21 4 Vol.21 No.4
2006 8 Journal of Aerospace Power Aug. 2006

: 1000-8055(2006) 04-0716-6

( , 210016)

(CBM)
Weibull

CF6
V371 A

Condition based aer o-engine maintenance decision
method using proportional hazards maodel

ZUO Hongfu, ZHAN G-Hai-jun; RON G Xiang

(College of Civil-Aviation;
Nanjing University of-Aeronauties and Astronautics,Nanjing 210016 , China)

Absgtract': Condition based aero-engi ne-mai ntenance (CBM) dedi son based on condition moni-
toring information is an importantissue to-the sfety operation of arlines. In thispgper aero-engine
historical data of ‘removal due to_performance degradation were analyzed , and a functiona reation-
ship between aero-eng ne performance parameters and time-on-wing was established usng Weibull
proportional hazards regresson model. Furthermore, maintenance ded Son threshold is determined
by the minimum mai ntenance cost or maximum availahility strategy. Thus, an objective quantitative
ded son method for optima mai ntenance decison wasprovided. Fnally, thefailure dataof CF6 aer-
o-engines were analyzed in detall as an example usgng the method mentioned above. The result
shows that the method has high practica value for aero-engine CBM decison.

Key words: aerogpace propulson system; aero-engine; time-ornrwing; performance deg-
radation; CBM ; proportional hazards model ; maintenance decison
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Table\l Partial samplesfrom CF6 aer o-engine history fault data
TSN TC num DEGT GWFM _ GPCN25  DPOIL ZVBIF  7ZVB2R _ EGTHDM
5396 1.60 0 7.51 2.54 1.89 -7.27 1.06 0.32 -2.53
10775 1.66 0 -4.74 3.52 1.92 - 5.16 0.52 0.55 29.48
28427 1.75 1 9.12 3.37 1.78 6.89 0.31 0.46 9.28
36 0,
TSN ,
, DEGT( ,
) GWFM ( ) ,
GPCN25( ) DPOIL (
) ZVB1F( ) ZVB2R 2
( ) EGTHDM ( P , GWFM GPCN25 DPOIL
) TSN( ) TC( ZVB1F EGTHDM ,
) num( ) ( 1, DEGT ZVB2R num TC
) , X(t) ={x (t), x2(t), xs(t), Xa
SPSS : , (0}
Overall (score) Previous Step  Previous Block , (
P : 0.05 ) ol
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Table 2 Variables selection compare chart
95.0 % ClI for Exp(B)
B SE wald Df Sg Exp (B)
Lower Upper
TC 6.446 2.961 4.739 1 0.029 630. 008 1.901 2088
num - 0.538 0.212 6.470 1 0.011 0.584 0. 386 0.884
DEGT - 0.109 0. 046 5. 466 1 0.019 0. 897 0.819 0.983
GWEM 0.327 0.195 2.803 1 0.094 1.387 0. 946 2.034
GPCN25 - 0.606 0.737 0.675 1 0.411 0. 546 0.129 2.314
DPOIL 0. 005 0.014 0.112 1 0.738 1.005 0.978 1.032
ZVB1F 0.990 0.754 1.721 1 0.190 2.690 0.613 11.801
ZVB2R -2.121 1.037 4,182 1 0.041 0.120 0.016 0.916
EGTHDM 0. 005 0.021 0. 060 1 0.807 1.005 0.964 1.048
3
Table 3 Correlation Matrix of Regression Coefficients
TC num DEGT GWEM GPCN25 DPOIL ZVB1E ZVB2R
num - 0.474
DEGT - 0.203 - 0.070
GWFEM 0.327 - 0.400 -0.434
GPCN25 - 0.113 0.209 0.277 - 07434
DPOIL 0. 056 - 0.249 - 0.245 0.476 -0.577
ZVB1F 0.062 - 0.169 --0..266 0. 096 - 0.484 0. 322
ZVB2R - 0.182 0.240 - 0.020 -0.171 0.161 -0.341 - 0.181
EGTHDM 0.074 - 0.498 0.537 0.223 0-016 0. 059 - 0.098 - 0.185
3 ; ; , Weibull
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