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Abstract

For gas turbine engines, the safe life methodology has historically been used for fatigue life
management of failure critical engine components. The safe retirement limit is necessarily determined
by a conservative life evaluation procedure, thereby many components which have a long residual life
are discarded. The objective of this study is to introduce the damage tolerant design concept into the
life management for aircraft engine component instead of conservative fatigue life methodology which
has been used for both design and maintenance. Crack growth data were collected on a nickel base
superalloy which have been subjected to combined static and cyclic loading at elevated temperatures.
Stress analysis for turbine disk was carried out. The program for computing creep-fatigue crack growth
was developed. The residual lifes of turbine disk component under various temperatures and conditions
using creep-fatigue crack growth data were estimated. As the result of analysis, it was confirmed that
retirement for cause concept was applicable to the evaluation of residual life of retired turbine disk
which had been designed based on the conventional fatigue life methodology.
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2. Retirement for Cause
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Table 1 Mechanical and physical properties of
Waspaloy

Temperature
()
Density
{glem’)
Yield
strength 940 | 938 | 917
(MPa)
Tensile
strength 1331 | 1260 | 1250 | 1215 | 1180 | 830
{MPa)
Thermal
expansion
coefficient
(1071C)
Elastic
modulus 214 190 188 179 170 165
(GPa)

20 | 450 | 500 | 600 | 700 | 800

911 | 900 | 800

117 4 137 | 139 | 142 | 148 | 156
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Fig. 3 Centrifugal stress distribution (kPa)

3.2 sl A3

tlxaa RololAde &%& 450, 500 I1E]1
600 C% 37FA Z$& 1ejsty asid & HAst
e 450 TY o 7bg 2 o) TAEN T
g B OS_%LOM% 450 “caﬂr“& Ll b
: UFERUA,



Retirement For Cause 70'del 9J3 7} 289 tlam S w7} 369

Fig. 6 Principal stress distribution (kPa)
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Table 2 Description of a simple load spectrum

used to simulate

experienced by a turbine disk

in-service  loads

Flight Segment | Frequency Period Stress Ratio
1 1 CPM - 0.20
2 - 120 sec -
3 1 CPM - 0.46
4 - 306 sec -
5 1 CPM - 0.52
6 - 578 sec -

Creep crack growth;

n = 7.6550 - 4.0975x 10° T

-6.9465-1.2592
D=10 "
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Table 3 Spectrum crack growth results
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