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Objective


•  Develop model and controller for the toroidal 
momentum of plasma in NSTX

–   to attain desirable temporal & spatial profile 
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Governing Equation


•  Toroidal momentum balance (Goldston, 1986)


• Torque inputs


• Loss 

(charge ex, ripple)


• Temporal change


• Diffusion


• Pinch

 0 

 0 
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Governing Equation


•  Toroidal momentum balance (Goldston, 1986)


• 4 shape (geometric) variables


• Torque inputs
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Shape Functions


• Circle: time avg

• Shade: variation

• Line: curve fit


• Shot 120001


• Model shape functions with curve fit of time averages
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Model Equation


•  Toroidal momentum balance


–  1D Linear PDE (parabolic) – diffusion equation with forcing

–  Neumann (ρ=0) and Dirichlet (ρ=1) BCs

–  Curve fit coefficients (4 geometric variables)

–  Coefficients to be supplied from data:        and 
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Results


center 

edge 

H- to L-mode 
transition  

•  Numerically solved with MATLAB

–  adaptive time steps (parabolic PDE solver)

–  Ref: Skeel & Berzins, SIAM 1990


• Model • Experiment 
Shot 128020 
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Results


• H- to L-mode transition  

Shot 128020 
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Rotational Control


•  Torque Input

•  Neutral Beam Injection (NBI)

•  Neoclassical Toroidal Visc (NTV)


–  Callen et al (IAEA, 2008)


•  Response time < 2 - 3 conv time 


 
(100 – 150 ms)


•  Follow desired temporal trajectory
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Actuators – NBI & NTV 

•  Neutral Beam Injection •  Neoclassical Toroidal Viscosity 

Equivalent 1-D model 

Refs: Zhu et al, PRL (2006), Callen et al, NF (2009) 

10 

Shot 128819 
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Preliminary Controller Design


•  Integral action

–  introduce an extra state         (integral of output error)

–  achieves zero SS error 

–  robust to perturbations in the system matrix (A, B, C, D)

–  automatically adjusts the integrator state to hold output at ref:


•  Desired steady state within 100 ms


•  Cost function for LQR
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Upcoming work


•  Further validation of models.


•  Implement NBI and NTV models (with time constants) 
into the control studies.


•  Linear time varying control problem.


•  Trajectory tracking.


•  Control for spatial profile.



