Controlled eddy current measurements for monitoring sub-surface temperature dynamics in heated metals for Laser Powder Bed Fusion (LPBF) processes
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As laser powder bed fusion (LPBF) is increasingly adopted for industrial manufacturing, in situ methods of process monitoring are becoming more useful and important.  Here we investigate a new electromagnetic field-based technique for measuring sub-surface temperatures, with potential to predict the residual stress states of metal AM components.  This approach may improve both the LPBF process quality as well as its repeatability. Present methods rely mainly on optical and infrared measurements to characterize laser melt pool temperatures, and these provide only limited information on the sub-surface temperature distribution. In this work we demonstrate an eddy current method that can monitor the transient, sub-surface temperature distribution as it evolves in a dynamic heating process.  This is accomplished by measuring changes in electrical conductivity that extend to the subsurface of a metal sheet heated through direct contact with a chemically-reacting foil which acts as a controlled heating surrogate for the LPBF process. 
We employed a commercial eddy current array to observe heating of a 0.5 mm thick steel sheets in mechanical contact with reacting energetic heating foils. These foils, 60 microns thick, are composed of hundreds of alternating, parallel layers of nickel and aluminum, each ~10 nm thick, which propagate a gasless reaction at ~8 m/s when point initiated. The nanolaminate ignition reaction provides a useful surrogate for LPBF heating because of its energy deposition rate (1250 J/g) and peak temperature (1500 oC). Measurements of the moving reaction front show accurate detection of the front itself, as well as later heat conduction through the steel sheet.  We developed a numerical model to optimize our measurement geometry and timing, and to predict expected signal levels. These well-controlled measurements can help accelerate the transition of the eddy current measurement approach to provide useful in situ sub-surface temperature estimates in future LPBF processes.
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