5 LTX-B: Plasma Control System Hardware and Software Design . ;.

YEARS Keith Erickson, Ricardo Shousha, Dennis Boyle, Enrique Merino, Richard Majeski - Princeton University Plasma Physics Lab

Possibilities

LTX-Beta Machine Parameters Advancing Operating Envelope Requires Sophisticated Feedback Control

LTX-B TOKAMAK: EDDY CURRENT MITIGATION VIA FEEDBACK CONTROL
1. THE PROBLEM: UNCONTROLLED EDDY CURRENTS | [ 2. THE CONSEQUENCE: DISRUPTION AND SHUTDOWN |

TOROIDAL P UNCONTROLLED FEEDFORWARD PLASMA
\ G DISRUPTION CONTROL LIMIT POSITION

/( 50 ms). PLASMA
l - POSITION ~

\POLOIDAL

BREAK RADIAL

SHIFT

DESIRED

UNWANTED 3D PLASMA
MAGNETIC . EQUILIBRIUM

. ) "\. EARLY X CONTACT
_ i i TERMINATION &, %\~ ALL
Simple feedforward CLOSEFTITING 7 Zmmay (FELDS DISRUPTION ™%
COPPER SHELL R\ PLASMA (t<10 ms) W ¢
works A SO EDDY /' POSITION RT to enable
COIL CURRENT INDUCED 5. CyURRENTS =¥ INSTABILITY i ~243 | future divertor, PLASMA
CHANGE VOLTAGE (long-lived, ~25 ms) (Radial & Vertical) 0 10 30 50 TIME 100 ms DISRUPTION i

(ddt) Eddy decay time is comparable to plasma duratlon >

PLASMA CURRENT (1,)

r3 THE SOLUTION: FEEDBACK CONTROL SYSTEM 1 [ 4. THE RESULT: STABLE OPERATION
MAGNETIC — ACTUATOR RESPONSE
MAGNETIC ACTIVE Y PROBES 2 ~__~—— INDUCED EDDY CURRENT FIELDS

Major radius

.

PLASMA
POSITION (2)

/ - . \ pmgssk e e : l,} 2\ 4 A NET UNWANTED FIELD = 0
The PPPL LTX-B (Lithium Tokamak Experiment R & v ' \ 4 - W\ . xdeymmeine)
: : : : ol LOOPS EDDY CURRENT CONTROL . _ ': .
Toroidal Field : unique benefits of lithium-coated PFCs (plasma- 7 |RECONSTRUCTION ANIT / /
MAGNETIC N 7% Z
GRS ol e AT S Until it doesn'e SHAPE SN [—comRor SRS 0207 || prcons e e
article recycling & eliminating thermal gradients : k. MopsL L WITH FEEDBACK discharges (Ip > 70 kA, duration > 30 ms)

REAL-TIME UX=p
STABLE " ; 7 v V
1 POSITION UNSTABLE
Plasma Current facing components) to enable hotter plasmas CHANGES \ .
/ This work was supported by the U.S. Department of Energy under contract number DE-AC02-09CH11466. The United States Government retains a non-exclusive, paid-up, irrevocable, world-wide license

Minor radius : Beta) is an upgraded LTX that focuses on the FLux || EquiLiBRiUM& | |FEEDBACK| ¢ ' (
CONTROL POSITION & Y = I TIME
to publish or reproduce the published form of this manuscript, or allow others to do so, for United States Government purposes.

Beam Power D
Pulse length <

Leveraging Shared Technologies to Maximize Capability with Limited Budget
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