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Fig. 1 Hysteresis loop for magnetic material showing
discontinuities that produce BN (a) and typical
BN signal (b)

2. Alguy

21. 28 ¥ 8F=A

B Aol AHE-¥ Mg ASTM A 508 Gr. 3 €

27, W, $53

M

AT, go,

AR deggrlegon vael s EL Table
1% ok Mn-Mo-NiAl #A&37oln  tempered
bainite 71X 2%& zter) wepd, 2 g Es
matrix ¢ bainitic ferrite lathell &8} vidzz =
dol AR oleid A Ux2GHE L] Az
TR 3B EE AANA =HEd, dA FREQ
43271 Table 294 #t} NG-SAW(narrow-gap
submerged arc welding)°ol 28] 220mm °l4te] %
A& AESE 130pass ©)4 E(multiple pass)
E3stgen, 8HF EA4(post weld heat treat-
ment)7b A A= g1t}

Table 1 Chemical composition of ASTM A 508 Gr. 3
steel

Elements | C | Si [Mn| P | S | Ni { Cr | Mo

wt,% 0191008 |1.35]0.006{0.002) 0.82 | 0.17 | 0.51

Table 2 Welding condition for thick—-section of reactor
pressure vessel

Process| Wire | Ampere| Voltage| Travel |Preheat| Interpass | PWHT**
size speed | temp [temp. max| {C)/rs
(mm) (em/minimin (T} (T

SAW*| 40 j500-600 28-32 | 040 | 12 00 (65T

* Submerged Arc Welding
#% Post Weld Heat Treatment
22. el dger AEH™ H=E

AsEHe o8 thEEHE §HEYIFRE
A A7l @9 F9FF(unit HAZ)7F REEE
Aoz B £ olth @9 FJFF YA 2x¥

£ dMstd, tE 3R AN g ndzz]
EEE AHHoE 458 & AT AAzgYE
2179 £AHRE 9988ty Uiy 2EE Y
ul2} Fig. 29} Zo] fiEAR dF7HA wzd o
doz FEIIL, ABEADN SHdxdd 98 Z
G E cycle & AALE stH. ol
cycle o &lgte} &%, FAAN R WhERTL
AAER o, o5 dE7A 7 XY dgdEgR
AHx7e] Table 301 Ael=lo] AUk £H 4D cycle
2] AL Gleeble-1500 FX] & o] &8st
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Table 3 Thermal cycle simulation conditions for various HAZ positions

Tepical N” pass Inter- (N+D" pass
Position* HAZ Heating | Holding Cooling pass Heating | Holding Cooling
Region** | _rate temp.(C) | rate('C/sec), |  temp. rate temp.(C), | rate('C/sec),
(C/sec) | time(sec) | tws(sec)*** © (C/sec) | time(sec) | tas(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 SCR 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 -
S7 SR 45 650, 10 7, - 200 45 650, 10 7,0

*

Refer to Fig. 2.

U CG - unaltered coarse~grained, SCR CG - supercritically reheated coarse—grained, IR CG -
intercritically reheated coarse-grained, SCR FG - supercritically reheated fine-grained, IR FG -
intercritically reheated fine-grained, IR - intercritically reheated, SR - subcritically reheated.
cooling time between 800C and 500°C.

*x

e s
At BNE, U712 5Hzo AEws &

AAZL & olE HAYFTZIR FEeta, gx=mdol
F%2% AZE band pass filters AFE3te] 25-30
kHz A}ojollAl AMeld F low noise pre-amplifier
AHgstel 56dB 2 FEstAa. Agwe a7
1x2x10(mm)2 it ] #PE& =4
Fig. 35} o] Aalstsl o 338l&u
AR A ol gstd #BAHYLH, 7Ax
dH A Y A7), ME2E A7) So| 24
o] w4l

S 5 dE X O = 2= A A
(N+1)m pass o L S \ 7’“ 3-1 =8+ T Ak"’l -l }\] @ oﬂ
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=2
=
L=
T

Cv A RS

40kV/120 mA, 26 =113~119= %t}
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Fig. 2 Macrostructure of the actuall weld HAZ and A [

) ) . . ) X-Y Recorder
typical HAZ regions indicating simulation e Digimo:?{“oscop,
conditions Function

Generator GPIB
23 BN &%, 0|M=2 2 J[HE AlH

olelzlol Zulgl A|FPAL o]Fste] 7t =R Fig. 3 Block diagram of Barkhausen noise measure -
BN 4, vlAlzz 23, 7|AH 54 Alg Fol F ment system
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Table 4 Microstructural alteration in the unit HAZ regions

TB : tempered bainite

'FGB : fine grain bainite

FGTB : fine grain tempered bainite

M : martensite

TM : tempered martensite

CGM : coarse grain martensite

CGTM : coarse grain tempered martensite
C : carbides

CC : coarse carbides

Heat Affected Zone
Base 1st Thermal Cycle 2nd Thermal Cycle PWHT
Metal Tu(C) | Microstructure| Subzone Id. | T(C) | Microstructure | Subzone Id. (Final)
1350 CGM UCGHAZ CGTM
1350 CGM CGHAZ 900 (M)+B SCRCGHAZ (TM)+TB
700 (M)+B+F IRCGHAZ (TM)+TB+F
TB 900 FGB SCRFGHAZ FGTB
900 FGB SCFGHAZ
700 FGTB+(B+F) { IRFGHAZ | FGTB+(TB+F)
700 TB+(F+B) ICHAZ 700 TB+(F+B)+C IRHAZ TB+(F)+CC
650 TB+C SHAZ 650 TB+CC SRHAZ TB+CC
F . ferrite CGHAZ : coarse grained HAZ
B ! bainite UCGHAZ : unaltered coarse grained HAZ

SCRCGHAZ : supercritically reheated CGHAZ
IRCGHAZ : intercritically reheated CGHAZ
SCRFGHAZ : supercritically reheated FGHAZ
IRFGHAZ : intercritically reheated FGHAZ
IRHAZ : intercritically rehealted HAZ
SRHAZ : subcritically reheated HAZ
SCFGHAZ : supercritical FGHAZ

ICHAZ : intercritical HAZ

SHAZ : subcritical HAZ

(b) S2

RV ERTEATTRL -
% 3 X £
v Xf

(f) S6

Fig. 4 Microstructures in various HAZ regions observed through OM showing CG HAZs ((a), (b) and (c)),

(g) 87 (h) Base Metal

HAZs ((d) and (e)), IR HAZ (f) and SR HAZ (g) All of the HAZs were subjected to PWHT
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3. dEay

Haede AEY vaQdeRUe A¥ 99
e 47 2 oA Anend ok

AA tempered bainite7} TF oW EAZ HF
Hoz &£48FAH(fusion line, FL)ILZHE EajZ
© & coarse-grained tempered martensite (S1, S2,
S3 A4@#), fine-grained tempered bainite (54, S5
Al"EH) 2 overtempered bainite (S6, S7 Al¥#H)
o] EA4& Hol= AL YelWrh ZAet dEvt
Z jEAde Agsi= FEdv)d v HxzA ARz
o] Fig. 4°l utetl glth S1, 52 3 83 Al ¥ {%
tempered martensite & e] EAE Ho|s
S4%¥ S771R)E tempered bainite Z# o] F& o
228 B £ otk o7]A S49F S5 4 cycle ©1E
o2 B u HAhE tempered bainiteZ w M =
28 wolAvl S69t 572 mA 9 FAIE mAFZ
Rol=d|, ol 4 cycle ooz H u Hels}
Adojr] &1 BaA 9 tempered bainite®] &7} <
cyclett 7tz Adejolnt. &, olE xIL E
SHFLH(PWHDE &2 2ot

olz1dt MM zAES EFde LEHEIITEE,
7 Az MZ g 7AH 54de JeERith o
A(toughness)®] A4, Fig. 54 & 4 ARl &
3 dAg AFo] 2 FHo WIE Hed, 59
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= 2] <3k o]M 3| Eo] Falo] vElyiT} o] Zb
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Fig. 5 Notch toughness variations in various HAZ

regions (S1~S7) and base metal

after PWHT
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Fig. 6 Tensile strength variations in various HAZ

regions (S1~S7) and base metal

after PWHT
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Hardness (Hv)
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Specimen
Fig. 7 Hardness variations in various HAZ regions
(S1~87) and base metal
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Fig. 8 Thin foil ((@) and (b)) and extraction replica ((c) and (d)) TEM microstructures of base metal ((a) and (c))
and reheated HAZ region ((b) and (d)) showing carbides coarsened by repeated thermai cycle effects at
around A; temperature

au, vlazge gdoid 4&E3 4 ARYS
R after PWRT (2222 = S Fa% Az Fedch webd, 2 A9
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I 274 24YEE 34 A%, Fig 109 2ol
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> g ol FAYzUS 94%L dehlE SI, S2,
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700CE zdgld 24d& 2z &
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= F9 4 cycle2 900CAHA Btonz AA Yol
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Fig. 9 Particle size variations in various HAZ regions
(81~87) and base metal
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10 Grain size variations in various HAZ regions
(S1~S7)
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12 Barkhausen noise amplitude(BNA) variations
in various HAZ regions (S1~87) and base
metal
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59 Aok 4, 4ol Wt 9% BN 54
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Fig. 13 Comparison of Barkhausen noise amplitude
(BNA) between before and after postweld
heat treatment
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Fig. 14 Comparison of Barkhausen noise amplitude
(BNA) between tempered martensite and
tempered bainite microstructure
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Fig. 15 Trends of Barkhausen noise amplitude(BNA)
with reference to particle size
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Fig. 16 Trends of Barkhausen noise amplitude(BNA)
with reference to grain size
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Fig. 17 Trends of Barkhausen noise amplitude(BNA)
with reference to notch toughness
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Fig. 18 Trends of Barkhausen noise amplitude(BNA)
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Fig. 19 Trends of Barkhausen noise amplitude(BNA)
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Fig. 20 Trends of Barkhausen noise amplitude(BNA)
with reference to residual stress
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Effects of Microstructural States on Magnetic Barkhausen
Noise Behavior in the Weld Heat-Affected Zone of
Reactor Pressure Vessel Steel

Joo-Hag Kim®, Eui-Pak Yoon™, Jong-Gul Moon", Duck-Gun Park’ and Jun-Hwa Hong’
% Nuclear Materials Technology Development Team, .
Korea Atomic Energy Research Institute, Taejon 305-600
** Department of Metallurgical Engineering, Hanyang University, Seoul 133-791

Abstract Recent study has demonstrated that some magnetic properties are sensitive to the
microstructural state of material. The ASTM A 508 Gr. 3 reactor pressure vessel steel has various
microstructural changes including martensitic and bainitic phases, and various sizes of grain and precipitates
in the weld heat-affected zone (HAZ). To correlate the microstructural state with Barkhausen noise (BN),
specimens were prepared through simulating various weld thermal cycles using a thermal simulator. The
conventional magnetic properties, i.e. coercive force, remanence and maximum induction, did not change
significantly, whereas the BN amplitude and energy during a magnetization cycle changed markedly with
microstructural state. The BN increased with increasing grain and carbide sizes, and the tempered bainite

structure showed higher BN parameter than tempered martensite.
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