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Electron Beam (EB) Welding

Why EBW?

One-pass welding!
No filler metal required
EBW can produce welds w/ minimal HAZ

Nuclear AMRC, TWI, Rolls-Royce & EPRI have
demonstrated in-chamber and/or local vacuum on
thick section alloys

~ Enables field/shop welding!
RPV girth welds (110mm thick) in <60 min

Inspection, Costs?

Huge savings in welding costs (up to 90%)

Potential to eliminate in-service inspection
coupled with heat treatment!

www.opri.com

Eac- &=

65mm (thick) x 3m length x 1.8m diameter
Welding time: <10 minutes

Photograph provided courtesy: TWi (UK)
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Photograph provided courtesy: Nuclear AMRC (UK)
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3.1 M EH(EBW)

Elimination of Welds via Heat Treatment
-Resetling the Clock

Eliminate the Weld through re-austenitzation at
high temperature. How?

= Perform chamber EB weld of sub-assemblies

= Solution HT, quench; normalize; temper

= Resulting microstructure is same as base metal EBW+HT =0 Weld

= Fracture toughness comparable to base material

Inspection, Costs?

= Perform fabrication inspection prior to and following initial
Solution Heat Treatment, plus Normalize & Temper (SQNT)

* Following HT, no weld is visible

= Potentially no weld inspection required at 10 year intervals

EB Weld after Heat Treatment
WCL microstructure @ 500X
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3.2 Clo|E 20| x| Ze2i T (DLC)

Diode Laser Cladding

Why DLC?
* Robotic machine & out-of-position welding
* Good deposition rates

= Significantly reduces cladding thickness required
(~3-4mm)

i ?
'nsPeCtlon’ Costs? Diode Laser Cladding equipment setup

= Lbs. (or kg) of material required is significantly (fmages.courtesy 't NAMRG)
reduced since thinner layers can be applied.

* No / minimal machining after cladding required
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3.3 PM-HIP(Powder Metallurgy-Hot Isostatic Pressing)
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3.3 PM-HIP(Powder Metallurgy-Hot Isostatic Pressing)

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

(a) (b) (c)

Courtesy of Aachen University,
IWM/IAPK Institute

WwWw.cpri.com
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3.3 PM-HIP(Powder Metallurgy-Hot Isostatic Pressing)

Powder Metallurgy-Hot Isostatic Pressing (PM-HIP)

Why PM-HIP?

* Near-net shape and complex components (reduces
materials cost and machining)

= Alternate supply route, shorter turn-around
Steam Separator

= Considerable EPRI/Industry development over last 7 Large 316L SS Valve Body Inlet Swirler

years

* |deal for multiple penetration applications
(RPV or CNV head) vs expensive forgings

Inspection, Costs?
* Homogeneous — Excellent inspection characteristics

= Costs roughly equivalent to forging

* Eliminates need for welds in some applications

NNS Reactor Coolant

Pump Impeller

(courtesy Framatome and
3700 Ib BWR nozzle Albert & Duval)
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A. Laser peening
(Coating)

B. Laser peening
(Non-coating)

E. COLD SPRAY

______________________ -
Ultrasonic Shot Peening (USP): D. USP
: SONATS, MHI

N

Controlled Shot Peening (CSP)
: Curtiss-Wright, FUJIWPC

Water Jet Peening (WJP)
: MHI, HITACHI, AREVA

&F T - —— -y,

Low Plasticity Burnishing (LPB)
: Lambda techs

Ultrasonic Nanocrystal Surface! C. UNSM
Modification (UNSM)
: DesignMecha(SMU)
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3.5 AM (Additive Manufacturing)

Additive Manufacturing Qualification for Nuclear Applications

DOE Project

« Develop and demonstrate innovative qualification RENEOIGREY

strategy/approach

— Incorporate Integrated Computational Materials Engineering (ICME) and
In-situ process monitoring

= ASME Code Case for additively manufactured 316L
= Focused on laser powder bed fusion only =

ELECTRIC POWER
RESEARCH INSTITUTE
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3.5 AM (Additive Manufacturing)

Advanced Manufacturing Processes

Laser Powder Bed Fusion Direct Energy Deposition
Additive Manufacturing: Additive Manufacturing: Powder Metallurgy-HIP:
<100 Ibs (45kgs) <500 Ibs (225kgs) 100-10,000 Ibs (45-4500 kg)

www.eprl.com St e e e e EX 0|5 EPRI R EALR EPRI | i
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010-7732-5051
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