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Abstract

The social demand urges us to use some equipments and structures in high temperature
environment. By this occasion, the necessity of studying the fatigue crack growth is an
important aspect of new materials. However, the present situation is rarely to accumulate
the fatigue data. Especially, 1Cr-1Mo-0.25V steel and 304 stainless steel have been
increased to be used under the severe condition of high temperature. And so, the fatigue
estimation of those matenials is important and appropriate.

Fatigue tests have been carried out to examine the crack initiation, growth behaviour for
the small fatigue crack of 1Cr-1Mo-0.25V steel and 304 stainless steel at room
temperature and 538C

The remote measurement system which has many merits of checking and saving the
image for detailed examination was applied to closely detect the crack length.

Generally, the fatigue crack initiated in the form of multiple cracks and grew each other.
And then it coalesced to become a major crack. The major crack governed the rest of the
fatigue life. In the growing process, each peripheral cracks interact and grow for a certain
period. After then, it coalesced and fractured.

On the basis of the above experimental data for the small crack, a simulation program
was developed to predict the residual life time and to estimate the integrity of machine
elements and structures. At the same time, the simulation was extended to 1Cr-1Mo-0.25V
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steel. The simulation results have shown a good agrement to those of the experimental
ones for both materials of 1Cr-1Mo-0.25V steel and 304 stainless steel with small cracks.
The NASCRAC has applied to compare the fatigue life with the experimental results. And
s0. it can be said that the simulation program is valuable tools to the industrial fields.
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Table 1 Mechanical properties of specimen materials
. Temper- Yield Stress Tensile Elongation Reduction of Hardness
Material ture(C) (MPa) Strength (%) Area (Hv)
ature (MPa) ° (%)
24 665.2 823.1 188 59.4 266
1Cr-1Mo-0.25V
538 5335 580.6 22.7 55.5 -
24 313.8 647.2 57.0 72.0 179
STS304
538 208.0 505.2 40.8 66.5 -
Table 2 Chemical properties of specimen materials(wt., %)
Material C Si Mn P S Ni Cr Mo \% As Sn Sb
1Cr-1Mo-0.25V | 031 0.23 0.76 0.006 0.001 036 | 1.11 132 | 027 | 0.006 0.005 0.001
STS304 0.07 0.35 1.89 0.032 0.014 85 18.0 - - - - -
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Fig. 8a Simulation results of 1Cr-1Mo-0.25V steel without an artificial defect at both room temperature
and 538C (1) 491MPa  (2) 480MPa
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Table 4 Comparison of the simulation results with the experimental results”™

Specimen Experi- Ratio between
be Simulation | NASCRAC | experimental result and
mental . .
result result simulation
Temper- . result .
. Geome- | Stress (cycles) (cycles) one(NASCRAC)
Material ature (cycles)
. try (MPa) (%)
()
24 Smooth 491 76,700 76,000 82,825 -0.91 (7.98)
Cr-Mo-V Smooth 480 31,000 31,000 30,358 00 (207
538
Defect 426 14,000 14,000 18,561 0.0 (-3258)
STS304 24 Defect 314 148,000 148,000 153,293 0.0 (-3.58)
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Fig. 9a The simulation results of crack growth behavior by NASCRAC for 1Cr-1Mo-0.25V steel of
smooth specimen (1) 491MPa  (2) 480MPa
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Fig. 9b The simulation results of crack growth behavior by NASCRAC for a 1Cr-1Mo-0.25V and a 34
stainless steel of defect specimen (1) 1Cr-1Mo-0.25V steel, 426MPa (2) 304 stainless steel, 314MPa
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Table 5 Simulation results for the multi-small
cracks by the simulation program

Specimen Simulation
N sult
. . | Temperature| . Stress resu
Material (C) Geometry (MPa) (cycles)
. _, 426 12,000
Cr-Mo-V 338 Defect 373 89,000
. 314 119,000
STS304 24 Defect 283 211000
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