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A Study on Advanced Small Punch Test for Evaluation of Fracture Strength in Heat
Resisting Steel Weldment
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*Dept. of Precision Mechanical Eng., Chonbuk National University, Chonju 561-756, Korea
**Division of Mechanical Aero System Eng., Chonbuk National University, Chonju 561-756, Korea

Abstract

In order to evaluate the proper fracture strength of microstructures in a steel weldment,

smaller size loading ball

than used for a conventional small punch(CSP) testing is required due to regional limitation on constitutive structures.
In this study, the minimized loading ball(¢ 1.5mm) and bore diameter of lower die(o3mm) were designed for an
advanced small punch(ASP) test. The results obtained from the ASP test were compared with those from a CSP
testing for a X20CrMoVI121 steel weldment. It was found that the ASP ftest clearly showed the microstructural
dependance on fracture strength and ductile-brittle transition behavior of the weldment. In the ASP test, especially, the
cracks tend to initiate for various directions within hemispherical indentation region of an objective structure in SP
test. This indicates that the evaluation of more proper fracture strength for F.L+CGHAZ, FGHAZ and ICHAZ can be

performed by means of the ASP test in a steel weldment.

(Received September 17, 2002)
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49< Fig. 1o Jehlidth. 971 Fig. 1(a)9
o8 BAE B9 F.L+CGHAZ, FGHAZ, ICHAZ
ZA0 Qg AFHEC] AFAAJ}. FHAAEE §

(a)

®)

Fig. 1 Macroetched photographs of X20CrMoV121
steel weldment

Table 1 Chemical composition of X20CrMoV121 steel (wt%)

Table 2 Mechanical properties of X20CrMoV121 steel

Table 3 Welding process specification for X20CrMoV121 steel

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
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Fig. 2 Microhardness distributions obtained from

the cross section of the weldment

KREIEHEPETE 204 H6%, 20024 12A

TE A7AREV $EH] glen] oo Fit.
CSP % ASP Al8A|1e] tigt 38 AlYE Table 4
o W, FE3HUct. 9714 DGH (deformation
guide hole)& SP AlPAL stFtiele] FLFe 7}
T8 ¥YRETHES oujdit

Table 4 Dimentional comparison for CSP and ASP
test jig (Unit : mm)

- - Item C8P ASP
Punch bar diameter 2.4 1.5
Steel ball diameter 2.4 1.5

DGH diameter 4.0 3.0
Specimen thickness 0.5 0.3, 0.5

PNEEEI-nE )
3.1 SP AlEHEe| S|4

ASP Al@AA|oA sHRtiele] DGH &7 wet
AdHo| WAL E SHETE dolHry] Jsle] AHg
MARC S/WE ©]&8 ¥-44 F3848]4 o] 35

SP Ald#He] S o] &3l AlFH B 1/2
e 2dysU T axisymmetric ZA3INA A 0]
AP =2 ¥} 4-node quadrilateral 8471 &
|H A AFEHS FA wet Rage 578~9287H,
AR 678~10210 Aok Fapdret AldHE A
Aske A - sTele ZAR, AlgHS HIAR
Aol HEHTE 3. ol HEFNA FFuiE
Aee 0.322 ¥, Fig. 39 #3884 #and
< YERAT.

Fig. 4% SP Al@%A]94 DGH #7 W& Ag

(1.5

Lower die . .
Upper die

Y ’ R 0.2mm

v
-
Specimen
Y
Steel ball

Fig. 3 Finite element model for SP test
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Displacement, §(mm)
Fig. b A comparison of load-displacement curve

according to specimen thickness at RT
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oz oA dojzl d5-He FHozNE A
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Hste F83 Sl

ZZo] XUg FGHAZ ZF°] 7 & Ewptts E2I
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Fig. 6 A comparison of ESP from various micro-
structures at room temp. in SP test
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Fig. 7 The load-displacement curves obtained from
F.L+CGHAZ at various temp. in ASP test
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% Fig. 99 EA819 T RE LE2HNN 3G A
HH S B (4R F PN thh HolRl F9olA
AAl, A= R glon, ol fIaidMos dojzl
Ad-sel WAAAAF dXgt -196Te A2
= 7ol A3 gYRelM AdREel AY glon A
Y ade] v R IniE Hulske FHA
A%S Holm Sth zEp AJEEY] Flel wet
BE IR e AW FUket 3 v
ol 4oz Ax ddEE= A44 AAAF
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AW ouile} oRztel HEo] ZAld FE ol 3
om, -196CAME AFHA FHPTEA G o=
wy ouly] 9 A EAFYS Vel ot
ol Fao CSP AlgolA et BT 2% HHoq &
-4 Aolzb EAEE oviske Zelgk & ¢ Uk
oldel Sp AEAFAERE AL 7 vz gig
DBTT%S Table 501 ¥z, &3t SP AE<
53 #HrlsEle DBTTE A5 g #xHd §
Ao 2A CVN FHAIRANA Qo FATT (fracture
appearance transition temp.)9] 3ol AHH
2 9P % SP AFHeA 25 F.L+CGHAZS
DBTT#°] B.MEL mgZo] 9X|sta gieh. ASP
Aol M e A2oM 58 FAZEE 2 FGHAZ
z7e] DBTT 7ol -147C2A 713 Q4] $58

Macro Micro

-196<T

~-160TC

—80T

Fig. 9 SEM fractographs of F.L+CGHAZ in weldment
tested by ASP
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Table 5 A comparison of DBTT with various micro-
structures in ASP & CSP test

B.M -128
CSP
F.L+CGHAZ -115
B.M -142 0
F.L+CGHAZ -130 +12
ASP FGHAZ -147 -5
ICHAZ -132 +10
W.M -133 +9

< ¢ 4 9ot a8y HAZ 248 £ 208 239
2] FL+CGHAZS £83nzz9 FHopgoz Qs
o A2 Y& Eepdts HQA WM, dskEe] &4
3= ICHAZ %3& B.METY %2 DBRIT &2 29
AAQ QA9 ARE 48 5 ok uAzFAE &
Hollal & o), WM Afolles E8H Al A - 33
Aol S23F A RN = (tempering) EHE =
BA nAgs Q% 23 E7d, ICHAZS ASle
vl2elilo| Eel FRAQ 9 AHUo|ES REZA HE|
o} FGHAZSe] ZARANe 22 34 B9 B34
2 A% ZHE Asdd. oY A@EAE weld
toe F2olA o|xdld AL, widE® HAZ =ZFE
el 33 HojAF g9 XolE By ASP AlE7H
o] 4L 2 Uiz ik o7)A vagte] 3E
2 7zt @9 B.M# tiy])& ADBTT#E°IT.

34 FI+CGHAZ =Zl2o| utche{x|

% 54709 F.L+CGHAZ AN@HE gidez 44
SP Al % ¢xd] wE Fdu]&E Table 60 5
ARt o7l AlEHe FEAX (I E Yehlle
D~®9 WIEL Fig. 11 #o] #F7sth ASP
Agode @, O Wgo=z F.LY 9388 CGHAZ

Table 6 Fracture ratio according to failure location
in ASP and CSP test specimen (%)

@ 13.3 14.3 13.8
@ 33.3 42.9 37.9
® 33.3 7.1 20.7
O] 13.3 10.7 12.1
® 6.6 25.0 15.5
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