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Evaluation of Toughness and Creep Properties of Aged Main Valve CrMoV Casting Steel
by Using Small Punch Specimens

Takayuki SUGIMOTO, Kazunori DOKI, Shin-ichi KOMAZAKI and Toshihei MISAWA

Synopsis : It has been required to evaluate material deterioration of plant components with high accuracy, because more than seventy percent of power

plants in Japan have been operated for 100,000 h or more. The small punch (SP) test method can directly determine mechanical properties of
components with high accuracy because of a destructive test. Compared with the standard test method using large specimens, it can minimize
the damage caused by removing samples from a component because of use of a small specimen. In this study, both the ductile-brittle transi-
tion temperature (DBTT) and the creep properties of CrMoV casting steel, which had been used as a main valve in a power plant for
100,000 h, were estimated by using SP specimens. The conventional SP test results revealed that the SP-DBTT of the aged steel was higher
than that of the virgin steel. The actual DBTT determined by Charpy impact tests with V-notched specimens was in relatively good agree-
ment with the calculated one by the SP-DBTT. The results of SP creep test showed that the creep rupture strength of the aged steel was inferi-
or to that of the virgin steel. This degradation of creep properties seemed to be attributed to the microstructural changes and the formation of
cavities or micro cracks with the long-term operation. Good correlation was observed between the results of the SP creep test and the stan-
dard uniaxial creep test. Consequently, the SP testing method is expected to be an appropriate tool for evaluating material deterioration of

plant components in-service.

Key words : power plant; CrMoV casting steel; material deterioration; small punch testing; ductile-brittle transition temperature; creep property.
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Table 1. Chemical compositions of the steels tested
(mass%).

C Si Mn P S Cr Mo \Y

Aged 013 044 086 0.014 0015 132 1.20 022

Virgin  0.12 046 0.74 0.006 0012 133 094 019

Evaluated area

=2 : Steam flow

Fig. 1. Schematic illustration of main valve’s appearance
and the evaluated portion. Specimens were taken
from “evaluated area” shown in this figure.
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2. Schematic illustration of specimen holder for SP
test.
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Fig. 3. Schematic illustration of test device and specimen
holder for the SP creep test.
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Fig. 4. Microstructure observation of (a) aged and (b) vir-
gin sample by optical microscopy.
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Fig. 5. Load versus displacement curves obtained from SP
tests of the aged and the virgin steels.
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Fig. 6. Changes in SP fracture energy of virgin and aged
steels plotted as a function of testing temperature.
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Fig. 7. Comparison of ductile-brittle transition curves ob-
tained from SP and CVN tests of aged steel.

Table 2. Comparison of DBTTs evaluated from SP test
and Charpy impact test.
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Virgin 98 280 -
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Fig. 8. Typical SP creep curves. (a) Effects of test condi-
tions on SP creep curves of the virgin steels. (b)
Comparison of SP creep curves between the aged
and virgin steels.
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Fig. 9. Typical SP creep rate curves. (a) Effects of test
conditions on SP creep curves of the virgin steels.
(b) Comparison of SP creep curves between the
aged and virgin steels.
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Fig. 10. Results of SP creep test in the aged and virgin
steels.
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Fig. 12. Relationship between Larson—-Miller parameter
and stress. SP creep load was converted to stress
based on the following formula; ¢ (Stress/MPa)=
2.4XF(SP-C Load/N).
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