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Trend of Advanced Manufacturing for SMR
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Advanced Manufacturing Technologies
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PM-HIP (Powder Metallurgy Hot Isostatic Pressing) DOOSAN
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Flange and Shell Forging
for Reactor Pressure Vessel

PM-HIP
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PM-HIP (Powder Metallurgy Hot Isostatic Pressing)

Forging

Ingot melting and forging
Machine extra metal (loss
amount of base metal)
Nozzles and attachments
weld required after forging
NDE the weldments

ISI required

DOOSAN
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PM-HIP

« CAN module fabrication

« Metal powder fill into CAN

« High isostatic pressing

« Machine extra metal but not so much

Advantages

Metal Powder used

Near Net Shape

Application for Specialized Material

Big Size HIP Machine

Reduce the production lead time up to 90%
Increase the integrity

Delete and minimize welds and ISI
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Required Code & Regulatory Requirements for PM-HIP

Material specification designated by Code

DOOSAN
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Filler metal needed for repair welding of specialized metals produced by PM-HIP
Irradiation embrittlement test if it is used for core region of RPV

ASME Section ll, Part A & Section Ill, Appendix D
- Chemical & Mech. Composition

- Mechanical Properties

- Drop Weight Test / Charpy V-Notch Impact Test

Material > Develop ASME Code Case

No Material Specification for PM-HIP

ASME Section I, Part C
- Applicable welding material required for repair PM-HIP
materials

Not so much data for repair welding of
PM-HIP Material
- Required welding material test

2102 D A| H|2021-28= M|15F
SAE ZAIA S Cfa 22X S 833 FCl&50 4 X|

- ZAH ;102 O] At 7 A4S OtE AT}X]| : 68) O] At
UKL Z 18| 7| &= KINS/RS-N03.00, Rev. 4

3.82.1 =35 E - 2¢

HAIEL SEX ZAPHS| L == F:.‘-’—-.“-IHE
-EAF I EHILEE, SEoFHE MY Ed Ee

S L T

Perform the irradiation embrittlement
test if the regulatory requests the
soundness of PM-HIP & Welding
Materials during the design life of SMR
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Electron Beam Welding
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Current Development Status for applying EBW
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Maximum Thickness possible to be welded by EB
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Required Code & Regulatory Requirements for EBW

DOOSAN

* Preheat Temperature for welding P-No. 3 materials
* Welding and repair welding materials for EB weld
* Irradiation embrittlement test if it is used for core region of RPV
* Regulatory Guide 1.50 Rev. 1 (March, 2011)

Weld fabrication1 for low-alloy steel (P Nos. 3, 4, and 5A)

1. Max. interpass & min. preheat temp. of WPS is the same of PQ Exemption for Preheating and Post

2. Preheat temp. until PWHT or Post weld hydrogen bakeout 200 and Heating in Vacuum Chamber for EBW

400°C (400 and 750°F, Min. 4 Hrs) - Development of ASME Code Case

* Preheat temp - ASME Section lll, Appendix D : 250°F (121°C)
* Preheat maintained after welding : 400 ~ 750°F (200 ~ 400°C)

Not so much data for repair welding

e ASME Section ll, Part C / of PM-HIP Material

- Applicable welding material required for repair EB Welds

- Required welding material test

« SO 1A H2021-28% H|15=

UXIE ZAIA D CHA BRI U 8xF2 = X| OS50 4 X] Perform the irradiation embrittlement
- ZAFH 1 102) 0| &/ HA|+=T8 U= UNK] : 68) O] & test if the regulatory requests the

- HAHXIE A HI7]F KINS/RS-N03.00, Rev. 4 soundness of EB weld and Repair
3.82.1 =25 = - 2¢¢ welding materials during the design
HAIEL SEX ZAIHS| UL =& E%IHE life of SMR
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Diode Laser Cladding
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https://infuse.ornl.gov/wp-content/uploads/2020/12/EPRI-Advanced-Manufacturing-and-Materials-INFUSE-Workshop-2020-12-02.pdf

Diode Laser Cladding

Preliminary test of Diode Laser Cladding
SAW Strip Cladding

Ay

Square Beam Clad width Robot & Laser WD M/C

Strip Width
25,50,60 mm
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Development Targets for DLC

Single Layer thickness : Under 2mm

Wider width deposition up to 45mm

No preheat and extended preheat

Surface roughness : Max. 5 micrometer

Single Powder materials: 308L

No measuring Delta Ferrite

DOOSAN
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v Soundness compared to clad thickness 3.2mm
v' Repair welding including temper bead welding
v NDE plan for UCC

v’ Corrosion thickness evaluation on design life (80 years)

v High-capacity LASER power supply
v’ High-capacity welding head

v' Data package for hydrogen induced test
v’ Developing Code Case

v' Optimum welding condition

v Low dilution

v’ Constant chemical analysis from 1~3mm

v' Data package to show low dilution
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Robot Welding System
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3D Helical Tube Bending
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50 % Import
APR-1400 i.SMR Material — Foreign Maker
Steam Generator 3D Bending — Doosan Enerbility
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Welding Materials O
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Localization of Welding Machine & accessories YT

A panr Aoty

S| SN EH| FLASEQ
H| 9 2 £ J10{H| 30~40% B Z
Jé-ll N

) POLYCAR 30

= 1= O

O A2 35278 SH WY

- M FerEd F <

- N EHH e H7HE &A= 7F
@ oot 7|=7|8t
ORENE
@ R_XHE LTS (2o X E7h
® JHEEH Il H2IH o=

Polysoude AH(Z & A) LiburdiAb (7 LECH)

16 of 19



Localization of Welding Machine & accessories
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Nozzle to Shell 274 U 3Kt cladding & Robot Welding
S8 H&H| Buttering €7 System Integration

Inspection Robot LabVIEW Desktop UT Phased Array
r — Controller
Y RSI via ITRA 5 : i
C—ty. - —t. %
i UT Probe /
TIG Power Source

Welding Robot ‘ Li

NI cRIO

¥
Noz. L8 40 mm  Noz. Buttering e ——
Inspection Camera Laser Profiler Thermocouples

Source : Continuous monitoring of an
intentionally-manufactured crack using an
automated welding and in-process
inspection system

Source : Xiris Weld
Monitoring Cameras
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https://www.researchgate.net/publication/340040811_Continuous_monitoring_of_an_intentionally-manufactured_crack_using_an_automated_welding_and_in-process_inspection_system
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Summary
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