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Fig.1 Competing failure under effective shock magnitude
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Fig.2 Reliability curves with different effective shock magni-

0 05 1.0

tude limit

R 7 A b BR B A 56 280 m, , m, E AT SO E 4
Br, a5 R 3,4 s o w18 3T DL, i M b iR
(B F SR BRI mo AN 0.4 BN E] 0.7 1, REE 11
EEEEIETE DN R TN OF N A X
5, mo AR 3 FR GE W) b X A0 B o B BT RE ), T 42
A FEPE AR, LU RS

1.0 =z
09\
08f Y
07f \
s 06 i
¥ 0.5f
= o4t

0.3}

02t

0.1f

ll.5 2.l0 ) 2J.5 30
PEIRIREL x10*
B3 ZH0m, B BUBAE 53 B

Fig.3 Sensitivity analysis of parameter mz,

0 05 1.0

1.0
09r
0.8F
0.7F
0.6

& 05F

F o4l
03f
02+
0.1F

1.I5 20 25 30
R <10/
B4 B0, 0 BB S B

Fig.4 Sensitivity analysis of parameter m,

0 05 1.0

FH LA AT DL i Ve oo e R 500 B
M 2X 10 U/ NF] 1X 10 i), 2R G5 1Y AT 5E i 15 A
Koo m BUE /N, 36 oy S S M b o (0 48 5k
/N R G AT S R R R o, B HU(EL S AR XS T
B f) AT 5 B R 0 4 B il 22 TR 25 SRR

Pl 5 R 22 8 r 0 OB 20 A o - DA 0.05 385 i %]
0.9, M5 PR R BUNTF 1.5 10° I, % 7] 58 4 19 52 iy
JUF- AT DL Z 0 s A8 A U BTE 1.5 10731 2.1 <X 10* X [7]
BF, B r B30, REER A SEREZE LN, R
TR R R, U B A 28 o o % 3R AR AR R 1Y) 3R Ak 2R 52 )
VEFIRRR , 22 0 00 AT 5 32 gl £ M 7 J 0l /) 5 L 30) /L 26
TEA 2.1 X 10" Z 5 , B r AN W36, 3 42 00 nf
SEERE LR, TUEHL%%%%&@T%W
T, Z G0 I AL A2 45 500 52 4, o i AH OC R AL
N%hﬁ%&%wmm#%@%o

SR e WU 3 BT AN 6 T 7R o e M 0.3 388
JNE] 0.5, F 48 i 1T 56 B 32 W1 08/ B0 o g BO{E B
:t%%@%ﬁﬁ&tﬁ%%ﬁ%ﬁ%ﬁﬁ&ﬂ%
S0 AR AR R, ARG Y T 5 S AH N IR /)N

MT%%%%E%@@@@%MﬂM%&;@%

1.0
091
0.8F
0.7+

o 067

i 05r

® oab
03
02
0.1F

ﬁszb i53o
PEIRIREL x10*
El 5 80 08U B

Fig.5 Sensitivity analysis of parameter r

0 05 1.0

1.0 =
0.9\
0.8}
0.7}
0.6

051

F o4l
03F
02}
0.1f

1.I5 2.I0 27; 3.0
RN x10°
B 6 5, BB 5B

Fig.6  Sensitivity analysis of parameter zy,

0 05 1.0



158 w3, W

w5 2

W %43 5

A AA il ETER R R TRV R R Rl
K 3~6 ] LU i, BURBEHL h i B AHSE S B W g, m,
A 7 IR AEAEERUREH 12X 10°~2 X 10 X [] 11 14
ZESEROR X ATEESE A e o Al DL, HAT il
PIVER R G0, BN oy 5 R GEA BRGNS o i Y
RE ), X R GE AT SEVE R R TR R B BEER AN 22 200

4 HFRIF

P T — AT AR LM Wiener i3 72 (1) K 52 4+
R F G P SRR AL DA ook (R A B X R AL i
HEAT T 432875 18 R L2 I A BE AL o o X R Ak
AR B RS, R A S i A — e R
B TGN b XT R G R SE e . R, 255 25 8
AP S BEHL L i R A R A AR Ak S BRI AR
A0 ARG PR T S e AT DL N R AR R G
B Ab-vh B SE ML A G TR SEBRG O | b Ik
R ATHEME . AT LLE B Gamma i 2 |
TR A R AN TR B AR R b B R AT A, ST B
H AN R Al A5 55 BEAIL e 1) 5 4 IS SRR

z £ X

[1] CHA J H, FINKELSTEIN M. On new classes of
extreme shock models and some generalizations [J].
Journal of Applied Probability, 2011, 48(1):258-270.

[2] WANG Y P, PHAM H. A multi-objective optimization
of imperfect preventive maintenance policy for dependent
competing risk systems with hidden failure [J]. IEEE
Transactions on Reliability, 2011, 60(4):770-781.

[3] JIANG L, FENG Q M, COIT D W. Reliability and
maintenance modeling for dependent competing failure
processes with shifting failure thresholds [J]. IEEE
Transactions on Reliability, 2012, 61(4):932-948.

[4] RAFIEE K, FENG Q M, COIT D W. Reliability
analysis and condition-based maintenance for failure

hard

Quality and Reliability Engineering

processes failure
threshold [J].
International,, 2017, 33(7):1351-1366.

[5] ZHANG W, JIANG S, LI X Y, et al. An approach to
structural reliability evaluation under fatigue degradation
and shocks [J].
Processing, 2018, 113: 65-76.

[6] SONG S L, COIT D W, FENG Q M. Reliability for

with  distinct

with degradation-dependent

Mechanical Systems and Signal

systems of degrading components
component shock sets [J]. Reliability Engineering &.
System Safety, 2014, 132: 115-124.

[7] RAFIEE K, FENG Q M, COIT D W. Reliability
modeling for dependent competing failure processes

with changing degradation rate [J]. IIE Transactions,

[9]

[10]

[12]

[13]

2014, 46(5): 483-496.

WANG Y P, PHAM H. Modeling the dependent
competing risks with multiple degradation processes and
random shock using time-varying copulas [J]. IEEE
Transactions on Reliability, 2012, 61(1): 13-22.

HAO S H, YANG J. Reliability analysis for dependent
competing failure processes with changing degradation
rate and hard failure threshold levels [J]. Computers &.
Industrial Engineering, 2018, 118: 340-351.

FWA, B, WG TR RS R R R
A I T SR A A A B [ 7). s 24, 2016, 37(4)
1240-1248.

WANG Haowei, XI Wenjun, FENG Yuguang. Re-
maining life prediction based on competing risks of deg-
radation failure and traumatic failure for missiles[J]. Ac-
ta Aeronauticaet Astronautica Sinica, 2016, 37 (4) .
1240-1248. (in Chinese)

SHU Y, FENG Q M, COIT D W. Life distribution
analysis based on Lévy subordinators for degradation
with random jumps [J].
2015, 62(6): 483-492.
AN Z W, SUN D M. Reliability modeling for systems

subject to multiple dependent competing failure processes

Naval Research Logistics,

with shock loads above a certain level [J]. Reliability
Engineering &. System Safety, 2017, 157:129-138.

VE SR A R B . B R b R A AR A
AR 5 4 JC R B [T] . U BT 23 A R R 24 24 4l
2020, 46(12): 2195-2202.

SUN Fugiang, LI Yanhong, CHENG Yuanyuan. Com-
peting failure modeling for degradation-shock depen-
dence systems with shock toughness[J]. Journal of Bei-
jing University of Aeronautics and Astronautics, 2020,
46(12): 2195-2202. (in Chinese)

SI X S, WANG W B, HU C H, et al. Remaining
useful life estimation based on a nonlinear diffusion
degradation process [J]. IEEE Transactions on
Reliability, 2012, 61(1):50-67.

WANG X L, JIANG P, GUO B, et al. Real-time
reliability evaluation with a general Wiener process-
based degradation model [J]. Quality and Reliability
Engineering International, 2014, 30(2):205-220.

E—EFE N AW, B, 19834 10 A
AT CRIRESE B . ARG T 18] ]
S o0 O e IR 5 ] TR A R AL
RY T SEVE AR . 1 & % (Analysis of
multivariate dependent accelerated degra-
i dation data using a random-effect general
Wiener process and D-vine Copula) ({Re-
liability Engineering &. System Safety)
2020, Vol.204) % 3.

E-mail: sunfugiang@buaa.edu.cn



