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. New Heats and Improved Formulations of Alloy
52 Weld Filler Metal

« Several alternative materials have been developed with reported
improved resistance to hot cracking (solidification & liquation) and
ductility-dip cracking

« Source of new alloys

— KAPL, Areva, Special Metals Inc.
* Actual performance of these new filler materials may be evaluated by:
— Weldability mockup testing (overlay, narrow groove, etc)
— NDE evaluations of weld deposit
« Standardization of laboratory weldability test methods is necessary
— DDC evaluation — Narrow groove or strain-to-fracture testing

— Hot cracking evaluations — Transverse varestraint testing or cast pin tear
testing

— Liquation and DDC evaluations — Transverse or Spot varestraint testing

« NDE Evaluations
— Impact of grain size, orientation, deposition rate, UT response
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I Weldability Test Methods Currently Under
Review by EPRI-RRAC

« Strain-to-Fracture (STF) test for susceptibility to ductility-dip cracking
(DDC)
 Varestraint test for susceptibility to DDC, liquation, & solidification
— Transverse
— Spot
 Cast pin tear test for susceptibility to solidification cracking (dilution
effects)

 High restraint weld mockups for susceptibility to solidification,
liquation, and DDC

« Narrow groove weld mockups for general weldability
« General weldability observations

— Weld puddle evaluations (oxides, wetting, fluidity, etc.)
— Susceptibility to weld defects (lack of fusion, cold lap, etc.)
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Varestraint Test Specimen Variations
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I Parameters to Measure Solidification Crack

Susceptibility

LI

-
«

Temperature —

 Solidification crack temperature
range (SCTR) is a relative index of

_— crack susceptibility

— SCTR determined graphically

— Wide SCTR indicates high
crack susceptibility

» Maximum crack distance (MCD) is
saturation crack length determined
by transverse varestraint test

» Velocity (V) is travel speed of weld
puddle during varestraint testing

» Cooling curve is determined by
plunging thermal couple in the weld
puddle during cooling

ELECTRIC POWER

° c=rrl

© 2007 Electric Power Research Institute, Inc. All rights reserved.

RESEARCH IMSTITUTE



I Strain to Fracture (STF) Test

« STF test and measures susceptibility to ductility-dip cracking (DDC)

L-Strain Temperature
Gage /

(courtesy of The Ohio State University, John Lippold)
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Parameters To Measure DDC Susceptibility

Alloy is considered susceptible
to DDC if:

DTR = 100°C (212°F) and
Emin < 15%

Threshold Strain
(Emin) — Minimum % strain

DUCTILITY (% STRAIN) —»

Ductility-dip Temperature Range
(DTR) — Temperature range of
ductility-dip envelope typically

measured at 10-15% strain

Normal
Behavior

at lowest dip in ductility =—
where DDC occurs

TEMPERATURE —»
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I Narrow Groove Weld Tests

High restraint mockup testing
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Goal of weldability test program

* Develop standardized method for evaluating/measuring
susceptibility of weld metal to solidification, liquation, and
ductility-dip cracking

* Build matrix of filler material chemistry with crack
susceptibility index number

 Categorize heats of filler metal based on the following:

— Resistance to cracking
 Solidification
 Liquation
 Ductility-Dip
— Resistance to cracking on base material with high P&S
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New Plant — Welding Best Practices

* Project Overview and Goals
— The primary factor affecting most modes of material
degradation is residual stress (weld induced strain)

« Surface condition, cold work, etc. may also be
factors bur are not focus of this project

— Careful selection of welding and fabrication processes
can improve the as-left material/weld condition

— The goal of this project is to:

* |dentify welding and fabrication practices that
minimize potential for premature failure and reduce

susceptibility to known degradation mechanisms

« Disseminate these best practices to the industry for
Implementation in new plant construction
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Assemble Expert Panel and Survey Industry

* Assemble Team of Welding & Fabrication Experts

— Utility personnel involved in new plants

— RRAC & MRP members

— NSSS Designers, Contractors & Vendors

— Welding, Manufacturing, & Fabrication Experts
— ASME and other Code Experts

« Survey Industry Welding & Fabrication Practices

— Past welding and fabrication practices
— Current and proposed practices for new plants
— Future welding and fabrication methods (next generation plants)

— Issue Interim EPRI Report in December 2008 detailing findings of
initial survey
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Potential Welding & Fabrication Best Practices

* Definition of critical attributes for common configurations

— Minimize weld residual stress in critical areas by controlling joint
geometry, weld volume, root geometry, etc.

« Use of PWHT to reduce peak weld residual stress in
critical areas

— Well defined and precise controls to reduce residual stress in
critical areas

* Welding procedures or processes which limit/control
thermal influence on weldments
— Narrow groove
— Fine line welding (GE proprietary GTAW process)
— Laser welding
— Etc.
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Potential Welding & Fabrication Best Practices

 Evaluation and repair of fabrication flaws

— Fitness-for-service in lieu of workmanship acceptance
criteria

» Repair only flaws that are detrimental to intended
service

— Reduce number of repairs
— Reduce volume and size of repairs

— Perform in-process NDE such that required repairs
may be performed in manner to reduce residual stress
In critical areas
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Potential Welding & Fabrication Best Practices

* Welding conditions and post welding methods to reduce
residual stress in critical areas

— Induction heat stress Improvement (IHSI)
— Heat sink welding (HSW)

— Post weld laser peening

— Post weld caviation peening

— Low plasticity burnishing (LPB)

— Electropolishing / Buffing (MHI)

— Mechanical stress improvement (MSIP)
— Etc.
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I Disseminate Welding Best Practices to
Industry for New Plant Construction

* Meet and communicate with expert panel to identify
welding and fabrication best practices

— Incorporate feedback from manufacturers, vendors,
and contractors

* Perform gap analysis to determine technical needs and
areas for future evaluation and research

* |ssue “New Plant Welding Best Practices” technical report
December 2009
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