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Phase Fraction Control of the Welded Component for PWHT
Replacement Nuclear Reactor Cooling System Preventive
Maintenance with Wire Arc Additive Manufacturing
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Q o o] AFE AT HHA YA AE(Reactor Coolant System, RCS) L2322 A H#E(Primary Water
Stress Corrosion Cracking, PWSCO th-83t7] 8l €48 a3E Fx3t dHgu] gojo] ot HEF: Az
(Wire-Arc Additive Manufacturing, WAAM)E &85}, &85 AA 2] (Post Weld Heat Treatment, PWHT)E
iAokl Ht2EHIACIE g JAIE FE6H] Yol SF=U olE Adl & 35 A5 &40l FP=UeH, BHEA
o7 &3 A3 A= dITFHY vAlTx7} FEAH(Optical Microscopy, OM), FAPEAAT] (Scanning
Electron Microscope, SEM) @ AA}ZHPAIEFS]H (Electron Back-scatter Diffraction, EBSD)S 3l A&a}lE 3]
o 2BH o7 1% A HAZOIA 67.4 % tlEEAo|ER TAHEQH ARgo|, 35 A3 HAZIAE 26.8 %= FA
5] Aare E4Y At LA nERARIE £89 AdE 15 AF HAZ Ak 395.8Hv7t 35 A3 HAZ
A% 320.9HvE A3tE=T] A HAUZCE WA olddt 235 B CE WAAM 34E 53 817 4

&S Alolstal Aol Waks WA 4 39, ol PWHTE HAE + A= 7€z 152 & A+

Abstract This study was conducted to address PWSCC in the RCS of a nuclear power plant. WAAM was
applied to induce a heat treatment effect and achieve suppression of martensite formation and replace
PWHT. To replace the PWHT, three layers of additive welding were performed, and the HAZ that
developed during each welding pass was quantified using OM, SEM, and EBSD. As a result, the heat
treatment effect significantly reduced the martensite fraction from 67.4% in the first-layer HAZ to 26.8%
in the third-layer HAZ. The reduction in martensite fraction was identified as the dominant mechanism
for the decrease in hardness from 395.8 Hv in the first-layer HAZ to 320.9 Hv in the third-layer HAZ.
Based on these results, it can be considered that controlling the martensite fraction and inducing

hardness changes in the weld zone through WAAM processes can replace PWHT.

Keywords : EBSD, HAZ, Low Alloy Steel, Nuclear Power Plant, Wire Arc Additive Manufacturing

E a7E a4 At aRaaA Eee] Al F9E Sa7 SN EAge] @ 279, @AME : 2020003060004)
*Corresponding Author : Jungsoo Park(Chosun Univ.)

email: j.park@chosun.ac.kr

Received July 27, 2023 Revised August 31, 2023

Accepted September 1, 2023 Published September 30, 2023

762



PWHT oA &A=2 JA4AE A8PuE A golof o3 A3 AZE

1. M2
A Wi A B HE ovA] 85 5

A & Qs AlEd AL AR ol|A] 3HYE F
Sholtt. 20229 71, AAAIR R 440719 A=}
7k ol 56719 YA=7E A Foll AEHILL EAHE
Wao] st 2-259] 710l meh @Ak Al
AT} A=Al bRt 247 B Sa8iAL ot

A WL AEATI0] FThEEA e 2
AN =FB2 Q) FEE ol BARH, 1

%= 7P g3 A7} PWSCCelth. PWSCCE= A

=7 A2 ZA e Alloy 600 A2 &AL A&t

olFFE AT T AR, FRSH, 24

o bl
89, AR 59 o] 97t BP0 28T 1) Yol
weh2-41. OPRI000T 22 77528 Aol

ARz F, 71947], YAAS 5ol PWSCCTH B8
o4& 8357 v SARITHAL Fig. 1
o] OPR10002] 7hQ9t ¥ZAB EAeh= olF<%
SHRE zAgelo] Yehfiglch

Sk A&~ T
gk 4= Q& o]

Pressurizer—

Steam
|/ Generator
— N ]

RCS nozzle

Nozzle
Alloy 690 |

Outside of RCS

RCS pipe
SA508 Gr.3 ClL.1

Nozzle welds
Alloy 600 PWSCC

loy-600-weld

Inside of RCS

Fig. 1. Schematic design of PWR and RCS nozzle

Fig. 107 LfeRd vie} o], Alloy 690 #14] RCS
FE w22 A7} SA508 Gr.3 Cl.1 Ao el =t
o]zo] Alloy 600 A9 SHAR olFF<4 S-dh

o] &AFoIME FdgetE I8l WAsk= PWSCC=

763

Q1% RCS HZ4A 9] +47 WS 4= it

o|2Jgt PWSCCE “ll®st7] sixle= 712 &5
Alloy 600 AL 84AE, Cr FFS F 15 % Z7HA
A PWSCCell tigt A g/do] =2 Alloy 690 ALFS] &
AA(Alloy 52M)Z wASH= B o] ARSEI YUtk
[2-8]. YA= Hulol= 84 340 YFHoR ALEE
=, &3 ZIAollA B HAZZL B o= g4
o} €3 F3oA F4EE HAZAAE mlEAlelE
o] mAlAtR AR ISt HAol F7tste] =H Q143
o] AstEl= @4o] FQ olgroltt. YAEE Aok
P79 AT FEECIAE Tt A= Aol =

J

= A=t o] SAl 87H7] whize], YRR FE
o 4" HAZ= v=HIAo] E9] Hlo|uto] ESL vlA|+

E

N

ANE 93t ASME Sec.]ll NX-46205 &83t
PWHT 37go] "420ox 28w oo 3H}3,4,9,101.
SEA|TE, AR Adu] 2} 3hge] EEjd 1 94 &
AR Qls] PWHT $=30] ol 17to] Q7] Wi,
ASME codecase N-638°] <Js] HHH|= SHH(Z,
olojojota A EAZ: WAAM)S #8351 PWHTE o
A 5= AA FHolUeH2,3]. FHuE 4L 84 H=
£ SHEA dHE 83435l CGHAZ (Coarse Grain
HAZ), FGHAZ(Fine Grain HAZ)Z 4354 442
Bilo] 9J3t HAZ9| ofg8H E4Z wAstE e 58S
2= 84 7I'olrH11,121.

o] AT AL, PWSCC g7gulolA] WAAM 578
of gt 84 J8% u PWHTE A 5= A&
dAZ Ay H#{A 1R B3], o] e
WAAM 332 3o HAZOA FA4=E= HlZEAo|E
FHHE AAIstY Al HAE ket JAexY
gtk ol5 B8 WAAM 338 53] PWHTE diAE
T e 9AY THA A ESe) THE = 2 1
oA a7t Qe ARRE FEAE 4 e HAYS
S AAH R FsTh

B
T

2 o]

=0

i ==1

2. Mauy
2.1 MEM= & 8ESE
E dos A AEY BA ASME SA508

Gr.3 Cl.13} Alloy 690 AES] 83821 Alloy 52Me]
AREE QIS 2A9F 84 BFetRdH]= Table 1]
Uehfilew, 71AA /ol tigk Y-8 Table 200 1+
125 Pel=n



&3 =A A24d A9Z, 2023

Table 1. Chemical compositions of base materials A AAg=lojof 5, JBHF2 1~3F2 45 kJ/inch ©]
B EX o}k G oldlst = AES T glx3st &
Material SA508 Gr.3 CL1 Alloy 52M ot= 0_1@?1 b ojefet 2452 2F Ltﬁ & T
C 0.18 0.04 Max A 15 A5 A Y8H2 20 KJ/inch, 253% 35
Mn 132 10 Max % 884 JUFS 22.4 K/inch, 43~14% 1% &
= lanee T e A QFeE 20 KJ/inch SR £, o] 73
. . ax _ _
S 0.015 Max o|A] ASME codecase N-648-4°f wat 1~3%9] &7t
Si 0.19 0.50 Max 228 66 T, 45~14F9Y 37 2%+ 180 T=E Agt
Cu 0.1 0.30 Max E](})iq_
Ni - Balance
i 0.002 1.0 Max Table 3. Welding parameters
Cr 0.12 28~31.5
Mo 0.45 0.50 Max Welding process Gas tungsten arc welding
Al 0.021 1.10 Max
Welding current 180 A (layer 1, 4~14),
7r 0.02 Max g 200 A (layer 2, 3)
B 0.0002 0.005 Max Welding voltage 105 V
Nb 0.0004 0.5~1.0
Others V 0.0001 Ca 0.0004 0.5 Max Welding speed 114.3 mm/min

Table 2. Mechanical properties of base materials

Interpass 66 T (layer 1~3),
temperature 180 C (layer 4~14)
Heat input 20.2 kJ/in. (layer 1, 4~14),

22.4 kJ/in. (layer 2, 3)

Material Yield Strength Tensile Strength | Elongation
(MPa) (MPa) %)
SA508
Gr3 CL1 345 550 (Max.725) 18
Alloy 52M - 552 30
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