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Generation I, 1L, 111, IV

Generation |

Big Rock Point, GE BWR

Early
prototypes

Calder Hall (GCR)

Douglas Point
(PHWR/CANDU)

Dresden-1 (BWR)
Fermi-1 (SFR)

Kola 1-2 (PWR/VVER)
Peach Bottom 1 (HTGR)
Shippingport (PWR)

Generation |l

Diablo Canyon, Westinghouse PWR

Large-scale
power stations

- Bruce (PHWR/CANDU)
- Calvert Cliffs (PWR)

- Flamanville 1-2 (PWR)
- Fukushima Il 1-4 (BWR)
- Grand Gulf (BWR)

- Kalinin (PWR/VVER)

- Kursk 1-4 (LWGR/RBMK)
- Palo Verde (PWR)

1950 1970

1990

XtE =KX : https://gif.jaea.go.jp/about/index_eng.html

Generation Il / lll+

Kashiwazaki, GE ABWR

Olkiluoto 3 AREVA PWR

Evolutionary
designs

ABWR (GE-Hitachi; Toshiba
BWR)

ACR 1000
(AECL CANDU PHWR)

AP1000 (Westinghouse-
Toshiba PWR)

APR-1400 (KHNP PWR)
APWR (Mitsubishi PWR)

Atmea-1 (Areva NP
-Mitsubishi PWR)

CANDU 6 (AECL PHWR)

2030

EPR (AREVA NP PWR)
ESBWR (GE-Hitachi BWR)
Small Modular Reactors

- B&W mPower PWR

- CNEA CAREM PWR

- India DAE AHWR

- KAERI SMART PWR

- NuScale PWR

- OKBM KLT-405 PWR
VVER-1200 (Gidropress PWR)

2050 2070

Generation IV

Safe
Secure
Sustainable
Competitive
Versatile

Arriving ~ 2030

Innovative
designs

GFR gas-cooled fast
reactor

LFR lead-cooled fast
reactor

MSR molten salt reactor

SFR sodium-cooled fast
reactor

SCWR supercritical water-
cooled reactor

VHTR very high
temperature reactor

2090
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Reducing the time and cost
1. Electron Beam Welding (Welding Times 90% |, Cost 85% | )

2. Hot Isostatic Pressing (Reduce machining and welding,
achieve complex shapes)

| 3. Diode Laser Cladding (Reduce amount of cladding material,
Blaheiadilo sl faster process and high-quality)

of Nuclear Components

Aoy zad development of

4. Additive Manufacturing (=3D Printing) (Less material, reduce
the cost) - Direct Energy Deposition (DED), Powder Bed Fusion
(PBF), Cold Spray

Source “Advanced Manufacturing of Nuclear Components”, Produced by World Nuclear Association, September 2022, Report No. 2022/004 11



https://world-nuclear.org/getmedia/81d45ecc-b689-4012-b36d-1758c4aba230/CORDEL-Advanced-Manufacturing-Report.pdf.aspx

Inconel 690
(H4$2 SMR Z7|L:7| Tube)

https://www.nuscalepower.com/en/About/Research
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https://apexpiping.com/capabilities/shop-fabrication/pipe-bending-forming/

https://www.dynobend.com/en/products/combi-bending-
machine-/
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309L / 308L
(Stainless Steel Cladding)

RPV
SA-508 Gr.3 Cl.1

(Mn-Mo Low-alloy Steel)

309L / 308L
(Stainless Steel Cladding)

RPV SA-508 Gr.3 Cl.2

(Mn-Mo Low-alloy Steel)

Containment Vessel

SA-182 FXM-19, UNS 520910

(High — Strength Austenitic Stainless Steel)
SA-182 FENM (UNS 541500)

(Martensitic Stainless Steel)

142 71K = M=z2 1E

A
20| EX|

20 Mzl oled=

(Cll) 22ItAR,

XN2IAR

RPV SA-508/533

(Cr-Mo Low-alloy Steel)

N27IA2

*LHEAXH AFE : SAT18
* Z7|LUMI| Tube : Alloy 800H
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ASME B&PV Code (KEPIC)

M ASME B&PV Code Section Il, Part C, Specification for Welding Rods, Electrodes, & Filler Metals
- SFA-5.01, Welding Consumables — Procurement of Filler Materials and Fluxes (CMTR &2 £ 71)
-SFA-SXX, M=E EMM= FHE 4 (FAHE M=l PV, Cu e 52 Heh

2 ASME B&PV Code Section Ill, Division 1, NB~NG
- NX-2400, Welding Material (EH = 7t atst/7[AMESE 42 )

3 ASME B&PV Code Section lll, NCA (General Requirement for Division 1 & 2)

- NCA-3300, Metallic Material Organization’s Quality System Program (A 2S5 A S & A|AH]
- NCA-4250, Quality System Program Requirement (&8 = S A =44 2a|)

Kot

2 Q)

U.S. Nuclear Regulatory Commission, Regulatory Guide 1.99, Radiation Embritttlement of
Reactor Vessel Materials, Revision 2

@ Chemistry Factor for Weld (ZFAFM EAL 2t 02 2|2t 8 HAH =2 Cu & Ni & Mot A2 1)
AA LA
O SY=2GXN2[(PWHT) 2% 8l SX[A[ZH: 595~620°C / 25A|2t, 40A| 2, 48A[ZE
@ YA ZALF| 2 AL AFEE EEME 72 EE 24 RA 3 &2 4
- Low Co (0.05wt.% max.) / N, Al, As, B, Pb, Sn, Nb, W, Zr, Sb
Q@7 dH HIt=E, x| 7|AM A 72, RTNDT (7|& FH8 8o|=2k) 27

RIZHARS] 8T SHEIA BIEE 9I8t 2T AY

O =/
O &3 03 Y 22 E 2t Wire BEEIX 2| (Cu =20 ZX| &2 Wire, ™Y =)
@ a5 12 LY LXZ ot wire 2H 7 (WA Q7S A| B0 2 tHF 2E2)
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Nozzle to Shell
I1S2EEH|

274 A 3%+ Cladding

Robot Welding
System Integration

Source : Xiris Weld
Monitoring Camer

& Buttering €7

AATZE LHH Cladding &
Buttering

3AHA W X

UT Phased Array

Inspection Robot LabVIEW Desktop
— Controller

( RSl via ITRA i a
— e ———

‘
ut Probe

] L] TIG Power Source

NI cRIO

RS! via LabVIEW
A
%o, %,
%
/ ] Nf’*’

Inspection Camera Laser Profiler Thermocouples

® 3.

Welding Robot

Source : Continuous monitoring of an
intentionally-manufactured crack using an

automated welding and in-process

inspection system

24


https://www.researchgate.net/publication/340040811_Continuous_monitoring_of_an_intentionally-manufactured_crack_using_an_automated_welding_and_in-process_inspection_system
https://www.researchgate.net/publication/340040811_Continuous_monitoring_of_an_intentionally-manufactured_crack_using_an_automated_welding_and_in-process_inspection_system
https://www.researchgate.net/publication/340040811_Continuous_monitoring_of_an_intentionally-manufactured_crack_using_an_automated_welding_and_in-process_inspection_system
https://www.researchgate.net/publication/340040811_Continuous_monitoring_of_an_intentionally-manufactured_crack_using_an_automated_welding_and_in-process_inspection_system

H2g0| Mg &

L—y

iRa}

S HS

Before clad : 45
After clad : 35
Clad thickness : 5
|

A

Before Cladding :
52
After Cladding : 43

(Unit : mm)

~
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- Groove Welding : SAW, Machine-GTAW (Girth seam, Nozzle seam)

- Cladding : SAW & ESW Strip Cladding, Machine-GTAW, PAW (CH & &)

=i S = A, 160Pass/80Layer O & CHEEY & &AM

Deep Narrow Gap L &7 Pass &=Af

o2& 2t fIXf 2HEV[Q 2EFHIE Hotet 8 a1t

PWHT =&, & HEAZH (F=HAIZH

g4 X PWHTAl A& ®1X| H 8HEX[2] 2]

Turning Roller @ X|Lt 10 '%%ﬁ)ﬂ olgt #&=xA gt o o |-
Tack welding, ZA|F& =1 &2 #5240 SYSWELD gers st

Welding o ki gmmw




frame - outer fillet welds frame - inner fillet welds door interior - sqare butt

max.: 1,65 mm
min.: -2,84 mm

max.: 0,48 mm
min.: -0,67 mm

max.: 2,45 mm
min.: -1,57 mm

[

e
ol

2,00 0,00 -2,00

distortion in z-direction in mm

110100000
- AEM A cADEY

oI MRS 8 =
Radial #82 S 40| A
ool weto 2 wa

SH= el Ferdy
(E|THE S +5.58mm)

" fax 5.58mm

i XM & 8% F Radial 4 HY X (308 1HF)

S, o Max 2.54mm +/0.100000

254963
214984
174928
1.34907
094880
054870
014851

025167
065186
105204
145223
185242
225260
265279
305297 o5,
345316
z

3

LiH FH% & 8% F Radial 42 HY X (308 1HF)

CASE1_A2 TC_MESH,

9Js 9J8t B0 ofsf
BYE HE2 FY
Ygos &

1/0.100000

1.57951

ta
(Z/CH# 2 -5.51mm) [ o
—— 031282
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