White Paper on Coil Testing – Draft A

At the May 2006 SC Review, the committee recommended conducting a cost/risk analysis to determine the need for cold testing on a Type A and Type B coil (in addition to a Type C coil) and to consider structural analysis modeling verification during the cold test.  The goals of performing power testing with the modular coils at operating (cryogenic) temperature are to verify that the coils behave as predicted, thus validating our analytical models, and to qualify a system for monitoring the structural behavior of the modular coils during experimental operations.

The C1 coil was tested in June 2006.  The coil was cooled down to cryogenic temperature and tested at full current.  The coil resistance was in accordance with predicted values.  The observed temperature rise and cooldown rate were in agreement with predicted values.  Displacements across the width of the coil were measured with a displacement gage and were also in agreement with predicted values.

Conventional (resistance-based) strain gages were applied to the winding form and winding pack.  These gages were used because of previous favorable experience on ATF.  Bench tests were conducted prior to testing C1 that confirmed that these gages could be used in a cryogenic environment.  However, the test data from these gages during testing of the C1 coil was not usable.  Examination of the test data revealed that the substantial voltage ripple in the power supply and magneto-resistive effects in the strain gages precluded getting useful data.  This data is essential to validate our structural modeling of the modular coils and to qualify a system for monitoring the behavior of the modular coils during experimental operations.

The project plans a second round of testing using the C5 coil using fiber optic strain gages which are immune to voltage ripple and magneto-resistive effects.  These gages have been used very successfully on the NSTX TF coils.  They are being qualified for use at cryogenic temperatures at ORNL.  Consideration was given to testing a Type A or Type B coil instead.  Even though the C1 coil was tested at full current, the peak stresses were only about half the value of the peak stresses when all eighteen modular coils are assembled together.  Therefore, the full current testing does not qualify the coil design.  Rather, it is used to qualify the analytical modeling upon which the peak stresses predicted for experimental operations are based.  Given that this is our goal, it does not matter which coil type – Type A, Type B, or Type C – gets tested.  For the second round of testing, two considerations swayed us in favor of testing C5.  The first consideration was cost.  The structural analysis of a single coil operating at full field was already performed for a Type C coil but not for a Type A or Type B coil.  The interfaces with the electrical and liquid nitrogen supplies have already been fabricated for a Type C coil but not for a Type A or Type B coil.  Testing a Type A or Type B coil was estimated to add an additional $45K to the second round of testing.  The second consideration was schedule.  We are planning to perform the second round of testing in February 2007, as soon as NSTX comes back on line.  (In order to minimize costs, we run the tests using D-site power supplies in tandem with NSTX operation.)  The only Type A and Type B coils which would be available at that time would soon be required for field period assembly.  C5 is not required until assembly of the third field period begins.  If there was a need for subsequent testing or if testing was delayed due to needed modifications, there would be no schedule impact from using C5.  In short, we can meet our goals of verifying that the modular coils behave as predicted (thus validating our analytical models) and qualifying a system for monitoring the structural behavior of the modular coils during experimental operations most cost effectively and with minimal schedule risk by testing the C5 coil during the second round of testing rather than a Type A or Type B coil.

We could test a Type A or Type B coil subsequently to testing the C5 coil at an estimated cost of $170K per coil.  This testing has the potential to impact critical path activities and would not be expected to yield much valuable, new information.  If we were able to successfully predict the structural performance of the C5 coil at full current (and half stress), it is likely that we would successfully predict the structural performance of the A1 or B1 coil.  The Type A and Type B design features are very similar to the Type C design features.  Demonstrating that these coils can also operate at full current would also not qualify their design because peak stresses would likely be much lower when tested alone than when tested with all eighteen modular coils assembled together.

As mentioned earlier, a key goal of the testing is qualifying a system for monitoring the structural behavior of the modular coils during experimental operations. Toward this end, , the project is investigating improved diagnostics to monitor the structural behavior of the stellarator core assembly during commissioning and initial operation. Fiber Bragg Gratings (FBGs) offer the potential to monitor strains and temperatures at multiple locations (~20) within a winding pack on a single fiber.  This fiber could be embedded in the winding pack prior to vacuum pressure impregnation, thereby avoiding mounting issues.  Displacement measurements can be used to determine if an entire assembly is behaving as expected whereas a strain gage only provides information at a point on a part.  ORNL is exploring options for making displacement measurements in a cryogenic environment.  In summary, the project is working to define an appropriate complement of diagnostics to monitor structural behavior and to include testing as appropriate during integrated systems testing. 
