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Diagnosis of Failure Degree of Hydraulic Retractable System

of Aircraft Landing Gear Based on CVAE-BLSTM
FENG Yingzheng, ZHAO Dongbiao, SHEN Kenan, ZHAO Shichao

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The correct diagnosis of failure degree of the hydraulic retractable system of aircraft landing gear can help pilots to take
timely actions to deal with different degrees of faults in avoidance of the loss of personnel and property. In the light of few failure
samples of the hydraulic retractable system of aircraft landing gear and the high correlation of the failure data in the time domain, a
hybrid fault degree diagnosis model integrating the conditional variational autoencoder and the bidirectional long short—term memory
is proposed. A simulation model of the hydraulic retractable system of aircraft landing gear is built to insert different degrees of faults,
and extract fault data. The fault data is normalized and trained to create the CVAE generation model. BLSTM is used to learn
bidirectional relation of fault data, and the hybrid model of CVAE - BLSTM is constructed to diagnose the failure degree of the
hydraulic retractable system of the aircraft landing gear. Compared with other algorithms, the results show that CVAE-BLSTM has
high accuracy and strong generalization ability, with which the failure degree of the hydraulic retractable system of aircraft landing
gear can be diagnosed effectively.

Keywords: aircraft landing gear; hydraulic retractable system; conditional variational autoencoder; bidirectional long short—term
memory; fault diagnosis

WRERE S R AETE IR B R Sh AL A 75 i B0 v R
K el 45 30 12 #4845 ( bidirectional long short — term
memory, BLSTM ) fili SR 75 Mo 5040 465 1k ) 2 37) 5 168 Jd &
P IR AR TR AR TG

1 EXEIENZE

0 35

AL TE AR R R G LAY HE B2 iR o), HLEfE
IEESRNERS AN R S S S P SIS PN
JRs (NASA) B A 4 B v 0 B B v SR R GO AE T A R
HLER IR o PSR, T -5 WO 2R AR SR A I o S 7 S
FRGURER 35% 247 L KLU 2R SE AR 12 8 14

sz a1 WA 5,
R AR LIS R ez . 11 R PR T B AR AR

1 HATEEE A T ARG B, b2 9 45 1E R 12
Wiy TN AR 3] T R R R, R B SR AR 25 K B AL
AU IS T T Iz TR A 2 0 4 T 12 T A T
2 U LA T L U5 50 A 12 W b R Ak R
43 B 4t M % ( conditional variational autoencoder, CVAE)
AR S LA A Y 43 A1 ke A RO B A RUREAS | LG4 e i

FAFALSY A AR RSP 1 R, ZeckiRar R
TN ES R AT R O R R A

CVAE 7R J5t_ Je 108 iod 2 0 2 iy A KOO 42 69 23 A,
ZCH CURVE) AT bR K, P MK A 73 A1 R R BE AL IBURE
A A A R AR T A i AR SR AL R s .
HOBURAR x IR R R ELE A0 AT AR 52 A 43 A

E—EEE T T (1995—) 33 WA N B -E P AE RS 07 ) R LI REEBE2 T,

- 217 -



RS5EDH -

F B, F - RHALTE RIR R R G0 SRR RS

X y
I
b
—
K, y)~z ez ——®
—] l
—
[ ke oo |
S
)
!

| x~Aiz, y) I 2 Nz, )

B1 F#ESBRBIREN

AT LS 1o £ 260 1) 47 840 5 WS A3 81, CVAE 4% 1 B (1
SR OB A KRR x 1AM 2 RUAT RE NG A £ 4%
A5, TR EL 2053 P SRR A 3 3 A BB A
5 A P 3o R KR o, T AR AR A 45 A A [
A B,

S AR x RBRZE y i o S At 7R Q L B B s
bz, HAP I 5 7 A BB w(x,y) T Y (2, y) 540
B it = RS AN ) 25 . (S 22 0 4 1A 2 0415 o
WETEZS A3 N0, 1) il it T B s ik 2 5 00 1E 25 49 i
N0, 1) B K, BISORE, 7T RIBTAS 40 A6 22 1 1 22 5, 9% i Ui
DAL S, i 28045126 BRI (1) FR

I = K[ N(u(x,y), > (x,5)) IN(O,1)] =

S (E )+ )+ (T ea)) = 1)

(1)

RS I R B e 2 AR AE: y 38 i i L AR P 2R

FAEAE f(2,y) PR f(2,y) SHIA © 1977 22004

fRAS R oy b 2 3 (2) B4, Al i & 451 2% pR B
K (3) Prom,

z=pln,y) v Y (x,y) (2)
ly=[x~f(z,9)]° (3)

CVAE #k =X (4) Bz,
1,=1+, (4)

CVAE BRI ZRTE IR , PR AR R 04 A A5 388 1 A2
B B N (O, 1) AP BEHLRAE AR S 152 v 415k
A AT I ZRBAR S RL K e

1.2 BLSTM #£ M %&

S T 704 A BCE (0 ARG R AR SCE F WL
[T B 012 Bl 22 I 2% ( BLSTM ) F AT i s 52 35 35
BLSTM JEAE KIS IZ A 2 W 45 (LSTM ) (3L Rk I %
ik , B PRJ2 07 AR 1 LSTM #4)8%, & BERERE S B e
TR 25 00 4% 70 Ak TR ST [ 51) I B 8 50 1 A Y SR A A
JE T R R 2 o BE I il 1) AT, SREAR D LSTM il 32 A 1 Bif 1]
FE A7 B 2 1) LR () A, ST Al 25 [0 4% (14 40 Jf 5 g 4t P 2
FiR .

- 218 -

2 LSTM 4%

LSTM 40 Jitd 25 M A0 55 5 1% oA 38 1 2 RO 46 A T 8
T AT A T, A (5) - (10) BiR

fi=0(Wux,+Uh,_ +b,) (5)
i, =0(Wux,+Uh,_ +b,;) (6)
C,=tanh(W x,+U h,_ +b,) (7)
C,=f,xC,_,+i,xC, (8)
0,=0(W,x,+U,h,_,+b,) (9)
h,=o,Xtanh(C,) (10)

Kpof, FRBIETTBRE R i, WRIATTZ 0, HHHTT
JZix, Nt FZIRET A b, N =1 2SR I R, R o 22
B 5 C, TR ; €, T TS B4R MOIR A 5/,
xC,_ \ Fon EFERACTTIE M5 8.0, xC, FniZ i
S T S B WO U SRR I b B 1)
;0 N sigmoid BREY,

BLSTM JEFF&5#UNE 3 frx, BLSTM A
= (11) - (13) FirR,

h,=Lgy(x,, b)) (11)
b =Ly (2, ,h ') (12)
¥, =W h,+W,h'+b, (13)

.k, yiE 1T LSTM 20k i h S 51 LSTM 24t Hfd i
W, RIET) LSTM 24 2 MAUE ; W, AR 16 LSTM %
B (L JE A 5 b, o 12 0

it )2 % %
Sl H LSTM ‘L }LSTM } }LSTM ‘

LSTM

L[ LST™ | /LSTM }

[
LSTM : | ’ | LST™ F
LN = X Xie1
3 BLSTM BH&#
BLSTM (#4325 pR A
= 2 log(y,)
L. = =t (14)
o o

ey, i BLSTM d5eJi — NI [8] 55 5 it 45 2Ry 1] 4



RS5EDH -

F B, F - RHALTE RIR R R G0 SRR RS

HER § ATCE 5y M PRERES y AR (AU s N
AbRAE P ICR AN

2 #EEEHE

Pl 4 SRR B P 4R MR WO R 58 AMESim {iy EL
BRI 0 B R A 5 WO Sh A B AR S A B
BRI, LR S RO ok A SCHk [ 7-8 ] EHR
WA 80 6 A O 2 A AS [ e B e 2 07 LR B e SR A
RPE ., SRR R B E IR 1 R

WURIRR

4 FERHEEZLEREWLES
AMESim {7 E# &

®1 HEREERE

SHRE "E
[a{esi] W E 3l e P ik s
3L 0.02~0.05
0.020~0.025,0.025~0.030,
R B 43 25 X [R] 0.030~0.035,0.035~0.040,

0.040~0.045,0.045~0.050

Ko D5 FO R B 405, Horh 0~3s JFIR (T, 3~ 14
EIEZRI L BIRLIS 19,20 s FFRA AR, M e A V8 4 ST
BT 40 s (745 AL o ASSOREAR 3 fRT A FF I R T 45 il
B S U B

N 1 PR MG EE R 2 T 2RI, )
FLI A2 D] S5 (E] LI 100 S fE B e 2 5
PEAT 22 UCHI 7 20, AR 3 S IX A1 A5 31 6 21 015 B8 , A
N NGRAEEA , BB N — D20 BRI b
B 30 SR [R] B BE BEAT 05 51, 1531 6 4147 K
B A AR R

3 CVAE-BLSTM &8 BEis iy

3.1 EiEmabiE

BRI RAER (5K 0.1 s, B 5 I 2R AE 400 4
Bepini s BRI ZR 2 nIE 5 i,

———0.020~0.025

— = =0.025~0.030

-+ 0.030~0.035

20 | —-=-0.035~0.040

= e =2 0.040~0.045

g | w3l [ 0.045~0.050
2 i
oot HE
i
i
i

o se

0 5I 1‘0 1‘5 26 2‘5 30 3‘5 46
) /s
Es5 ARUEEEGTEENME

WE 5 AT 10~ 14 s ihEem —A/INNik, R E
2O BN A A R R B R B, I [ s e
AP S 77 PR 2038 1 R 0 R KA A B TRDAS ] Sk e
KA EI R IER LS . 14~21s JE S EE N R R
B 8, & WA 2 e 1) 1) P 87 IR R B 9 s 1 A R i
MRS, BRI R T RS, 25~33s
JEST M £ H30 F 0, FBHASYE BL T BIAL, T B A [
IR AE T IR G AR SOKE 40 s Y28 1 ik B 722 135 12 W A
AP ZREE , 35 400 AN EHE S,

9 T SRR R 1] 25 5k BE 0 S0 BE L SR A (15)
T —fbab 2,

x, =™

x:l(vrn\ - = . ( lS)

WG APPVSE V€11 SR e €1 D R R PRk €171
LR KA AR/ AMEL 2™ x, A — A0S 1

3.2 CVAE-BLSTM #&8I

CVAE-BLSTM #RIZERUNE 6 s

X '\ X '\
«— LSTM LSTM LSTM
BLSTM
LSTM LSTM LSTM [—
miNslN
e (5 VL ) H )
f

6 CVAE-BLSTM 1&E&I4E#

- 219 -



RS5EDH -

F B, F - RHALTE RIR R R G0 SRR RS

A NV ZE CVAE iR B4 CVAE 1 f#
T4 A MM T | 5 BLSTM AH 454, IR L CVAE -
BLSTM #880 I:- Py i I 2R SV 2, i AT BR 25 119 IR
WREAR )T, CVAE AE B RUEARYE AR & 26 1 n A S AP
2[R — 2B (W P B , I n AR 55 B 0 50 — [0
A BLSTM Y153z A5 5 | B BLSTM 5 J5 — 4> Ik 1] 254y o114 3
FAEN R ALE R S5 AR LR, BB 45 AU(E,

4 RS
4.1 HESHEILE

CVAE-BLSTM A5 S0 B 413k 2 Fis .,
*k2 HATESHIZE

28 HiE

CVAE 55— Bz 15 58 128
CVAE %5 80219 mi B 2

CVAE IR 2R 0.001
BLSTM a1 25 20

BLSTM #4677 2 % 0.001

4.2 S5HMERXILE
# CVAE-BLSTM RO AL HERG R 5 BP M2 W %%
CVAE-BP # 2 [ 4%  CNN'! £ %1 CVAE - CNN #% #
LSTMM IR/ CVAE-TSTM #5540 45 Hfth 3 1 04T L 8%, &%
Bk 3 R,
®3 SHM#ERIL

SHTIREE EHRE/ %
BP 57.9
CVAE-BP 59.2
CNN 63.9
CVAE-CNN 82.4
LSTM 83.6
CVAE-LSTM 90.7
BLSTM 84.1
CVAE-BLSTM ( A% 3L/ #5) 94.8

BP 125 ) 45 2R F SUBS )2 | sigmoid 38035 264K ; CNN
Y LRI 5 A BE reshape ZH A 20x20 —4E50 ¥ | 77K H
AR P A2 — > 4% B2 )2 4 A ; LSTM
RIS 5 7K SC BLSTM H1 (% LSTM Bt i B A A, 4%
CVAE RS CVAE S5 B

3% 3 XF b4 R w] %0, CNN  LSTM il BLSTM IR & T
CVAE 4= iR | R 88 i 5 W . L7}, i % BP Hif
LM PIRTEAR K, UL CVAE AT AR T A R 2 > 54
Rz AL EE 1, (B XL GEAL AR 2% S BOR R T A B,

- 220 -

CVAE-BLSTM #i#15 CVAE-LSTM 5 5Y fity il 4, 48 v iy %
KT CVAE-CNN #8158 I PR A 25 0 2% LU 465 R 22 0
KIS G A PR R P B . A8 SCFTHR A9 CVAE-BLSTM
FERIEE CVAE-1STM 427+ T 4% , % BLSTM #£F+ T 10%,
XA3 %5 T BLSTM BB ER #E 47 WL Im) 2 2] B8 J1 A1 CVAE
Az USRS OB A LR 0 o X P T RE 7 38 I T B2 I
FIUERT SR 572 AL RE 7, AR ELAT i A SR AN R D
WSRO B T2 WTRE T

5 45iF

FERT RS I8 S SO R e B A D | i
I8 S g A A DA B i s R AR AR AN R B Tl R, A SC
2 —Fh AT CVAE-BLSTM R A BERUK HEA T Bt
W, e R A LR T SR WO AR 58 AMESim
D7 B RIS, SIS Rt , HR R A
Yk CVAE Az AR A 5 )5 24 B CVAE-BLSTM R & 15 4 3t
FTH B e 2 Wy, 5 AL AT L, CVAE-BLSTM iR
RO B o Y R SRz AL RE 77, AT X R v SRR R L
TR G AR AT A B2 W
Sk
[1] REVELEY M S, BRIGGS J L, EVANS J K, et al. Causal factors

and adverse conditions of aviation accidents and incidents related

to integrated resilient aircraft control [ R]. US: NASA/TM,
2011.

(2] FEAA QR E 5 55, 4. CHLIRHE 2R Ge e 2 10 Jit D8] 9%
PR ]. WRAST8h,2009(10) :84-87.

(3] Mhoidar, IR XG55, 2 TR R EM A= &3l
PLAUBR SRR 12 W B R BF 52 [ 1], MRS 5 A 31k, 2019,
48(5) :179-182.

(4] St FET A 2% 1Y 47 B 14 S8 AR I RE 12 W BOR P 5T [ D]
WAL R R R, 2019.

[5] KW, &Rk, A5, %. 3T Autoencoder— BLSTM Y35 ki &
SR A B ()], THAHLAE B R 5E,2019,25(7)
1611-1619.

[6] WANG S. Commercial aircraft hydraulic systems [ M ].
Shang hai: Shanghai Jiao Tong University Press, 2015.

(7] BT, 375, B/, 55, Z2 R R 56 7 3RO R et
BEZMHT( )] ARz ATR 2741, 2015,41(5) :953-960.

(8] WAGETT , A7, FE, 55, LR F 22 M0l R 90 A A8 5 e s
PrE[)]. RN LR SR ,2016,38(6) :1286-1293.

[9] SATEESH BABU G, ZHAO P L, LI X L. Deep convolutional
neural network based regression approach for estimation of
remaining useful life [ C ]//Database Systems for Advanced
Applications, 2016:214-228.

[10] ZHENG S, RISTOVSKI K, FARAHAT A, et al. Long short—

term memory network for remaining useful life estimation[ C]//

2017 IEEE International Conference on Prognostics and Health

Management( ICPHM) . Dallas, TX, USA.IEEE,2017.88-95.

I Fs HH#A:2020 - 11 - 05



