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Investigation of the High Cycle Fatigue Crack of the Gas Turbine Compressor Blade
Using Finite Element Analysis
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A gas turbine consists of an upstream compressor and a downstream turbine with a combustion
chamber, and also the compressor and the turbine are generally coupled using a single shaft.
Large scale gas turbine compressor is designed as multi-stage axial flow and the blade is fan-
type which is thick and wide. Recently radial cracking happens occasionally at the compressor
blade tip of targe scale gas turbine. So, FEM was performed on the compressor blade and
vibration modes and dynamic stresses were analyzed. According to the analysis, 9th natural
frequency mode of the blade, which is 2 strip mode, is near the vane passing frequency by the
vane located at the upstream of the blade.
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Table | Specification of gas turbine compressor

Item Unit Spec.

Output MW 168 B
Revolution rpm 3600
No. of turbine stage Stage 3
No. of compressor stage Stage 18
Combustor Ea | 14(cantype)
Turbine inlet temp. T 1,310
Turbine outlet temp. T 592.5

| Compressor inlet temp. T 15
Compressor inlet pressure Atm latm
Compressor outlet temp. T 448.5
Compressor outlet pressure | Atm 16.35
Compressor flow kg/s 416.6
Compression ratio 16.16
;I::;rial of compressor GTD 450
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Fig. 1 Gas turbine rotor

Fig. 3 Breakage of low pressure compressor blade
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Fig. 5 Crack of low pressure compressor blade
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Fig. 7 Finite element model
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Table 2 Calculation result of natural frequency

Mode|Mode|Mode|node[Mode[Mode|Mode[Mode[ModelMode[Mode[vode[Mode
#1 | #2 | #3 | 44 | #5 | #6 | 47 | #8 | #9 | 410 | #11 | #12 | 413

0 | 119 [ 219 | 311 596 | 722 | 113411465 (1644{1959|2275|2766 3135|3275

11179 | 220 | 566+ 721 |1106|1227 11474 1170219592291 {2782 31363283

206 | 455 | 587 1 722 | 1209148711703 1958 1224412669 | 311213205 | 3487

207 | 563 | 7211 939 | 1368 [1515/1952(2000|2267 2684 |3118{3215 (3487

207 | 566 | 721 1052|1446 156211957 (22362671 | 2899|3124 13227 (3488

207 | 566 | 721 | 1078|1458 | 1582 1957122432682 3114|3205 3487|3538

207 | 567 | 721 | 109411465 1596|1957 (2246 | 268613118 |3213 3488 {3799

207 | 567 | 721 | 1097|1466 | 159911957 (2247|2686 |3118 321413488 (3817

2
3
4
5
6 | 207 | 567 | 721 1089|1463 | 15911957 |2245{2684{3117|3211]3488 3743
7
’78
9

207 | 567|721 [1099 1466 | 16011957 |2247|2687 |3118 321534883825

101 207 | 567 | 721 |1100|1467 | 1602119572248 268731193216 | 3488|3829

111207 | 567 | 721 | 1101|1467|1603 1957|2248 1268713119|3216]3488|3832

121207 | 567 | 721 |1102|1468 (1604|1957 2248 |2688{3119 (3216134883834
13 1207 | 567 | 721 | 1102|1468 ]1604]1958|22482688|3119 3216|3488 | 3835

141207 | 567 | 721 11103 | 1468 | 16051958 |2249]2688 3119|3217 3488|3835

151207 | 567 | 721 | 1103|1468 | 1605 195822492688 1311932173488 |3836

16 207 | 567 | 721 | 11031468 (1603 195812249{2688 311932173488 (3836
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Fig. 8 Interference diagram of 2nd stage blade

Fxg 9 F undamental mode of 2nd stage blade
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