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Abstract

A one-dimensional plasma toroidal rotation model and its controller for a magnetically confined fusion device are developed
in an effort to assist the continuous extraction of fusion energy.

This study is based on the experimental measurements from the National Spherical Torus Experiment (NSTX) and is aimed to
capture and sustain the rotation (toroidal) momentum transport in a stable fashion and to achieve desirable plasma
geometry inside the tokamak .

Both the neutral beam injection (NBI) and the neoclassical toroidal viscosity (NTV) will be considered in our model as the
actuators for the controller design.
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Model validation

e Comparison against TRANSP:
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Actuator Constraints
NTV:
e Feedforward (N) Max current: 3kA
Set-point of desired profile NBI:
3 NBIl beams — Power: 2MW each
e|inear Quadratic Regulator (K) First beam always on |
Minimize cost function: 7- [~ (47 Qx + uT Ru) de Each beam can be blocked 20 times max.
B *Block min duration: 10ms

e inear Quadratic Integrator (Ki)
Integrate error to remove steady-state error

¢ Anti-windup (AW)

Min duration between blocks: 10ms

Controller

Prevent actuator windup due to saturation
'1d = P
e Observer (Obsv.)
Predict full state based on point-wise measurements
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2. Apply linear control on TRANSP with varying background:
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eOnce the Controller is activated, the
rotation reaches its target profile in less
than 0.1s for both the model and
TRANSP analysis.

Rotation Profiles
@

Discussion

e Satisfactory control
| inear control tools
Based on reduced order model
*Only two measurement points
eStrict constraints on the actuators
*Implemented in TRANSP

e Future plans: NSTX Upgrade
*Second line of three neutral beams, spatially more extended
*Need for new reduced order model
*No data available, 100% model based approach
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