/C PR/ %
ASOKM 1.484 —
RSM 1.748 15.10
Kriging 1.618 8.28
BP-ANN 1.599 7.19
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Table 6 Monitoring mean and variance analysis

ik ¥/ J#/C
HIHAH 54. 403 2.414
ASOKM 53.079 2.014
RSM 52.971 1.893
Kriging 52.947 1.942
BP-ANN 52. 881 1.856

M 6~ 7 0] L 56 F 200 4 KA A
ASOKM J7 ¥ By Wl 152 22 K W0 00 A4 XoF 352 22 U8 2 A
No MFESAT LA H : ASOKM J7 i i W ] SF- ) 4
X 24 (1,484 °C) K F RSM (1. 748 °C) | Kriging
(1.618 “C) M BP-ANN(1.599 C), 5 RSM ., Krig-



52 1 10 26 2 A T I 48 AR Kiriging #5684 J vk i) R FH TRL AT 28 8 3R M ) 71

ing A1 BP-ANN A HL , W5 00K B2 43 514 & 15. 1026 .
8.28%.7.19% . MFE6 A LLFA i : 5 RSM  Krig-
ing Ml BP-ANN #f bt , ASOKM J5 % /9 ¥ &
(53.079) 5 J5 22 (2. 414) ¥ 42 3T F 92 5 /9 ¥ (8
(54.403) 5 J5 22 (2.414) 13 A I s ¢ ]
ASOKM J7 1 B A T 4 1) 5 0 P R 00 00 S B2

4 & ®

(1) ASSCAF AT T W 22 0 30 32 5 e D AL, g
TOHE R RPL IR R R G R R R R RE
i S i R A R T ) T B AR ) B R gk i
R B 52 1 VPR AR 0 R R YRR AE S 5

(2) $& 1) ASOKM J7 ik ik f 1 8 2 50K i
B8 A Jr 305 S5 A0 1) S0 B, DA T DR IE VT 2R 4 T
A B2

(3) T HE ™R P QAR %, 45 & #2 it
) 5% Wi REAE 280, 857 T 3 F ASOKM 7 v 19
JE Z S0 i B B A S R B I, JF 5 RSML,
Krlgmg BP-ANN £ 8 JE 47 X5 L, AU Z50kG B L

R WSS FE 34~ J7 g ik 1 ASOKM Jr i i
AR, O R PR R G 2 R
T A A R A PR AL S

& £ T Wk

(1] A, SR, Wi, % AT AT CHLRE R G R

PEOTEAHRLT]. RS S3h, 2020(4) : 170-176.
WU Si, HAN Dingbang, CHANG Hai, et al. Temperature
characteristic simulation and analysis of aircraft hydraulic sys-
tem under typical working conditions [J]. Chinese Hydrau-
lics & Pneumatics, 2020(4): 170-176. (in Chinese)

(2] [EHEDR, FRUFEE, BI040, 45 TRHLIRH 28 58 il I 1 40 A

[7]. WS AE, 2010(9): 55-58.
YIN Yaobao, XU Jiaolong, HU Xinghua, et al. Analysis of
oil temperature of hydraulic systems of commercial aircraft
[J]. Chinese Hydraulics & Pneumatics, 2010(9) : 55-58.
(in Chinese)

[3]  mesutte, @arse, B, KB Hr fE A320 T & 46 B

P R SN [T). A di s 5 TR, 2021(3)
38-42.
XIONG Binhua, ZHAO Honghua, CHENG Wei. Research
and application on big data analysis in predictive maintenance
of A320s hydraulic system[J].
gineering, 2021(3): 38-42. (in Chinese)

(4] SRAFE, BOR, PR, 55 . ST 00U AR SO 18T 1 A 2
e nl St M (7). HfEBERAR , 2016, 37(6): 1158-1164.

Aviation Maintenance & En-

[10]

[11]

[12]

ZHANG Chunyi, LU Cheng, FEI Chengwei, et al. Linked
reliability analysis of aeroengine blisk with dual extreme re-
sponse surface method [J].
gy, 2016, 37(6): 1158-1164. (in Chinese)

R, A, AR BT TV A TR S R B R B AL
B REPE DRI ] s R EOR | 2016, 27(11): 19-24.

GAO Xiang, GAO Yang, LI Mi.

Journal of Propulsion Technolo-

Research on nozzle cha-
racteristics of a mixed exhaust turbofan engine based on re-
sponse surface methodology [J]. Aeronautical Science &.
Technology, 2016, 27(11): 19-24. (in Chinese)

B, BESOHE, T AR R R TR AR T AL A )
VRS P R (7], % 5 IR E MR, 2021, 21(3)
1005-1011.

JIA Baohui, LTAO Wenhui, LU Xiang. Safety analysis for
the landing gear structure on the basis of the non—probabilis-
tic reliability theory[J].
2021, 21(3): 1005-1011. (in Chinese)

B, ERM . CHURE KRGS R T]. 5L TR
5RH, 2019, 55(5) : 232-236,264.

LI Yaohua, WANG Xingzhou. Fault diagnosis of aircraft hy-

Journal of Safety and Environment,

draulic system[J].
2019, 55(5):232-236,264. (in Chinese)

SRMG, b, XIWAE, % . 3T CNN-LSTM i QAR $#is
R AE 4R IS B (7). v E AL E S, 2019, 36(10)
2958-2961.

ZHANG Peng, YANG
traction and prediction of QAR data based on CNN-LSTM
2019, 36 (10) :

Computer Engineering and Applications,

Tao, LIU Yanan, et al. Feature ex-

[J]. Application Research of Computers,

2958-2961. (in Chinese)

A, MR, £, &% T ARIMA-LSTM i &AL

R PERR RSB T 3k [T ]. s - MK 528, 2021, 41

(4): 735-740,832.

CUI Jianguo, LI Pengcheng, CUI Xiao, et al. Crack detec-

tion under coating based on adaptive second generation wave-

let [J].

2021, 41(4): 735-740,832. (in Chinese)

EZeie, 50, £, F . BT 2B QAR BUE A%
TR 25 10 2 1 A 28 R S HLAR S HE IR LT, Mo zs 3l Js 2 4,

2021, 36(7): 1556-1563.

WANG Yiwei, MO Liping, WANG Yishou, et al.

Journal of Vibration, Measurement &. Diagnosis,

Aero—
engine status identification based on full-segment QAR data
and convolutional neural network [J].
Power, 2021, 36(7): 1556-1563. (in Chinese)

ZHOU D, ZHUANG X, ZUO H F. A hybrid deep neural

Journal of Aerospace

network based on multi-time window convolutional bidirec-
tional LSTM for civil aircraft APU hazard identification[J].
Chinese Journal of Aeronautics, 2022, 35(4): 344-361.

ZHAO Z Q, LIANG B, WANG X Q, et al. Remaining
useful life prediction of aircraft engine based on degradation
pattern learning[J]. Reliability Engineering & System Safe-

ty, 2017, 164: 74-83.



o514 3

[14]

[17]

AU, BRIBERR, XU, A5 55T A A B 2 i 54 3l )
AR ST T ). A TAREHETE, 2020, 11(4) : 498-
507.

SHI Yan, CHEN Xiaolan, LIU Wei, et al. Structure re-
liability analysis method based on adaptive surrogate model
[J]. Advances in Aeronautical Science and Engineering,
2020, 11(4): 498-507. (in Chinese)

ZUHAL L R, FAZA G A, PALARP S, etal. On dimen-
sionality reduction via partial least squares for Kriging—based
reliability analysis with active learning [J]. Reliability Engi-
neering & System Safety, 2021, 215: 107848.

SHIY, LU Z, HE R, etal. A novel learning function based
on Kriging for reliability analysis [J]. Reliability Engin—
eering & System Safety, 2020, 198: 106857.

TENG D, YUN W F, JUN Y C. Intelligent moving extre-
mum weighted surrogate modeling framework for dynamic re-
liability estimation of complex structures [J].
Failure Analysis, 2022(4): 106364.

LU C, FENG Y W, LIEM R P, et al. Improved Kriging

Engineering

with extremum response surface method for structural dy-
namic reliability and sensitivity analyses[J]. Aerospace Sci-
ence and Technology, 2018, 76: 164-175.

ZHAO W, WANG L, ZHANG Z. A novel atom search op-

timization for dispersion coefficient estimation in groundwater

[J]. Future Generation Computer Systems, 2019, 91: 601~

610.
[19] RBHipE. A320 “ATHHIZEME (D], K. hERMK
2, 2010.

MU Yanging. The study of A320 flight control logic [D].
Tianjin: Civil Aviation University of China, 2010. (in Chi-
nese)
[20]  #gpeer, VPSR FIM FUHE & CHLHESc P Ay i T ],
fiizs 4 s 5 TR, 2015(1): 61-63.
HUANG Xuanhong, XU Jiwei. Application of FIM in the
Aviation Maintenance &.

Boeing aircraft troubleshooting [ J].

Engineering, 2015(1): 61-63. (in Chinese)

fEEE I :

BEEE(1968—), & M+, H, FEFFIE )5 R L
A5 847 SRy AT A R TR

B 3K(1994—) 9 Rl . R e
AR B 1S T RS e

BRi8F (1997 —) L WLt 2k . EBM 9 Oy ) - B 2R3 %
DERER S RN e

B OR(1989— ), W3 Wb, FEERFSE Jy 1 A A A ] A
BT B 08 TR A #T o

(4R%E: )F815)



