Control system development

The NSTX control system has been continuously improved over the course of the last 5 years. The major areas of improvement are:

1. Vertical position control

2. Plasma shape control

3. Non-axisymmetric control

4. Computer Hardware upgrade
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[image: image2..pict]The vertical position control on NSTX was improved during the break between the 2003 and 2004 runs. The mechanism by which the vertical position control was improved was reduction in the latency of the control system (defined as the time it takes a control perturbation to propagate through the control system). This reduction led to a roughly 20% increase in the achievable plasma elongation for a given internal inductance (which is a measure of the peakedness of the current profile. This is important because the elongation is a key factor determining the bootstrap fraction, and high bootstrap fraction is crucial to the viability of the spherical torus concept. 

The achievement of high elongation in 2004 laid the foundation for the second part of the shape control development strategy. It had been shown in equilibrium calculations that simultaneous achievement of both high plasma elongation and high plasma triangularity were required in order to achieve 100% non-inductive current sustainment. Two of the poloidal field coils (PF1A) were modified for the 2005 run to facilitate creation of these highly shaped plasmas. Additionally, the rtEFIT/isoflux control capability was extended to support strongly shaped plasmas by the inclusion of additional magnetic measurements in the upper an lower divertor area. These modifications Eventually led to the simultaneous achievement of a world record plasma elongation k ~ 3 at very high triangularity. The rtEFIT/isoflux control has led to excellent reproducibility in the strongly shaped regime and is now the predominant control scheme on NSTX.

In addition to the axisymmetric shape control mentioned above, NSTX has been developing non-axisymmetric control for error field correction and resistive wall mode (RWM) feedback. This involves the control of six “window-pane” coils located around NSTX on the midplane which are powered by 3 independent high speed power supplies. Data is taken using an array of large area magnetic sensors measuring both the radial and vertical magnetic field at 12 toroidal and 2 poloidal locations for a total of 48 measurements. These measurements have been used to determine the “optimal error field correction” as well as for direct RWM feedback. The use of this system has led to an increase in the achievable pulse length.

In 2007 a new real-time computer was installed and commissioned. This new hardware was required to support for continued improvements in NSTX control capabilities. This new system was designed to be more easily upgraded than the previous system, to help speed future control developments.

Future developments for control systems on NSTX include:

1. Neutral beam control (beta feedback, current and rotation profile control)

2. Realtime MSE measurements (current profile control)

3. Realtime CHERS measurements (rotation profile control)

4. Realtime Thomson scattering (required for NBI deposition calculations)

5. Strike point position control (For  lithium divertor)

Neutral beam control will require the addition of real-time telemetry, a real-time calculation of the plasma stored energy, and control algorithm development. Stored energy will be available from the rtEFIT code. Realtime MSE, CHERS, and Thomson scattering will require modifications to the existing data acquisition systems to support the real-time protocols in use on NSTX as well as the addition of real-time data acquisition channels and telemetry. Strike point position control will require machine development time to test new control algorithms, in addition to integrated plasma modeling that will determine the controllability of different plasma scenarios.
Figure 1: Figure showing the vertical stability boundaries on NSTX. Points in green were taken after the vertical position control improvements





Figure 2:  Plot of pulse average bt vs. pulse length, showing the effect of plasma shaping. Each point represents an NSTX discharge. The data is sorted by S and by run year.








