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Abstract

In this project, a nondestructive evaluation method is developed for
the crack size identification and fatigue life prediction of damaged
turbine blades. The present nondestructive evaluation method utilizes the
feature that the natural frequencies of a damaged component are different
from those of the component without damage. The finite element method
1s used to construct the relations between natural frequency and crack
size for a turbine blade with different cracking conditions. The contact
behavior between the root of the blade and the ring has been considered
in the finite element model. The accuracy of the adopted finite element
model has been verified against the experimental results obtained for a
blade like specimen. Vibration testing of the damaged turbine blade is
performed. The response of the blade is measured and the natural
frequencies of the blade extracted. In the identification process, each of
the possible cracking conditions is studied via a number of the finite
element analyses of the blade. The true crack size is then identified by
minimizing the difference between the theoretical and experimental
responses. Due to the existence of many uncertain factors, the measured
natural frequency will be random in nature. A probability distribution is
used to study the scattering of the natural frequency. The crack size so
obtained will possess a probability distribution. A method constructed on
the basis of the reliability and fracture mechanics theories is used to
predict the residual life of the blade.

The case of multiple cracks identification is also investigated. It has

been found that except the major crack, other secondary cracks cannot be



determined from the measured natural frequencies. A method is
presented to determine the size of the major crack from measured natural
frequencies énd those of the secondary from measured strains. The
results show that the proposed method is feasible and can be extended to

crack size identification of real turbine blades.

Keywords: Turbine blade, fracture, fatigue, identification, nondestructive

evaluation method, finite element method, natural frequency.
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Node ¥ B

Mesh # iR, Element 8 | % —1{8 A %48 £ (Hz)
I 560 1194 464.8
11 816 1818 444 4
I1I 1352 3062 4431
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AR PRAE 1053. 3750. 4305. 6256.
WAE 1048. 3590. 4325, 6061.
gkl FHEAE 1044, 3720. 4139. 6212.
0.5mm| #AE 1040. 3560. 4157. 6019.
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