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Research progress of operational reliability of civil aircraft

FENG Yunwen, LIU Jiagi, PAN Weihuang, LU Cheng
(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; Based on the technical status and development trend of civil aircraft operation reliability research, the requirements of civil aircraft

operation reliability research were expounded according to the current type design, development and actual situation of in-service aircraft. By

reviewing the research progress and engineering application status of civil aircraft operational reliability theory, the research status and problems of

civil aircraft operational reliability are elaborated from six aspects: operation data acquisition and processing, operational reliability analysis

method, operational reliability prediction feedback technology, optimization design based on operational reliability, optimize maintenance tasks,

and comprehensive management platform for operational reliability. The future development direction of operation reliability research of civil aircraft

is prospected.
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Tab.3  Abnormal data processing

3ubilfeik  AwblfeEE  S#HLREAAE  ARbLEA A
Ji/Kn Ji/Kn IR g/ C R/ C
109 18 36 29
131 128 36 30
127 201126 36 29
124 123 36 30
121 121 36 30
119 116 36 30
115 113 36 10—30

110 109 36 30

I " R A R B

7.1.2 k{2
SO A PR RS VR ) — AR
R FERMLSTTHE RES R, B T & Fh 5
EARLRIE 2% I F- ol A B9 R R R 5 R
ToIE PR AL B A Wl e 55, (A B0 4 R A P 4
FRERRSERE ST I A AT AR I Bk B S
oAb =2 1 JEUAS A 56, 5 18109 5 s 1 35
7 3 A B 1207 v R AT B M R
LIRS, TR B LR A B, WA
BRI — B R Y =f(x,0) + &, H f oS
(1 [81E BR K, 0 o S B BRI, & S —ZERE LR
F2Ap | LW SR ST R A AR S o T b Jal
U, ST B RNT
Y, = 205x5+a (1)
TR /N kA A MR i 6 B M, i
iR AR/, B
nMEw>=Zﬁ=§InﬁuwH2@>
LRI 547 5% (1 98 53 QAR HCH (I
2 4) o, I RO T R Bk (AL B
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Tab.4 Missing value processing

PRI 2#BLERE USRS AR
£ 71/kPa JEJ1/kPa JEJi/kPa  BEARIE/%
468. 84 496.42 496.42 1
468. 84 524.00 455.05 1
496.42 524.00 455.05 1
468. 84 524.00 455.05 1
ik —1 737.48 551.58 468. 84 11
2 178.74 606. 74 496.42 34
2220.11 606. 74 524.00 33
2 247.69 1213.48 1 130.74 35

TE A B O B T AR N 100% , 26 PR R A A B AT AR Y
Torte

7.1.3 HKEHERLLAF
HERFE ARG PRI G (R %
FE R KU 5 ) RAT BRI ORI A AR )
IR 2 e RAL I S A S E (A R 55 )
H B S B (YL R HE) s &R KA
SHRRBLE I, 455 HLES R 4 R 4 PRI 28
BRI S H0E ), W2 T S AILES R 4 IR
JE 25 S K BEAR I S8R 5 iR o
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Tab.5 Brake temperature difference fault B AR S B AL A B, 19 o e 75 SR
related parameters HLEE fih st Bt BLREA IA O O (1 SRR K A
SHAFR ik REHARDS K 6 FroR o
ST (%) sk it
’ ‘ - R0 HLHEREERTARBIELSHIES
AT (A7) g Tab.6 Brake temperature difference fault
FIENLE (7)) gy related parameters
MAAE ) HLE ETE S it 7% 2615 3#plLit
: i fioh 28 f 3t HE HE
AR TERE falh BB AIR—0 AIR—0 129 109
i i o A GND—1 AIR—0 126 131
T 1 e GND—1 GND—1 124 127
GND—1 GND—1 121 124
G5 M 7l R 22 S o RS e R A T GND—1 GND—1 18 121

PR, b T 842 W I 8 (E A R (B9 S R0k GND—1  GND—1 114 19
e A ER o 0B = A fuh o g 20 2R 47 5 91 : ' ' '

Wi I fih b 125 5 1 S A0 ATUIBCA A 5 4 )

BB 22 WS EAT & 0F s Ay WK A A7 4 A4 715 ST

TSR O E & I 0 ZE AR AR A A SRR ST, P R RE , DL 2y
PUIAR S E™ 5 UM I & S MLAG IR 5% 755 o, I BTAORICRAEBE . FRZE IS B 1990 SN 4 R Gt
KRR PR o RS B E A W ATIRES MR GRETIRE WLa PRSI
BAs AT 5 SRPFIUZE R Y 23 D HAAGFAEINZR 7 PR

RT QARHIEFINERFZETARESTHEANETE

Tab.7 Variables used in operational reliability analysis of braking system in QAR data

AT FHAE P& e pu
BRAKE PRESSURE 1 P, L#HLEE R %2 5 1/ kPa
BRAKE PRESSURE 2 P, 2#HLEE I ZEIE F1/kPa
BRAKE PRESSURE 3 Py 3#HLES A ZEIE F1/kPa
BRAKE PRESSURE 4 P, 4#PLER A R TE J1/kPa
WHEEL_SPEED 1 S, T#HLEE 7/ Kn
MERGBITIRE
WHEEL_SPEED 2 S, 2414 B/ Kn
WHEEL_SPEED 3 S, 3#HLE R/ Kn
WHEEL_SPEED 4 S, A#HL5E T B/ Kn
BRAKE_POS_LH Py e T AR L B %o
BRAKE_POS_RH P, AR 2 A A %
ENGI1 NI Ny 1#EENHUR R S 5% 3/ (1/min)
ENG2 N1 Ny 28R SR L ¥ 3/ (+/min)
TRAS POS L P, Ze S AEAE Sh v s B %
HXRRGBITIRE
TRAS POS R P, A O S AREAE Bl 005 %
SPOILER_L 4, ZEPCRAARA L/ ()
SPOILER_R A, HPCRM AL/ ()
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Fig. 12 Fault tree model with excessive wheel brake temperature difference
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Tab.8 Component failure data and its failure rate
72 4 B N, Fy/h T,/h T,/h A, A,
I ZE R A A 7 88.13 11 769. 00 14 711.0 6.80 x107° 1.61 x107*
e R 34 169.23 10 970. 00 13 712.0 7.29x107°° 1.02x10°*
M G2 3 129. 90 30 136. 80 37 671.0 2.65x10°° 1.02x10°*
IRE % 98.10 108 696.00 135 870.0 7.36 x10°°  7.36x10°°
HLA o A R 6 176.38 10 230.00 12 787.0 7.82x107°  4.11x10°°
BLAS A HE 1L RAR 1 60. 28 6 992.48 8 740.6 1.14x107* 8.03x107°
A, FRBITHER, A, FRBOTHHESR,
ﬁﬂﬁ@%%%%@?ﬁ; BT BB LB EmE
P, = 2;pi (4) —Ee R ;|@ﬁﬁﬁ}+{@ﬁ?ﬁ]
Sofr Py SR R = 1,2, o, Rt | LR AR
§ LRGSR R P, W § A4S R N
SRR I 12 R AR G R AL A i R _‘
ERGAEIANM22 4, B0 n = 22, H(4) it 14_7ﬁ5@§77 PLEES g
BIRR RS 40.0 013 197, (5) WES [ vmEmx || TRHEREESREA L
AT SRR R C R TR B e Ik T Eﬁmﬁ%m |
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Fig. 13 Redistribution approach of reliability indicators
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