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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)
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Governing Equation

- Toroidal momentum balance (Goldston, 1986)
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Shape Functions

Circle: time avg

*Line: curve fit
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-Model shape functions with curve fit of time averages
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Model Equation

 Toroidal momentum balance
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— 1D Linear PDE (parabolic) — diffusion equation with forcing
— Neumann (p=0) and Dirichlet (p=1) BCs

— Curve fit coefficients (4 geometric variables)

— Coefficients to be supplied from data: ., and Z N
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Results

« Numerically solved with MATLAB

— adaptive time steps (parabolic PDE solver)
— Ref: Skeel & Berzins, SIAM 1990

Model *Experiment
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Results

0.6

0.55

— N2

20

Measured
o "'——'06 \ \(
08 \
! r Ve
/
2 Js’ - .// ;\i\:—o .
) | \ *H- to L-mode transition
T \9\.‘ | \'\ ~—02__ I
o x‘
/ | o | 1
_// “,"I ' Og f
=) L (]
) EES-
_ak ”‘b' T ) :‘
VLN
)
]/
—2, s
2 Do - Shot 128020
—_ | -
: x 10° x 10°
3.5 35
— 3 2P 3
/7 N\ o—
T 2 A ! N\ 3 25 .
° 17 X, z ™~
g 21// \_/ .é 2 / \
—— / '/ \' /
T 151/ i 1.5(// -
be’ .'\_‘ -~ 1
— §im = — 8im
0.5 exp 0.5 exp
Q
0.2 0.3 0.5 0.6 0.2 0.3 0.4 0.5

@ NSTX

PPPL review — model for rotational control (Taira et al)

September 16, 2009




Rotational Control

m (R (V)
;nsz<R>at <8p>

- 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 — NBl & NTV

* Neutral Beam Injection

oT 1—
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time constant: 7 ~ 0.02sec
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Refs: Zhu et al, PRL (2006), Callen et al, NF (2009)
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Preliminary Controller Design

Integral action

Des

Cos

J = / (iTQ:T: -+ uTRu) dt

x

introduce an extra state x; (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: r = Cz,

ired steady state within 100 ms
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Upcoming work

« Further validation of models.

- Implement NBl and NTV models (with time constants)
into the control studies.

- Linear time varying control problem.

 Trajectory tracking.

 Control for spatial profile.
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