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Performance reliability prediction for civil aviation aircraft engine
based on Wiener process

ZHU Lei, ZUO Hong-fu. CAI Jing

(College of Civil Aviation,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: With respect to degradation data of civil aviation aircraft engine, a method
which combined prior degradation information with current degradation data was proposed to
assess performance reliability and residual life. Firstly, on the basis of prior degradation in-
formation, prior distributions of Wiener process parameters were confirmed. Secondly, by u-
sing Bayesian method, prior distributions could be updated to posterior distributions, and
then the reliability and residual life of an engine were evaluated based on the posterior distri-
butions. The proposed method can update the evaluation results of reliability and residual life
whenever new degradation data is available. Finally, a practical example of degradation data
of civil aviation aircraft engine was used to testify the validity of the proposed model. The re-
sult shows that the deviation of No 41 engine in 2000 cycles and 3000 cycles is 0. 060 and

0. 018, which satisfies the management requirement of engine fleet of airlines.
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Table 1 Aeroengine exhaust gas temperature margin data
1 2 3 4 5 38 39 40 41
100 76.9 7.7 67 63 70. 8 67 74 61 69
200 73.7 71.4 61.4 61.4 56.2 65 70 65. 3 63.3
300 75.5 75.1 56. 8 56. 8 44.6 61.1 65.5 65. 8 61.1
400 77.3 78.8 62.2 62.2 49 59.8 64 59.6 59.5
500 74.1 72.5 57.6 57.6 53.4 58.41 64.9 59 57.6
600 76.9 66. 2 58 58 57.8 57.8 52.1 53.1 54
700 7.7 59.9 56.4 56.4 52.2 A7 50. 7 53 39.5
800 74.5 53.6 58.8 58.8 56.6 47 60. 3 49,2 41
900 71.3 47.3 58.2 58.2 36 56.3 56. 8 49. 2 49.6
1000 68.1 45. 35 53.6 53.6 14.9 48 56 51.9 57.8
1100 64.9 43. 85 57 57 26.7 54 56 39 48.9
1200 61.7 42. 35 59 59 38.9 52.8 53.3 25.3 8
1300 58.5 41.5 51 51 51.6 56.3 52.2 44,3 56.7
3800 5.3 2.4 5.7 4.5 3.1 20 18 10.1 31.2
3900 4.5 1.4 3.5 2.9 1.1 15.4 12.5 9.1 28.5
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Table 2 Updating of performance degradation

parameters of No. 41 engine

02000 4000 6000 8000 10000 12000 14000

3 41
Table 3 Comparison of residual life prediction

of No. 41 engine

1500 2000 3000

/ 5409 4213 3416
/ 5607 4952 3764
0. 086 0.060  0.018

0.126 0.105  0.082

1500 2000 3000
P 0.00651 0.00892 0.01102
o 0.359982 0. 388587 0.424983
[12]



1012

28

(1]

(2]

(3]

[4]

[6]

(7]

[8]

[9]

Cox D R, Miller H D. The theory of stochastic processes
[M]. London:Chapman and Hall,1965.
Doksum K A, Hoyland A. Models for variable-stress accel-
erated life testing experiments based on Wiener processes
and the inverse Gaussian distribution[ ] ]. Technometrics,
1992,34(1) . 74-82.
Whitmore G A. Estimating degradation by a Wiener diffu-
sion process subject to measurement error [ J]. Lifetime
Data Analysis, 1995,1(3):307-319.
Whitmore G A, Schenkelberg F. Modeling accelerated deg-
radation data using Wiener diffusion with a time scale
transformation[ J ]. Lifetime Data Analysis, 1997,3 (1)
27-45.
Park C, Padgett W J. Accelerated degradation models for
failure based on geometric Brownian motion and Gamma
processes [ ] ]. Lifetime Data Analysis, 2005, 11 (4);
511-527.
Onar A,Padgett W J. Accelerated test models with the in-
verse Gaussian distribution[ ] ]. Journal of Statistical Plan-
ning and Inference,2000,89(1/2):119-133.
[Jl. ,2006(3) :62-64.
ZHAO Jianyin, PENG Baohua,SUN Quan, et al. Degrada-
tion failure analysis of metallized film pulse capacitors[]].
High Voltage Engineering,2006(3) :62-64. (in Chinese)
, , s Wiener
[Jl. ,2011,26(3):622-627.
LI Haitao, JIN Guang, ZHOU Jinglun, et al. Momentum
wheel Wiener process degradation modeling and life predic-
tion[ ] ]. Journal of Aerospace Power, 2011, 26 (3); 622-
627. (in Chinese)

. Wiener

’ ’ ’

L1l
1588-1592.
ZHOU Jinglun, LI Haitao, LIU Xuemin,et al. A bootstrap

, 2011, 31 (8):

method of life prediction based on Wiener process[ J]. Sys-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

tems Engineering Theory &. Practice,2011,31(8) 1588
1592. (in Chinese)

(1l . 2011, 33
(5):59-63.
WANG Xiaolin, GUO Bo,CHENG Zhijun,et al. Modeling
and analysis of equipment’s residual life considering the
condition of damaging measuring[ J ]. Journal of National
University of Defense Technology,2011,33(5):59-63. (in
Chinese)
Wiener

’ )

L1l ,2011
(1):18-21.
QI Jianjun, LIU Yajie,CHENG Zhijun. Reliability analysis
of charging pump for spaceflight based on Wiener process
[J]. Electronic Product Reliability and Environmental Tes-
ting,2011(1) :18-21. (in Chinese)

Lyl .2009, 24
(12):2796-2801.
REN Shuhong, ZUO Hongfu, BAI Fang. Real-time per-
formance reliability prediction for civil aviation engines
based on Brownian motion with drift[ J]. Journal of Aero-

space Power,2009,24(12) :2796-2801. (in Chinese)

[D].

REN Shuhong. Research on methods of performance relia-

,2010.

bility assessments and life on wing prediction for civil aero-
engine[ D]. Nanjing: Nanjing University of Aeronautics
and Astronautics,2010. (in Chinese)

Congdon P. Bayesian statistical modeling[ M ]. Haboken,
US: Wiley,2001.

Ahmad K E, Jaheen Z F. Approximate Bayes estimators
applied to the inverse gaussian lifetime model[ ]J]. Comput-
ers Math Applic,1995,29(12) :39-47.

Chikkara R S, Folks J L. The inverse Gaussian distribu-
tion: theory, methodology and applications [ M ]. New
York: Marcell Dekker.1989.

Seshadri V. The inverse Gaussian distribution[ M]. Ox-

ford: Oxford University Press,1993.



