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Fatigue life evaluation procedure and its application for turbine disk
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Abstract: A fatigue life evaluation procedure of a turbine disk was established, and il-
lustrated with a turbine rotor model, meanwhile a simulating test design method of turbine
disk assessment sites was explored. The results show that the established life evaluation pro-
cedure has good engineering practicability. The developed method of determining the equa-
tion parameters could take advantage of the material experimental data effectively, and a
group of parameters could be obtained by this method. Precision of the prediction life by u-
sing the method lied in two times scatter band. The stress gradient was the key influential
factor to the fatigue life near the bore, bolt hole and transitional fillet of the turbine disk, for

which enough attention should be paid in the design stage. Stress gradient features of the
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critical positions in the turbine disk were simulated using a plate model with notches, and the

simulation results agreed well with the test results. A modeling test design method was pro-

vided for life evaluation of the turbine disk test pieces with notches.
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engineering application
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Diagram of the fatigue life evaluation process for a turbine disk
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Fig. 2 Axisymmetric finite element model and critical

locations of a turbine rotor
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Table 1 Stress results at different critical positions
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= C J1/MPa  Jj/MPa  J}j/MPa MPa

1 645.2 640.78 0 665. 68 639.01
2 645.6- 890.44 0 927.18 887. 90
3 603.4 996.02  644.56 1022. 4 892.18
4 561.5 1147.6  773.92 1179.8 1022. 8
5 585.4 1024.5  574.20 1059.4 928. 04
6 529.8 982.29 710. 64 1016. 6 895.02
7 496.9 905.63 797.12 918.13 846. 66
8§ 517.1 828.77  678.19 829. 57 755. 20
9 481.7 13.511 955. 77 955. 77 1109. 2
10 605.0 644.41 446. 33 645. 21 585. 34
11 - 602.9 778.41 507.02 779.92 702.05
12 656.6  739.41 321. 98 753.13 668. 53
13 643.0 631.01 317.91 667.93 567.01
14 475.8  2.8681 991. 14 991. 14 986. 66
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Fig. 3 Three-dimensional finite element model of
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Fig.4 Radial stress distribution of the turbine disk

and sealing disk
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Table 2 Life equation’s parameters of GH4169 at

different temperatures

N 5t A (R0 B CRERD
- 500°C 650 °C 500°C 650 °C
E/MPa 167500 150500 166 000 155000
K'/MPa 1749 1412 1224 1195
n 0.103 0. 096 0. 054 0. 086
of/MPa 1901.81 1956.71 1761.57 1744.45
€ 0.2857 0. 3025 0.2749 0.3072
b —0.0837 —0.09144 —0.08126 —0.0867
¢ —0.5923 —0.80272 —0.59585 —0.6861
y 0.6265 0. 589 0.5967  0.7598

A 25.4935 3. 827 1.6469 1. 4854
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Table 3 Life prediction at different locations of the disks
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Fig. 5 Notch geometry of the specimen
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Table 4 Value of the design variables inorthogonal

experimental design

IK L/mm W/mm R/mm r/mm d/mm
1 20 20 8 3 10
2 24 24 12 4 12
3 26 26 14 S 14
4 30 28 16 6 16
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