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CAE Technology Application on High-Temperature Creep analysis
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Abstract: In this paper, the high-temperature creep analysis for the first stage HP rotating blades of 21000MW USC
steam turbine is investigated. Based on the creep test data, the generalized least squares method is adopted to fit the
each parameter of the power-law equation. The calculated stress results are compared with the test data, and then the
parameters of power-law equation are updated. The coefficients of heat transfer in fluid domain are computed in
CFD analysis software and then interpolated to the FEA program. Then the creep stress in the key area of root
chamfer is deeply discussed. The fitting method is proved to be reliable because of the small difference between the
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computed results and test data. The analysis results indicate that CAE technology is very important in the creep
analysis of the steam turbine.

Keywords: Creep; Creep test data; Fitting; Steam turbine; Blade; CAE
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% 1 Nimonica 80A METSIXIAHIE

“c¢h Strain Stress, MPa (ksi), to give total plastic strain in:

% 100h 300h 1000h 3000h 10,000h 30,000h
0.1 558 (80.9) 511 (74.1) 460 (66.7) 412 (59.7) 371 (53.8) -

600 (1112) 0.2 590 (86.9) 551 (79.9) 500 (72.5) 453 (65.7) 400 (58.0) -
0.5 635 (92.1) 607 (88.0) 574 (83.2) 522 (75.7) 460 (66.7) 402 (58.3)*
0.1 454 (65.8) 403 (58.4) 347 (50.3) 208 (43.2) - -

650 (1202) 0.2 502 (72.8) 451 (65.4) 395 (57.3) 344 (49.9) 289 (41.9) —
0.5 - 494 (71.6) 443 (64.2) 385 (55.8) 476 (69.0) 266 (38.6)
0.1 346 (50.2) 295 (42.8) 238 (34.5) 190 (27.6) 147 (21.3) -

700 (1292) 0.2 388 (56.3) 337 (48.9) 281 (40.7) 232 (33.6) 178 (25.8) 124 (18.0)"
0.5 - 369 (53.5) 309 (44.8) 255 (37.0) 195 (28.3) 141 (20.5)"
0.1 239 (34.7) 192 (27.8) 144 (20.9) 108 (15.7) 74 (10.7)" -

750 (1382) 0.2 273 (39.6) 227 (32.9) 176 (25.5) 131 (19.0) 88 (12.8) -
0.5 300 (43.5) 255 (37.0) 205 (29.7) 159 (23.1) 116 (16.8) 77 (11.2)*
0.1 124 (18.0) 93 (13.5) 59 (8.6) 36 (5.2) 23 (3.3) -

815 (1499) 0.2 137 (19.9) 107 (15.5) 73 (10.6) 43 (6.2) 26 (3.8) 15 (2.2)
0.5 148 (21.5) 116 (16.8) 80 (11.6) 53 (7.7) 31 (4.5) 19 (2.8)

*Extrapolated

2 Nimonica 80A #4i{EE

Test Program
Property A B [o) D
GPa (107 ksi) GPa (10°® ksi) GPa (10° ksi) GPa (10° ksi)

20 (68) 183 (26.5) 210 (31.8) 214 (31.0) 227 (32.2)
100 (212) 179 (30.0) 216 (31.3) 210 (30.5) 219 (31.8)
200 (392) 173 (25.1) 210 (30.5) 205 (29.7) 213 (30.9)
300 (572) 168 (24.4) 204 (29.6) 199 (28.9) 208 (30.2)
400 (752) 163 (23.6) 197 (28.6) 192 (27.8) 201 (29.2)
500 (932) 157 (22.8) 191 (27.7) 185 (26.8) 194 (28.1)
600 (1112) 150 (21.8) 183 (26.5) 178 (25.8) 188 (27.3)
700 (1292) 142 (20.6) 175 (25.4) 170 (24.7) 180 (26.1)
800 (1472) 134 (19.4) 165 (23.9) 161 (23.3) 170 (24.7)
900 (1652) 123 (17.8) 153 (22.2) 149 (21.6) 159 (23.1)
1000 (1832) 112 (16.2) 141 (20.5) 134 (19.4) 145 (21.0)

Extruded bar (12 casts). Heat treated 8 hours/1080°C (1976°F)/air cooled + 16 hours/700°C (1292°F)/air cooled.
Extruded bar, subsequently forged (13 casts). Heat treated 8 hours/1080°C (1796°F)/air coocled + 16 hours/700°C (1292°F)/air cooled.

Extruded section, subsequently cold rolled (5 casts). Heat treated 8 hours/1080°C (1796°F)/air cooled + 16 hours/700°C (1292°F)/air cooled.

°© o m »

. Cold rolled sheet (4 casts). Heat treated 2-3 minutes/1150°C (2102°F)/fluidized bed quenched + 20 minutes/1040°C (1904°F)/air cooled + 4 hours/750°C
(1382°F)/air cooled. Dynamic moduli are usually about 0.2% higher than static moduli at room temperature, increasing to 1% at 1000°C (1832°F).
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