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Tensile and Fatigue Qualification Testing of ITER-CS Conduit Alloy JK2LB
Walsh, R.P.; McRae, D.M.; Han, K. (National High Magnetic Field Laboratory, FSU) and Martovetsky, N.N. (US ITER Project Management Group, ORNL)
Introduction - 

The ITER Central Solenoid (CS) coils utilize cable-in-conduit conductor (CICC) and the conduit alloy is JK2LB. Here we present data from cryogenic tensile, fracture toughness, fatigue crack growth rate, and axial fatigue tests of JK2LB alloy and conduit butt-welds. The goal of this characterization program is to bolster the existing database for JK2LB and increase the understanding of the material’s structure and performance in addition to qualification testing to satisfy the basic minimum requirements.
 
Experimental - 

Half-meter pieces the seamless square tube with a round hole are butt-welded together end-to-end to provide 1 m lengths for testing. The 1 m conduit test sections are subjected to bending strains with a 3-point bending jig. Aging is accomplished by aging the (AC + CW) conduit at 650C/200h in an Argon atmosphere. This represents the final step of the Nb3Sn reaction heat treatment that the conduit alloy must endure. The mechanical properties of the base and weld metal are evaluated with tests on specimens that are electro-discharge machined (EDM) from the conduit.
Results and Discussion


Flat tensile specimens were tested to evaluate possible residual stress that may occur during processing of the conduit and the test results showed negligible through-thickness material variability. Fracture toughness testing is performed at 4 K  to determine the J-integral at the point of fracture instability (JIC), which can then be converted to the critical stress intensity factor (KJIc) and used as an engineering design parameter.
Conclusions

In summary, the production grade JK2LB conduit base metal and welds, before and after the final processing steps, are found to have excellent mechanical properties that easily satisfy the ITER 295 K and 4 K requirements. The 4 K fatigue properties of the conduit base and weld metal, have been characterized in axial fatigue test and fatigue crack growth rate tests generating data that allows designers to estimate the conduit’s service lifetime and reliability.
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Fig. 1 Schematic shows location of specimens.

Fig. 2 Stress-strain curves from distinct through wall thickness locations.


