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Introduction: Princeton Plasma Physics Laboratory (PPPL) is currently winding the modular
coils for the National Compact Stellarator Experiment (NCSX). These coils are supported by
stainless steel castings. Recently, a design modification was requested to include welds on the
inward sections of three types of bolted joints between these castings. These welds will join the
castings to stainless steel shims and join casting to casting across the shims. To determine the
integrity of these welds, NCSX contracted EWI to perform nondestructive evaluation (NDE) and
metallographic cross-sectioning of selected welds.

Objectives: Provide NDE and metallographic evaluation of selected weld sections.

Approach: NCSX provided 10 of the worst-welded shim/flange sections from the welded leg
setup based on NCSX’s examinations and judgment. Upon receipt of the welded sections, EWI
considered the use of radiography testing (RT) and ultrasonic testing (UT) as possible NDE
methods for detection of flaws in the welded sections. Based on the geometries of the sections,
it was determined that radiography testing (RT) would not provide useful information about the
weld integrity. Consequently, UT was the method used for further NDE.

EWI performed immersion C-Scan UT to inspect primarily for lack-of-fusion (LOF) and porosity
flaws. The inspection of full-thickness sections was attempted using phased array (PA) UT
testing to penetrate through the full material thickness. While PA UT was able to penetrate the
thickness, it was decided that thinner material sections less than 1 in. (25 mm) would provide
the best results. This was discussed with the Sponsor and approval was given to saw cut the
specimens to a thickness that would provide a better inspection. Following approval from the
Sponsor, the sections were saw cut and immersion UT testing was performed. Results of the
C-Scan UT were evaluated and locations were selected for metallographic cross-sectioning. A
total of 20 cross-sections were obtained; 10 transverse sections and 10 longitudinal sections.
Macrographs of these cross-sections were taken and are provided in Appendix A, along with C-
Scan results of the same locations.

Conclusions: Based on the results of the NDE and metallographic cross-sections, it appears
that the welds were sufficiently fused to the base metal flanges and shim.

NDE and metallography revealed some instances of isolated porosity, small inclusions, and an
area of LOF (shown as red circles in Appendix A); however, the welds were generally sound
with uniform penetration depths as shown in images taken from the longitudinal cross-sections,
as well as, the ultrasonic C-Scan images.

C-scan and macro photographs can be seen in Appendix A.

Ultrasonic C-Scan was able to detect the depth of fusion of the flange to shim welds as shown
in Figure 1, provided the sound beam could be oriented perpendicular to the flange surfaces.

Ultrasonic C-Scan was able to detect flaws in the weld zone as shown in Figure 2.
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Figure 2. Weld 5 Showing LOF Indication

For more information contact: Kevin Clear at 614-688-5243
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