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The National Spherical Torus Experiment Upgrade (NSTX-U) completed its first run 

campaign in 2016, which included commissioning of the major new components: a larger 

centre-stack (enabling higher toroidal field and longer pulse duration) and three new 

tangentially aimed neutral beam sources (increasing available heating and current drive). 

The larger centre-stack forces NSTX-U to operate at an increased aspect ratio, making 

vertical stabilization more challenging. To minimize potential performance limitations due 

to vertical instability, several improvements to the vertical control system were 

commissioned. These included the addition of multiple up-down-symmetric flux loop pairs 

to improve real-time estimation, and filtering to remove spurious signals due to noise, 

MHD events, and power supply ripple. These additions aided in achieving similar operating 

limits (in terms of elongation and internal inductance) to those on NSTX, despite the higher 

aspect ratio. Because target scenarios for next campaign will be at lower internal inductance 

and higher elongation values than those achieved on NSTX-U, it is desired to better 

understand the observed limits and to project them to these regimes. A database of vertical 

displacement events on NSTX and NSTX-U has been generated, along with a database of 

vertical oscillations observed during the plasma current ramp-up, specifically around the 

time of diverting. Machine learning techniques were used to cluster shots based on the 

characteristics of the VDEs/oscillations, and the plasma parameter regimes associated with 

the various classes of behaviour were studied. Results provide guidance for the selection of 

plasma parameters during ramp-up that are likely to avoid large oscillations at the time of 

diverting, and provide the means to assess the stability of target scenarios for the next 

campaign. Results will also guide plans for improvements to the vertical control system. 
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