MAXIMUM CONTROLLABLE DISPLACEMENT: RESULTS FROM NSTX
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— Coil commands frozen to disable vertical control for a period to allow VDE. coil model. that couples to plasma instability model.

- ITERO7 has degraded vertical control margins relative to ITER98-EDA.:
— Size and number of coils were reduced for cost reduction.
— Plasma elongation is increased for performance recovery.
— PF coils are moved farther away from plasma as fraction of minor radius.

— Let the plasma drift for a specific period starting with 20 ms for the first experiment.
— Restored the coil control command.

— The control was turned back on with maximum available voltage (slew rate limited).
— Repeated the experiment with increased drift periods [20, 30, 35, 40, 45, 50] ms. Model and Experimental Match

Vertical Displacement Linear Model

Analysis: Simple Linear Vertical Displacement Model

— Compensation through power supply and coil operating points is not sufficient. R jg/ A e
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Masimum § - When we turned the control on some of the shots recovered while others did not. Where y =75s". The first order effect of the coils on the vertical motion is assumed to be:
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lllustration of experimental method defining AZ .. Time evolution of an example AZ, ., experiment shot o e | . i.e. the current changes the velocity of the rigidly moving plasma. Also during the ramp up /
Simulation corresponds to ITER end-of-rampup state  from NSTX. The elongated plasma vertically drifts o~ - oat| 1 NoFecovrsashon | L is proportional to t. Combining these two effects, we can find an approximation for the
1 ~ ~ DO . f f f f : : : : : : i ‘ f x 4 f . . . .
with AZmax.~ 4 cm, AZmax /a ~ 2%. store The Vertical controlIs tirned back on SO ‘ 7 I AR R M N A dynamics of the vertical motion after the control is turned on as:
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- AZ__. is the maximum displacement beyond which VDE cannot be reversed. A Tz T . - .
! _ma"t : f P 'I y 4s to disabl foal control f 4 P P T - ais found by data fitting as 4.5e5. Assuming that the plasma breaks when the edge of the
SING 1argets Near Kmay, IMeez€ Coll commands 1o disable vertical Controt 1or period. - rigidly moving plasma touches the vessel. We can find the AZ...., by the following BVP
- Let plasma drift a vertical displacement of AZ. i >y T
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- Apply maximum control command to the coils; vary the period to determine AZ,., T ey T 02 et O 2 0 e A e
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At the same time apply constant shape circuit voltages which would keep constant shaping | | | _ _ |
current. - Red lines show the shots were the vertical displacement was uncontrollable * Solving we get AZ,,, ~ 27 cm. The good match with experimental data and AZ,,,
while the blue lines the controllable ones. measurements suggests that the vertical dynamics is coupled linearly with the coil current.

» Gives the region of attraction, controllability region.

. . . . . « NSTX is (mostly) up/down symmetric (mirror symmetry).
\\Nondlmensmnal parameter AZ__ /a can be used to compare different machines. / \\ . AZ_ ~[18-24] om and AZ._/a ~ [%30 - %39]. / \\ /




