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Barkhausen NoiseE& o] &3 922 9= L7173
4 4I9T¥(HAZ)Y vl 9} 3] 3 7}

9492, 45%, #3342, XY, €S

g AALAT
WARAN §47 AT 150

P

LAz AH L7 $HEIER ARLDE F cycle AW (simulation) NEFHE AZste 7]A
A EQAYE, ot Z2AANYE 2 magnetic Barkhausen noise (BN) 38 £33g}t. 2 4944
B A2 (coercivity)& A WA &k oy, Barkhausen noise (BN) & @AE olg 2 4 9
Ak EHEYFY 7 H4Xel dig BN & vz 7AHEAHS] A9 oj=AAs E3 A
3E BYoy, mAzz AAEE FFHQA #AE 27 dsde U 9 RS 477 9s@
Aoz HYY, ol BN o W] uixE QA7 42N 02 vi BAFE AASE 77

gog 45U ‘

1.4 &

HAZ Ao BAEHQA &5 9dte] ¢Ast:= Barkhausen noise(BN)Z} A& o] Arel(A
(phase), 2A 49 A7), Y& E F)ol M} B3t AL o839 AR 54L& vgyyoz
F7rstel e A7 AL A (1] 8, 4AZA5E FAA ZAM 3] vz o] Wsa
NAREol 2 At zAAREE AP Boltd, o) HANHo Hrisjord Wa
Hol A dFH Jok (2], B3, SFAIPEE A el AR S4o] A Asieiy,
olg M T PYrlsed B ojdeol ATt (3] wWerH, B AFdME ALY LIS of
4oz EFFAERE N ARddd 4 cycle AH(simulation) N PRE A Fsied o Az2AHAL
71AR E4AY L BN BAE FRstgon, ojzRe Ane nAxz R 7|ANSAH BNe
AAE 1@z A=Al

2. 489y

£ A7) AL8¥ ARE @4 AE5HE ASTM A 508 Gr. 3 94224718 ALS vz
Boz RAY SR $HEAL E 1o Yeht Atk $4 GILRE AWy s,
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ol2o2RE EZE% ¥ cycle ¥ HuLX(peak temperature, Tp)EE 2 FZAIZE (dtaw s :
B00C A 500C Atolel WZAIZNE TAR FE 29 Zo] &9 dI ¥ (unit HAZ)E HASY =,
99 d3FF R AESE d9ES A4 AWt APRE FHEAnh APFHALTY A
2 AFANE S FPstA, B F AAAe R B YA Ar1H A2 & EAd] A8
o FFRYVIE 5 Hz o AEAE AN F o] HEFEI2 FE&HeY, BN & €42
do] =¥ AEZE band pass filterE AR&3lod 25-30 kHz AbolelA A&t & low noise
pre-amplifierg& A}83l9 56 dB 2 F&3 %t

3. 4924 ¢ n&

0}2 -4 H(multipass weld) 2 AT SYLIFLUe] AP AL 27 FYdge nHE 3
nero we vAzAR JAAEYl A WA HEE F cycle HF EHFE A (post
weld heat treatment, $EXe])E W FJFF9 oz 8754 8&§H(fusion line, FL)S.ZF
Bl 2AZ2 8 coarse-grained tempered martensite (CG HAZ), fine-grained tempered bainite
(FG HAZ) 2 overtempered bainite (IR and SR HAZ) ¢ £4< Holx 782 uetyc oo
wet e dGEL BA Hld 4 FES A4 & vEhid o, BAFd AdHd 44
A= 7| ZA D @3 Ee] g % Af(softening)@FS HAct A7HEY FHAA,
Zt g golA] 1A (coercivity) & I A WA P or}, Barkhausen noise (BN) & @A 3o
g B+ A}

a9 1 & SA508-3 el A4 §HFAAM ¢ 45 mm AEEHE HAZ 99 9z =2
AM(simulation) 274 & UEld Roeg £33 484 o228y BEAZLRE AFF Heolth AHAZ
S1-S7 ol #Z3te A 20 F 20 BAIE A 2o 28 1 9 HAZ &4 799 sFste
FEEu 7 Az ARe a9 2 o vEd gl AlE¥ME SI - S3 2 martensite 23 o] 4
M3te S4 - S7 & bainite &l F7/HEE & £ Avh olg 2L A4z FIMe Fol
tempered martensite ¢+ tempered bainite %32 2.2 W 3}3ich,

29 3 & &34 99379 AE =79 @A Charpy FZAAMUAIgt BN 9 #A35E el
Aoltk. HAZ FAZRE AW {YAduiet A4 BN o] AT xol& Hole AE ¢ +
Ak AY S Aoz T ot Tt How, 7H AHE A sy YweR
martensite ZA A= FdAE Fol BN o] A 32, bainite ZFNA= Fdxe Foll
BN o] Z/sldties AL & F Ut E£E martensite NHL Ao 2189 tempered
martensite £ o F WA BN 2 ®37t Z&4td bainite ZHAAE FIAH g ety
tempered bainite o2 H¥ u] 2 BN ¢ H3E 8t bainite YHAA as-received Al
He| A% FAANUAN F7E £F BN & 37 oy, FEAYR AHAME dtdoz
& 44U BN g 2o

F9xg o 93t Uyel Frhste RE 71 A (matrix)l e} BrslEo] ZuigtEy 7]1A7 A
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FHA7] W) Rez dHA ok v A7 A mxe 9IS @38 2794
o] 7kAl aglel V] wW&Ee] Uk oz Ly YEuh. BN & A7H 879y L5 os
o dojupn, Fo| =AM A7He] £ L FF AFAR EEH ol UAIY A7), A
ALE, AM2Fe B4 R A7|BES} 22 A8 vAzAH g9d o3td JF& Wtk BN
ZfEe] %o] v NAE (non-magnetic inclusion) © €&e] W E & o FAdc}

Rol @A Ak dRHoT AARY IV APYY A7 G W% A MY FAHos
ArEe] 5S¢ A & A gHA Ao ol MAE0] spike ATE FAHAA AFHE
A7) AR E ZaAF7) et [4]. AT 27)e Hel A% 50-100 nm FEQ Aoz
delxd Aot 29 49 2 uvbel Zo| martensite FAAA = gEE o A7]7l Z o™ bainite &
A M &3ge At A, =F g FAA Jsd @B AN FhEEe Ao
btk ©ebA  martensite A A FEAE o ostd BN o] ZAd AL FIH ] 93}
of A4Y A7 vl FE AVE I GEEo] ApHel £5& i g WE
Ao AZtEn) 3 martensite AHS A$ FAAT 25te] BN W3} A2 AL o
o2 martensite 239 B¢ & FFTYL ITFT U WEY R gzE dAe
AU EE 72 A)F] 9, proeutectoid ferrite ¢} cementite 9] WAIS M EE2 WETo A B3
S Aol & A Uk Ao sty BN o] F743 AL AU T o Hho) 9F 2
59 FFAFYPZ7L 7892 [5], bainite 9] lath ZAZ #5841 4& &89 F71 24 39
7] W& Reg BAY. 2 5 & 459 =719 BN 9 #AE e 2, bainite ¥
A= BN o] gJxe =)o wat F7b-8te A ¢+ Atk Y=o 3719 BN Alole] Aoa
Ae d8 AFASE o3t 23 A [6]. o)k INHoZ XL FBE AT U¥FolA
B ZA7e $E P9 A9 waAsr] W& Reg 4Z4E.

[

L

r

43¢

AN 8717 $ULIRRol UE AASH 532, & FHANA 24 (Coercivity)
& 3 Wekx ¢kor), Barkhausen noise (BN) £ A% 2ojE 2 £ Atk BN & 1A
243 AARS e WEe) g J=WE SHHo2 WA, Bad Nz BAS 27l
= g4 $Y7 Ak Aoz ¥R, 1 ok BN 9 sk 0 JRARI} Az
Moz ofg Hie BAES %7 MEo2 AZHU BN & 4799 £Foz 4A9sn, 3y
del 271, 4Egel 37, AzlolEA oA Sl Aol st Be P Lomz ols %
Zel wAzAT BN o ASe ARHoz wm BAar] faNE WEZ 279 w4z
54 qeld AR 7128¥o) Baw Aoz A

SREES
£ ATE H7RelA AdE A48 FA0Y ARZLAAANL HAle) JBow su8
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Table 1
Chemical composition of ASME SA 508 Cl. 3 steel studied
Elements C Si | Mn P S Ni Cr Mo
wt. % 0.19 0.08 1.35 0.006 0.002 0.82 017 0.51
Table 2
Thermal cycle simulation conditions for various HAZ positions
Typical N" pass Interpass (N+1)*® pass
Position*| HAZ | Heating | Holding Cooling temp. | Heating | Holding Cooling
Region rate temp.(°C), rate(°C/sec),| (°Q) rate te.mp,("cg, rate("C/sec),
(°C/sec) | time(sec) | ts/s(sec)** (°C/sec) | time(sec ts/5(sec)
S1 U CG 256 1350, 10 13, 23 200 256 1350, 10 13, 23
S2 SCR CG 256 1350, 10 13, 23 200 100 900, 10 12, 25
S3 IR CG 256 1350, 10 13, 23 200 56 700, 10 8, -
54 S5CR FG 100 900, 10 12, 25 200 100 900, 10 12, 25
S5 IR FG 100 900, 10 12, 25 200 56 700, 10 8, -
S6 IR 56 700, 10 8, - 200 56 700, 10 8, -
74 SR 45 650, 10 7, - 200 45 650, 10 7, -

* Refer to Fig. 1.

** U CG - unaltered coarse-grained, SCR CG - supercritically reheated coarse-gained, IR CG - intercritically
reheated coarse-grained, SCR FG - supercrically reheated fine-grained, IR FG - intercritically reheated
fine-grained, IR - intercritically reheated, SR - subcritically reheated.

*** ty5 ¢ cooling time between 800 °C and 500 °C.
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10 mm
——

(Isothermals)1500 1300 1100 900 700 (°C)

Fig. 1 Real weld HAZ and typical positions
indicating simulation conditions in unit HAZ

(e) M S6 (@) S7 (h) Base Metal

Fig. 2 Microstructures in various HAZ regjons observed through OM showing CG HAZs
ga), (b) and (c)), FG HAZs PS‘F) and (e)), IR HAZ (f) and SR HAZ (g).  All of the
AZs were sujected to PWHT.
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Simulated Specimen #

Fig. 3 The change of Toughness and BNE with simulation condition

Grain Size (um)

1350-1350 1350.000 1350700 900-900 900700 700.700 ¢50-850 BM

Simulation Condition Simulated Sample #

Fig. 4 Variation of mean carbide size with simulation

condition. ' Fig. 5 The change of grain size and BNE with
simulation condition
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