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Abstract

Charpy V-Notch test is commonly used to evaluate fracture toughness. However, since the region to be
evaluated is limited to bulk material due to the specimen size required, individual evaluation of micro-
structures on weldment is very difficult. In this study, ASP(Advanced Small Punch) test was carried out to
evaluate material degradation and fracture toughness on the B.M, W.M and each micro-structures of HAZ
for X20CrMoV121 and 2.25CrlMo steels with artificial aging time. In addition, to evaluate fracture
toughness and materia degradation of B.M and W.M of X20CrMoV121 steels with aging times, CVN
(Charpy V-notch) test was performed. And then the corrdation between ASP and CVN test on X20CrMoV121
steels was obtained. Furthermore, through this correlation, material degradation property of each micro-
region of the HAZ in weldment, which was impossible to be evaluated by the CVN test, can be estimated
and determined.

Key Words : Advanced Small Punch (ASP) Test, Conventiona Small Punch(CSP) Test, Materia Degradation,
Heat Affected Zone (HAZ), Ductile-Brittle Transition Temperature(DBTT)
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Table 1 Chemical compositions of used materials.(wt.%)
Materials (6} Si Mn P S Ni Cr Mo \Y Cu W
X20CrMoV121 0.19 0.19 0.48 | 0.011 | 0.003 0.66 10.40 0.86 0.26 - -
2.25Cr1Mo 0.12 0.23 0.48 | 0.016 | 0.001 - 2.29 0.94 - - -
Filler Metal of
X20CMoV121 0.18 0.25 0.50 0.6 11.50 1.0 0.30 0.50
Filler Metal of 2.25CrlMo | 0.15 0.80 1.20 0.03 0.03 2.50 1.20 0.35

Table 2 Mechanical properties of used materials

Materials Yield strength (MPa) Tensile strength (MPa) Elongation (%) Y/T ratio(%)
X20CrMoV121 572 798 19.4 72
2.25Cr1Mo 401 544 29 74

Table 3 Welding process specification for X20CrMoV121 and 2.25Cr1Mo steels.
(a) X20CrMoV121 steel

Filler Metal Polarity/Current Voltage Range Travel speed
Pass Proc. .
DIN class Dia. (mm) Type Amp. range (A) V) (cm/min)
1~3 GTAW SGCrMoWV12 $2.4 DCSP 130~150 11 8~15
4~34 SAW | UPS2CrMoWV12 ®4.0 DCRP 305~345 31~32 40~50
(b) 2.25Cr1Mo steel
Filler Metal Polarity /Current Voltage Range Travel speed
Pass Proc. .
AWS class Dia. (mm) Type Amp. range(A) W) (cm/min)
1 110~120 12~13 7~8
GTAW ER90S-B3 $2.4 DCSP
2~6 140~190 13~15 7~10
7~35 SAW F9P2-EB3-B3 $4.0 DCRP 320~350 30~31 28~33
Table 4 Strengthening heat treatment conditions(NT) / Preheat and PWHT conditions
Materials Nomalizing Tempering Preheat PWHT
X20CrMoV121 1050C, 15min, AC 760C, 90min, AC 120°C, 2hr 20min 750C, Shr 51min
2.25Cr1Mo 930C, 10min, AC 740C, 30min, AC Min. 160C 730~740C, 6hr
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Fig. 1 Macro etched photograph of multi-pass
weldment
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Fig. 3 Microstructures of X20CrMoV121 steel
weldment
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Fig. 4 Dimensions and machining plan of CVN
impact test specimen
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Fig. 5 Load-displacement curves for FGHAZ of
X20CrMoV121 steel weldment with aging
time by ASP test
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Fig. 7 ASP ductile-brittle transition curves for various
microstructures of virgin X20CrMoV121 and
2.25Cr1Mo steel weldment
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Fig. 8 CVN impact energy transition curves for
virgin B.M and W.M in X20CrMoV121 and
2.25Cr1Mo steel weldment
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Fig. 9 Comparison of DBTT curves obtained from
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