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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Development of residual life assessment for high chromium steels

Name: WATANABE Yasuaki

This thesis investigated a method for predicting mechanical properties and creep damage rate using
destructive testing method for high Chromium steel, which is a component of ultra-super critical power
plants.

Chapter 1 gives the background and purpose. In recent years, as the equipment of ultra-super critical
power plants has aged, the demand for maintenance technology has increased. High chromium steels for
component of USC plants, has the characteristic that the impact properties deteriorate in high temperature.
However, Testing methods for Impact properties of high chromium steels are limited. On the other hand,
There are research reports on methods for predicting creep damage rates using non-destructive tests, but the
accuracy is not high. Therefore, the purpose of this study was to establish a method for predicting the impact
properties a highly accurate method for predicting mechanical properties and creep damage rate using small
punch testing methods.

Chapter 2 examined indicators for predicting the impact characteristics of High chromium steels. In
order to study the index for predicting the impact properties of high chromium steel, we prepared heat aged
materials for up to 20,000 hours at 610°C and 630°C. First-principles calculations showed that the fracture
toughness value increase as W increase (Mo decreases) in the Laves phase. However, contrary to the
increase in W associated with heating aging, the absorbed energy tended to decrease, so it was concluded
that the effect of changes in the composition of the Laves phase on the impact properties was small. On the
other hand, a good correlation between the absorbed energy and the ductile-brittle transition temperature
was obtained with the precipitated area ratio and size of the Laves phase. It is believed that impact
properties can be predicted by quantifying the precipitation area ratio and size of the Laves phase in actual
machine.

In Chapter 3, in order to establish a method for predicting impact properties using non-destructive
testing methods, we investigated evaluation indicators that reflect the precipitation area ratio and size of
the Laves phase using electrochemical measurement methods. In an anodic polarization test using
10mol/L-KOH solution, it was confirmed that a peak current density Ip2 that selectively dissolves only the
Laves phases (both FezMo type and Fe, (Mo, W) type) were detected in the range of -900mV to -300mV
(vs Ag/AgCl). A good correlation was obtained between the amount of dissolved charge Q at the peak
current density Ip2 and the Laves phase area ratio. By using the technology, we demonstrated the
possibility of quantitatively predicting the impact characteristics of actual machines on-site.

In Chapter 4, we investigated methods for evaluating ductile-brittle properties using small punch tests
and predicting tensile properties in order to improve the prediction accuracy of mechanical properties of
actual machines. The SP ductile-brittle transition characteristics associated with heat aging and creep were



investigated for COST-E cast steel. The test temperature at SP fracture energy Esp=1 (J) was defined as
SPDBTT (T,;). As a result of organizing the change in SPDBTT (T,,) using the Larson-Miller parameter
(LMP), it was found that SPDBTT (T,) shifted to the high temperature side due to heating aging and creep,
and then ductility recovered as LMP increased. The ductility recovery tendency of SPDBTT(T,;) with
increasing LMP is due to the fact that the number density of the Laves phase decreases, making it easier

for dislocations in the matrix to move, or because the probability of occurrence of cleavage cracks
originating from the Laves phase decreases. However, the detailed factors are a subject for future study. In
predicting tensile properties, it was confirmed that yield stress and tensile strength can be predicted from
SP fracture properties by using the formula proposed by Garcia et al. for both forged and cast COST-E
steels.

Chapter 5 examines the correction of the small punch creep (SPC) rupture time due to differences in
the jig (lower die shape) in order to apply the SPC test method to creep damage evaluation. In addition, in
order to improve the prediction accuracy of creep damage rate, we clarified the effect of uniaxial creep
damage rate on SPC properties using uniaxial creep test suspended materials, and investigated a methods
for predicting creep damage rate. Regarding the influence of the lower die shape, we used in SPC rupture
time due to the difference in the lower die shape corresponds to the change in the average equivalent stress
in the steady creep region. Two evaluation indicators, ‘initial non-contact length’, ‘initial non-contact’
area| , were defined as correction indicators for SPC rupture time due to differences in the lower die shape.
Regarding the relationship between the change in SPC rupture time due to the difference in the lower die
shape and the correction index, the experimental values and analytical values were in good agreement.
This shows that it is possible to correct the SPC rupture time due to the difference in the lower die shape
by using the ‘initial non-contact length’ and ‘initial non-contact area’. In examining the prediction method
for creep damage rate, it was confirmed that the SPC rupture curve shifted to the lower LMP side as the
uniaxial creep was reflected in the SPC rupture characteristics. It was suggested that it is possible to
accurately predict the creep damage rate by organizing the SPC rupture curve based on long-term SPC test
data using the F/ 0 equation proposed by Europe

In Chapter 6, the result of this study were summarized.



	学位論文の要旨（和文）.pdf
	学位論文の要旨（英文）

