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Fatigue and fracture of three austenitic steels at cryogenic temperatures 
McRae, D.M., Balachandran, S., and Walsh, R.P. (NHMFL)
Introduction 

316LN stainless steel is currently one of the most commonly selected structural materials used in superconducting magnet systems, thanks to its 4 K strength and fracture toughness. Two other attractive austenitic steels receiving attention as structural alloys for cryogenic applications are JK2LB and Nitronic 50. This investigation aims to report typical ranges of fatigue and fracture behavior of each alloy in various conditions to highlight key differences between them, and potentially aid with material down-selection for future projects. [1]
Experimental 

 All of the tests are conducted on servo-hydraulic test machines that feature a load reaction frame and cryostat that facilitate testing in liquid helium. Shepic-style clip-on extensometers are used to measure strain in tensile tests, and a clip-on crack opening displacement (COD) gage is used in fracture toughness tests. Tensile tests are performed according to ASTM E1450, and the fracture toughness tests are performed according to ASTM E1820.
Results and Discussion


A graphical presentation for 4 K mechanical performance of these alloys are shown in the Figure 1- KIC(J) vs yield strength plot.  Figure 1 portrays and compares contemporary data with the earlier data, the performance of several materials appear outside the NIST trend line for 300 series austenitic stainless steels [2] on the plot, but one should approach this comparison with caution.  We suspect the materials that deviate from this trend are tested with specimens that have favorable orientation with respect to the rolling direction. Additionally, several fracture toughness values for alloy 316LN and N50 on the plot are obtained from thin CT specimens that violate ASTM thickness requirements. But, since a significant amount of characterization has been done for thin-wall conduit they are data points that must be carefully integrated with the rest.
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Fig.1 Fracture Toughness vs Yield Strength for multiple austenitic steels at T = 4 K.
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