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Abstract In order to solve the reliability evaluation under the competitive failure of multiple performance aero-engines,
multiple performance data was fused into an overall degradation data by the matrix similarity, and a nonlinear Gamma process
with random effects was used to fit the overall degradation data to obtain the reliability function under multivariate degradation.
Assume that multiple performance of the aero-engines have sudden failures, the optimal sudden failure distribution was selected
by Anderson-Darling(AD) distribution test, the reliability function under sudden failures was obtained by the mixed distribution.
Assume that degradation failure and sudden failure were independent, the reliability evaluation of the multiple performance aero-
engines under competitive failure was realized. Finally,the effectiveness and accuracy of the model were verified by the case analysis.
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Tab.1 Multivariate degradation information data of aero-engines
PEI KL PEREFE A KNV Engine number
Number of  Performance

cycles indicators 1 2 3 17 18 19 20

EGTM 110 98 101 85 94 101 83
400 DWF 0.375 0.301 0.341 0.256 0.352 0.322 0.421
ZVB2R 0.063 0.061 0.087 0.054 0.074 0.068 0.059

EGTM 108 96 98 84 93 100 80
800 DWF 0.423 0.390 0.392 0.346 0.432 0.399 0.512
ZVB2R 0.073 0.079 0.096 0.068 0.088 0.075 0.063

EGTM 105 92 95 82 88 98 78
1200 DWF 0.502 0.421 0.459 0.403 0.490 0.483 0.602
ZVB2R 0.080 0.086 0.105 0.075 0.097 0.088 0.081

EGTM 47 — 41 38 36 49 30
8 800 DWF 1.939 1.887 2.131 2.004 2.069 1.892 2.174
ZVB2R 0.263 0.299 0.287 0.285 0.316 — 0.316

EGTM 44 — 39 36 34 46 —
9200 DWF 2.014 1.962 2.216 2.088 2.150 1.966 2.258
ZVB2R 0.272 0.310 0.296 — 0.327 — 0.332

EGTM 43 — 36 33 — 44 —
9 800 DWF 2.089 2.038 2.302 2.171 2.232 2.041 2.341
ZVB2R 0.282 0.321 0.306 — 0.339 — 0.341

EGTM — — 33 31 — 41 —
10 000 DWF 2.163 2.113 2.387 2.254 2.314 2.115 2.425
ZVB2R 0.291 0.332 — — 0.350 — 0.353

{I&5E EGTM 1 22 B i 26, DWF 1) 2 B iy

2.3,ZVB2R W R HAE R 0. 32, R 2. 1Ry
B Rl A R 3RAS T R REA A S K sh HILAE 45 I e s
Z R E  nZR 2 T .

F2 EMERFVERERRULIE
Tab.2 Overall degradation data of an aero-engine sample
(EEARVN ' HeRIRAL (EEARVN LIS YA

Number of Overall Number of Overall
cycles degeneration cycles degeneration

400 0 8400 0.782

1200 0.293 8 800 0.787

1600 0.423 9200 0.791

2 000 0.499 9 600 0.796

10 000 0.799

M K sh AL A AR Ak e R 117 3 1R GR A B ds Ay
Z 1 e IR Ak Y B R B {E, SR FH ARIMA & 1E P e k2K
{8, AT B R AR AR AR R U 2 2 45 i s R alibIL, R 3K
iF %1 8 800, i EGTM=25, Al B D = 0. 787,

K HA BEMLRON A AE 2R 1 Gamma B ML 72 UE
e & shHLAR Ak AR A PSO J7 e Al 1B A A Y v
MR S8 MR R (dn.y.b)={9.516 %

10, 63.90,0. 121, 1. 429 },

FR 8 2 5CHIHE FT 40, EGTM F1 ZVB2R Sy 5 & A=
28 K W B R PE RE 7R IR 0 N A 4 A & sh AL A
EGTM & 58 K 80, 58 KRB ] T,=1{8 800, 9 200,
9 600,10 000} ; /7 31 & ZhHL™ i ZVB2R kAR KR
B, 5 % R AUHA] T, = {8 800, 9200, 10 000}, 5%} %€
R R AT (B B HEAT 43 A0 0 FE A 3, #5439 1 AD {E
N T v N Ol O R [ W oL 2 N I 0 S
MFE3I PR,

12 3 W1, EGTM %8 & 2% 550 e e o A 2 2 oy
IEZAST A0, ZVB2R 28 K& Bt L 43 A FE YA AT 7R
I3 FH UG AT RN AT IR A3 A N R 58 R RS A

*3 FRA%INREEHSHHAD

Tab.3 AD value of different categories of catastrophic failure

distribution
PERESEb  HREOME BUORME IERE RMBOER A
Performance Exponential =~ Weibull Normal Lognormal
indicator  distribution  distribution  distribution distribution
EGTM 1.670 0.210 0.159 0.160
0.230 0.223
ZVB2R 1.245 0.321 (A (A

Insignificant) Insignificant)
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