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A Study on the Thermo-Mechanical Fatigue Loading for Time Reduction
in Fabricating an Artificial Cracked Specimen
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Abstract

In the nuclear power plant, early detection of fatigue crack by non-destructive test (NDT) equipment due to the thermal cyclic
load is very important in terms of strict safety regulation. To this end, many efforts are exerted to the fabrication of artificial
cracked specimen for practicing engineers in the NDT company. The crack of this kind, however, cannot be made by conventional
machining, but should be made under thermal cyclic load that is close to the in—situ condition, which takes tremendous time due to
the repetition. In this study, thermal loading condition is investigated to minimize the time for fabricating the cracked specimen
using simulation technique which predicts the crack initiation and propagation behavior. Simulation and experiment are conducted
under an initial assumed condition for validation purpose. A number of simulations are conducted next under a variety of heating
and cooling conditions, from which the best solution to achieve minimum time for crack with wanted size is found. In the
simulation, general purpose software ANSYS is used for the stress analysis, MATLAB is used to compute crack initiation life, and
ZENCRACK, which is special purpose software for crack growth prediction, is used to compute crack propagation life. As a result
of the study, the time for the crack to reach the size of Imm is predicted from the 418 hours at the initial condition to the 319
hours at the optimum condition, which is about 24% reduction.
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20 502

Specific heat capacity 93 525
(J/Kg - K) 316 562

760 646

Thermal conductivity 100 16.3
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Condition(time} Crack Iinitiation Crack growth Totalfatigue life
heating cooling cycle hour cycle hour total time temperature
50 20 18101 352 3635 71 423 405
50 30 17801 396 9851 219 614 366
50 40 12401 310 18675 467 777 345
50 50 10001 278 30266 841 1119 331

60 20 12301 273 2061 46

60 30 11301 283 5405 3 L ,
60 40 9001 250 10800 300 550 385
60 50 6501 199 17904 547 746 370
70 20 8301 208 1315 33 240 488
70 30 8401 233 3294 92 %5 | w5
70 40 7201 220 6468 198 418 421
70 50 5401 180 12234 408 588 405
80 20 4201 117 1083 30 147 522
80 30 6501 199 2154 66 264 479
80 40 6001 200 4132 138 338 453
80 50 4901 177 8724 315 492 437
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