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( back-propagation-artificial neural network , BP-ANN)
ST R O AR DR pR RO B g 2 xR 22 K Y
xR £, MR E, HPFSS R E, 1ER
VAN 2 O B, BB, FLE, 8 AR
By

1 &
E,=—)F
aa m ; ab,j
E _ ‘Aj _ytruf-j (27)
" ytrue/
1 &
Ear = Ere
m j=1 "

s g, FOREEIL M A D) AR R BRI RLES j(j = 1,2,
cem) DTy, 56 j SR A B E,
KR AN TN 5 B LR 25 E, S AT
DME 5 FLSE A AR 2E S B, A m A TOE 5 58
)P R AR 22

2545 200 HiAHEA @t kLB, L E, FTE, T
#r RSM Kriging SVM .BP-ANN F1 CIMK #80& 45 i,
HAMrEE R manE 9 ~ 10 .3 2 fis,

~RSM ~BP-ANN
SVM =CIMK

{ ] Kriging
1l

BRmm gz /()

o FEFPIREEA RSM  Kriging .SVM |
BP-ANN 5 CIMK f)4a %5 25 %} 1

[ -~RSM  —BP-ANN
E 30 SVM  ~CIMK
& = 20L L Kriging
Err I | 1] a
2o O bala A e b tain ],
0 40 80 120 160 200
FEAKUR

E 10 FEF M4 RSM  Kriging SVM |
BP-ANN 5 CIMK HJHHNFR 22 %F He

®2 BHERESERIAXRSN

Tk E./(°) E./(%) FEBEIS E)/s
RSM 1.009 2.162 2.65
Kriging 0.967 2.058 8.83
SVM 0.930 1.922 5.92
BP-ANN 0.847 1.831 7.65
CIMK 0.474 0.684 4.36

H1 2 2 A, CIMK (P-4 48 % 15 22 (0.474° ) it
fIlXF RSM , Kriging . SVM F1 BP-ANN [ - 2 4 X} %
% AR RS BE 2> BN 53.02%,51.43% ,49.03%
H144.04% ; CIMK [ F- 37 HH X2 22 (0.684°) iE ik F
RSM  Kriging ,SVM £ BP-ANN ()3 ¥4 4 %45 22 | 4]
X kS BE 0 R 68.36% , 66.76% , 64. 41% F
62.64% ; CIMK 1 & 0 ] (4.36 s) fik T Kriging |
SVM Fl BP-ANN [y 5L A [A] | AR R0038 7 Sl A X 4
7 50.62% ,26.35% 1 43.01%, H1IE 9~ 10 A A1, 4%
A 200 LHYNZRFEA  CIMK 46 %1% 2% KX 15 22 0% 5
B/ANHHEER 0, HA B ek, il R pr
A AH T RSM , Kriging . SVM F1 BP-ANN, CIMK
BA UGG B 5 AR
4.2 {HEMEEIEIE

i T IS UE CIMK 7805 B g 7 1 A3 350k 78
RIS T, LESEE NS 2R RSM
Kriging .SVM .BP-ANN 1 CIMK 43 5] X 14 3% {js £ 5%
RIFEAT 10 ,10° 1 10* {5 FASHL, 05 B RE /B4
BN 3~4 iR,

3 SHEENTRE
100 1 000

HYE 0.460 0.452

RSM 0.50 0.510

Kriging 0.50 0.490

SVM 0.42 0.425

BP-ANN 0.43 0.477
CIMK 0.45 0.444

10 000

0.496 4
0.477 7
0.463 1
0.458 1
0.450 2

R4 SHMAXNINEE %

ik FEAR R

100 1 000

RSM 91.30 90.27

Kriging 91.30 91.59

SVM 91.30 92.48

BP-ANN 93.48 94.47

CIMK 97.83 98.23
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H13 3~4 W] TEAN [R5 IRECT , CIMK (1953
Mreg R 5 B S E 5 O e, oA Hioks B &5 T RSM,
Kriging .SVM 1 BP-ANN, 4{jf ELECR 107 YA,
5 RSM , Kriging ,SVM I BP-ANN A It , CIMK # 53
MTkS BE 43 AR ST H2 5 T 8.82%,7.25% , 6.22% FlI
3.98%. A, CIMK 7E#E3 (i 5 7] 5453 B7 09 05 &
PERE T T HAT —

5 & it

5T Kriging BiR1, 255 40 fif Dh IR SR G | EO 553k
5 ML, T CIMK 77, 454 QAR ¥, Sl T
FAILEEZL A A AT 55 M 0 M, I 38 2k % LSS IR T B 4
FIENASNE, EEESWT .
1) ZrHr T RMUEERE Ao A0 AN Rl b st A 42 B
SN I AR O R A L S R SR S SR AR
28

SEH

2) $&i CIMK 7k, B2 TR E 7~ R AL QAR
Bt ST L O A A] SRS AT B i AT 8
T AL, Y R SR Al ) 4 HE 308, AT 5
R 0.450 2 ;52 M RSN £ A9 R AE S EON E HK
WU SR AT AT A R R T T AE
PLE B A BT AR DL AR A R B AR TR
fo FEHEALE WA FERIAEOLE KGR XU BR
e

3) TEEEMREPE T I, 5 RSM | Kriging . SVM Al
BP-ANN J5 i A H, T CIMK B A 34740 &6 1
LHERAOR,

4) EfF EAERE T, BT HE CIMK J7 32543 ARG
15 T RSM  Kriging ,.SVM Fll BP-ANN J5 % , 2445 FL 1K
Bl 100 A, 2 A XTI B T 8.82%,7.25%,
6.22%F1 3.98% .,
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Reliability analysis of flap deflection angle based on
collaborative intelligent moving Kriging model

LIU Lei', TENG Da*’, FENG Yunwen®”
1.The First Aircraft Research Institute of AVIC, Xi’an 710089, China;
2.School of Aeronautics, Northwestern Polytechnical University, Xi'an 710072, China;
3.Institute of Reliability and Operation Support Engineering, Northwestern Polytechnical University, Xi’an 710072, China

Abstract; To effectively monitor the reliability of civil aircraft flap deflection angle, combined with the quick
access recorder( QAR) , the collaborative intelligent moving Kriging( CIMK) method is proposed by absorbing the
Kriging model, decomposition and co-ordination strategy, equilibrium optimizer (EO ), and moving least square
(MLS). Among them, the decomposition coordination strategy is used to deal with the relationship between the
flaps left and right deflection angles. MLS is employed to select effective modeling samples and solve the undeter-
mined coefficients of Kriging model. EO method is applied to determine optimizing the local compact support region
radius of MLS. Firstly, the fault reason for flap left-right asymmetry is analyzed to clarify the main characteristic pa-
rameters in QAR data. Secondly, combined with the QAR data of relevant influencing parameters, the civil aircraft
flap deflection model ( limit state function) is constructed by using CIMK. Then, the reliability and influence of civil
aircraft flap deflection angle are analyzed by Monte Carlo( MC) sampling method. The results show that when the
flap deflection angle is 3°, the reliability is 0.450 2, and the important factors affecting the flap deflection angle are
Mach number, left angle of attack, right angle of attack, etc. Compared with the response surface method (RSM) ,
Kriging, support vector machine (SVM) , and back-propagation-artificial neural network (BP-ANN) , the average
absolute error accuracy of the proposed method is relative improved by 53.02% ,51.43% ,49.03% , and 44.04%
the average relative error accuracy is relative improved by 68.36% ,66.76% ,64.41% , and 62.64% , and the model-
ing efficiency is relative improved by 50.62% ,26.35% , and 43.01% respectively compared with Kriging, SVM and
BP-ANN. When the number of simulations is 10, the analysis accuracy is relative improved by 8.82%,7.25%,
6.22% , and 3.98% respectively.

Keywords : civil aircraft; flap deflection angle; reliability analysis; collaborative intelligent moving Kriging; QAR
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