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Remaining useful life prediction based on UKF for aircraft structure
with fatigue crack

LUO Bin, LIN Lin, ZHONG Shisheng

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A novel remaining useful life ( RUL) prediction method based on unscented Kalman filter ( UKF) is
proposed for structure with fatigue crack in machinery systems, which mainly includes two parts; performance
evaluation of fatigue crack and RUL prediction. In the first part, a discrete state-space model is established based
on the Paris law. Then the UKF is applied to estimate the two unknown Paris” law constants C and m combining
with the real-time information obtained by sensors, in order to alleviate the negative influence on prediction
accuracy caused by the uncertainty of incompletion of status information, as well as environmental noise. In the
second part, the RUL of fatigue structure is predicted based on the discrete crack growth model according to the
estimated result obtained by the UKF. The numerical experiments indicate that the UKF accurately identified the
unknown parameters, furthermore, better performance in RUL prediction is obtained by comparing with extended
Kalman filter( EKF) method. The RUL prediction accuracy can be efficiently improved by combining the discrete
Paris law with UKF.
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Fig.1 The analysis process of structure damage tolerance method
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Fig.4 The experimental fatigue crack growth curves of the 5 specimens and the crack growth rate versus stress intensity factor range of

the 5 specimens
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Table 2 Parameters for numerical study

m P

Ik 22 75 22

Table 1  The fatigue performance parameters, C and m, of the 5
specimens
I log C m
1 -32.3415 3.861 0
2 -31.750 9 3.733 6
3 —33.458 7 4.130 7
4 -33.477 1 4.103 8
5 -32.418 5 3.869 7
HIH -32.689 3 3.945 4
VES 0.676 4° 0.140 2°
WAL/ m a,/m log C
0.003 0.014 N( - 32.68,0.67%)
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Tab.3  The result of four evaluation parameters for specimens 1
and 2
k wE Ak a; B/ % Vi Vv,

UKF 3.207 0.90 0.001 1 0.000 3
EKF 3.184 1.88  0.0058 0.002 3

5 000 ) UKF 3.228 0.24  0.0005 0.000 4
EKF 3.156 2.47  0.009 8 0.0037
| UKF 3.648 0.50  0.0005 0.000 1
EKF 3.625 1.37 0.004 2 0.002 2
10 000
5 UKF 3.709 1.15  0.0021 0.000 3
EKF 3.637 0.82  0.002 4 0.003 6
. UKF 4.212 0.28  0.0002 0.000 1
EKF 4.171 1.27  0.0182 0.0152
15 000
) UKF 4.338 2.68 0.0135 0.000 2
EKF 4.303 1.86 0.0295 0.023 1
| UKF 4.971 0.09 0.0001 0.000 1
EKF 4.876 1.98  0.0650 0.054 9
20 000
5 UKF 5.191 433  0.0483 0.0002
EKF 5.110 2.72  0.1042 0.0852
. UKF 6.042 0.06  0.0001 0.000 1
EKF 5.871 276 0.2230 0.194 3
25 000
) UKF 6.422 6.36  0.1528 0.000 2
EKF 6.273 3.89 03663 0.3091
| UKF 6.480 0.26  0.001 1 0.000 2
EKF 6.279 336 09990 0.856 0
30 000
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EKF 6.757 2.79 14876 1.3751
. UKF 6.959 1.01  0.0155 0.0005
EKF 6.733 422 1.77084 1.4875
32 000
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EKF 7.309 3.53  2.6392 2.4843
| UKF 7.511 1.88  0.063 3 0.001 7
EKF 7.255 522 29364 2.608 8
34 000
5 UKF 8.141 2.11  0.0943 0.002 1
EKF 7.951 4.40 47497 4.5637
. UKF 8.153 290 0.181 8 0.0045
EKF 7.860 6.39  5.1348 4.6758
36 000
) UKF 8.903 3.29  0.2799 0.005 8
EKF 8.707 542 8.8204 8.6720
| UKF 8.910 4.12  0.4495 0.010 8
EKF 8.571 7.77  9.278 7 8.704 2
38 000
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EKF 9.609 6.65 17.324 4 17.464 6
. UKF 9.816 5.60 1.0371 0.0239
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40 000
) UKF  10.904 6.40 1.6940 0.0339

EKF 10.702 8.14 37.554 4 38.834 9
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Tab.4 The RUL prediction result of the 5 specimens

i Bk S Ay i E./ %
. UKF 45 991 3.63
EKF 47 491 7.01

) UKF 44 066 3.46
EKF 45 116 5.92

5 UKF 42 370 2.35
EKF 43 079 4.07

4 UKF 50 941 4.73
EKF 47 895 1.53

5 UKF 48 200 3.88
EKF 48 647 4.85
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