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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 2.25Cr1Mo steels with artificial aging time. In addition, to evaluate fracture
toughness and material degradation of B.M and W.M of X20CrMoV121 steels with aging times, CVN
(Charpy V-notch) test was performed. And then the correlation 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, Conventional Small Punch(CSP) Test, Material Degradation,
Heat Affected Zone (HAZ), Ductile-Brittle Transition Temperature(DBTT)
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Table 1 Chemical compositions of used materials.{(wt.%)

Materials C Si | Mn | P s | Ni | o | Mo | V [ Ccu | W
X20CrMoV121 0.19 | 0.19 | 048 | 0.011 | 0.003 | 0.66 | 1040 | 0.86 | 0.26 | - -
2.25Cr1Mo 0.12 | 023 | 048 |0.016 | 0001 | - | 229 | 094 | - - -
Filler Metal of
0121 0.18 | 0.25 | 0.50 0.6 | 1150 | 1.0 | 0.30 0.50
Filler Metal of 2.25CrIMo | 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

b b Filler Metal Polarity/Current Voltage Range | Travel spe.e.d

ass roc. ;

- 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 Rénge Travel speed
ass ocC. )
AWS class Dia. (mm) Type Amp. range(A) (V) (cm/mm)
1 110~120 12~13 7T~8
GTAW ER90S-B3 $2.4 DCSP
2~6 140~190 13~15 7~10
7~35 SAW FOP2-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 760TC, 90min, AC 1207C, 2hr 20min 750°C, 5hr 51min
2.25Cr1Mo 9307C, 10min, AC 740°C, 30min, AC Min. 160T 730~7407C, ohr
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(a) X20CrMoV121 steel

10 mm

(b) 2.25Cr1Mo steel

Fig. 1 Macro etched photograph of multi-pass
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. 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
CVN and ASP test for B.M and W.M in
X20CrMoV121 steel weldment

300 :
O X20CrMoVi21 : BM
@ X20CrMovi21: WM i
| | O 2.25Cr—1Mo:BM e eenamnemtanesnadessvrnsncssensensesveveererancns
275 @ 2.25Cr—1Mo : WM ;
. @
Q250 froemeseenere e o R
K 4o :
I s
0 O
A : O i
L T
175
so b e
50 100 150 200
DBTT ,. (K)

Fig. 10 Comparison of DBTT(Absolute Temperature)
obtained from CVN and ASP test for B.M
and W.M in X20CrMoV121 and 2.25Cr1Mo

O
< 29
=

< ¥met] HH ZZF JF8AQ] #AV} s
& 4 glo], F AF Alojo] 4 FBAES =5
T Uss 2‘3}?‘% T AU

Fig. 118 94222 Fig. 1004 &R15 X20CrMoV121
729l ASPS} CYNAIE] ik v E ARe B@LTHS
7= ste] FE$t Ayelr), agoA He vlet

2ol = dAjold] AFHA WA 9eE BAY 5

Journal of KWJS, Vol. 26, No. 3, June, 2008



X20CrMoV1217¢3% 2.25CriMo7d &35 ASP A183 CVN 33 A3 AadAd g a7 43

100

CUN y = 0.45882x + H8.282

DBTT_ (K)/(Ceq x a)

X20CrMoV121

40 45 50 5o 60
DBTT,_ (K)/ Ceq(ASME)

Fig. 11 The Equation of DBTT(absolute temperature)
obtained from CVN and ASP test for B.M
and W.M in X20CrMoV121

ATt olH T
T AU,

BAZRY ted Ze BANE 9L

DBTT,yy (K)=0.459 - DBTT,¢p (K) "
+58.252 - (Ceq - ) 2)

A7|1H, @& BF Ceqe IWECE gy AHE
Ceq=C+Mn/6+(Cr+Mo+V)/5+ (Ni+Cu)/15<
ol g3t er, vlEdT av & F&H EAA]Y
gAagEe 28T a=Ceqwm/CeanmE FET
X20CrMoV1217% 8459 2t 23] tigk DBTTagp
(Al &%) A2 ddTe=2H, CVN A9
DBTT(TC)E #53F 237} Table 6o Eo 2t}
FolX B vkt Zo] 6000hrsolA DBTTV} 7H&
o} ?_:]_H]-Z—'I___E Hoglojx|= Aalel 72eg <o £~ Q)
. AP BN g H}S W, wWMH tEo
CGHAZAIA 7H A et o] 229 miiQl/de] 7t
4 Edds ¢ g ok webA, dAdu) 2y g
T8 X20CrMoV1217} &3%9 HAdS FH3
AN 83553 CGHAZ 240 digh B} &
g {7t 2 fA AR FAA] Holof 32 & it
FF, B} bkt Als 2 A 2dE 3 AE
Z23E ¥& B drid, B AT A G uie} 2
o] ASP A@d# AHAAE o] &3 &HE FHZA 9
Table 6 DBTTcyxy of various microstructures of

X20CrMoV121 steel weldment by correla-
tion equation

- L+

B.M F

B oG GHAZ | ICHAZ | W.M
VIRGIN -67.0 -39.2 -41.4 | -46.9 | -204

2000HRS | -69.0 -34.9 -52.6 | -39.1 | -20.4
6000HRS | -55.4 -30.4 -41.7 | -38.6 | -10.0

RERINHE - BB 2E% 552648 F39%, 20084 6H

B e

=i

K-+ &stelst Zit et

4, & =
B AT Qoid AAEZ Hejsid vt £t
1) X20CrMoV1217+# 2.25Cr1Mo7+E tidez
ASPAIE3I CVNAES B3l doizl d/4d-F/d%o] &
TE vlw3t Ay AvkEoez W.Me DBTT/F B.M
Hrl 312 2o &AEls AZ I 5 on,
X20CrMoV121732el A% F AlgAlelds AEZ<I
A sl A F 3 B}

2) X20CrMoV12173e] 7 &Aagds2 vj/fiss
ASP Al83 CVNAIES DBTTAMelel A3 A
AAE F& F Ao o|ZFHH 7]E CVN A9

e 7] 233 83 35 239 DBTTews F
g 4 AU

3) ASP Ald3 CVN Alg@Ate]e] #A A ofa +
AR HolgzRy, 28 229 6000hrsoi DBTT
7} P Egkon, 2AER B4 g Hks W, WM
7} B8] F.LL.+CGHAZAAN 7V =A e 379l
ol 71 Eeste & g AT

£ 7
o] wBe ARt 29 @5 A9 AFH o8t
o ATEHAE
3123

1. S. H. Song, R. G. Faulkner, P. E. J. Flewitt, R. F.
Smith, P. Marmy : Temper Embrittlement of a
CrMo Low-alloy Steel Evaluated by menas of Small
Punch Testing, Materials Science and Engineering,
A281(2000), 75-81

2. B. J. Shaw : A Study of Carbides in Low Alloy
Cr-Mo Steels, Research on Cr-Mo Steels, ASME,
MPC-21(1984), 117-128

3. S. H. Chung, H. Takahashi and M. Suzuki
Microstructural Gradient in HAZ and its Influence
upon Toe HAZ Fracture Toughness, Welding in the
World(1978), 248

4. Dong Hwan Lee : Evaluation of Fracture Strength
and Material Degradation for Weldment of High
Temperature Service Steel Using Advanced Small
Punch, KSME International Journal, 18-9(2004)
1604-1613

5. H. S. Yu, B. G. Ahn, D. Y. Lyu and S. H. Chung :
A Study on Fracture Toughness of Welded Joint
Orientation in TMCP steel by SP Test, Journal of
KWS. 16-6(1998), 35-43(in Korean)

6. D. Y. Lyu, S. H. Chung, J. K. Lim, H. D. Jung, K.

207



44

olF&-2FA

Tamakawa and H. Takahashi A  Study on
Fracture Strength Evaluation of Steel Welded Joint
by Small Punch Test (I), Journal of KWS. 7-3
(1989), 28-35 (in Korean)

J. Kameda, X. Mao : Small-punch and TEM-disc
testing techniques and their application to
characterization of radiation damage, Journal of

Materials Science, 27(1995), 983-989

. A. Shekhter, A.B.L. Croker : Towards the correlation

of fracture toughness in an ex-service power
generating motor, International Journal Pressure
Vessels and Piping, 77(1999). 113-116

258

9.

10. B. Tanguy,

11.

R. Moskovic, P.E.J. Flewitt : An overview of the
principles of modeling Charpy impact energy data
using statistical analyses, Metallurgical and Materials
Transaction A, 28A(1997), 2609-2623

. Ductile to brittle transition of an
AB08 steel characterized by Charpy impact test,
Engineering Fracture Mechanics, 72(2005), 49-72
D. H. Lee, S. I. Lee, I. H. Kwon, S. S. Baek and
H. S. Yu, : Fracture Strength Evaluation of Heat
Resistant Steel Weldment by Advanced Small
Punch Test. Proc. KWS Welding Strength Research
Workshop(2002), 76-83 (in Korean)

Journal of KWJS, Vol. 26, No. 3, June, 2008



