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Abstract

This rescarch was aimed to evaluate the material degradation with various microstructures of X20CrMoVI21 steel
weldment by Advanced Small Punch(ASP) test. Due to the regional limitation on constitutive structures, the minimized
loading ball( ¢ 1.5mm) and bore diameter of lower die( ¢3mm) were designed for the ASP test. The micro-hardness
test was also performed to assess the mechanical properties with artificial aging heat treatment. Material degradation
was estimated by ductile-brittle transition temperature(DBTT). The results obtained from the ASP test were compared
with those from conventional small punch(CSP) test and CVN impact test for several weldment microstructures. It was
found that the ASP test clearly showed the microstructural dependance on the material degradation in the weldment.
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Table 1 Chemical composition of X20CrMoV121 steel (wt%)
G Si Mn P S Ni Cr Mo Vv He
019 0.19 0.48 0.011 0.003 0.66 10.40 0.86 0.26 bal.

Table 2 Mechanical properties of X20CrMoV121 steel

Yield strength (MPa)

Tensile strength (MPa)

Elongation (%)

Y/T ratio (%)

a72

798

19.4

72

Table 3 Welding process specification for X20CrMoV121 steel

Filler Metal Polarity / Current Voltage Travel speed
Process (pass) - ;
DIN class Diameter Type Amp. range Range (V) (em/min)
GTAW (1~3) SGCrMoWV12 $2.4 DCSP 130_‘—150 11 8~15
SAW (4~34) UPS2CrMoWV12 @2.4 DCSP 305~345 31~32 40~50
2L HAZNY+= £84(fusion line : F.L)2®4H Table 4 Strengthening treatment, preheat and PWHT

Aelel w2l AgE g 7|AIH 5o Aeldtn
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condition for X20CrMoV121 steel

Normalizing 1050, 15min, AC

| Tempering 760C, 90min, AC
Preheat 120T, 2hr 20min

PWHT 750, 5hr 51min

Table 5 Accelerated aging time

Simulation time Aging time
in-service at 5667T at 660T
100,000 hrs 2.000 hrs
300,000 hrs 6.000 hrs
7 539},
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27185k BeF gsiduiAle] 2As] A
om? Table 5ol ®o A Azt S8t e
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Fig. 2 Microstructures of virgin weldment
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Fig. 3 The schematic diagram of SP test jig

Table 6 Dimensional comparison for CSP and ASP
test jig (unit : mm)

Item CSP ASP
Puncher diameter, d; 24 1.5
Steel ball diameter 24 1.5
DGH diameter, d» 4.0 3.0
Specimen thickness, t 0.5 05
Curvature radius, R 0.2 0.2
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