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Abstract

A detailed current density profile structure is obtained in VEST by full equilibrium reconstruction from external and internal magnetic measurements. Vertical
component of the magnetic field is measured by magnetic Hall sensors from inside the plasma, in addition to the typical external magnetic diagnostics. Grad-
Shafranov equation solver TEFIT is modified to incorporate internal magnetic, external magnetic and diamagnetic measurements. The reconstructed equilibrium
parameters are compared to the discharge characteristics of VEST to check the consistency of the result. It is shown that with the internal magnetic probe data, the
uncertainty of the current density profile by equilibrium reconstruction is reduced. From the reconstructed current density data, the transition from hollow to
peaked profile is observed, which is a typical phenomena during a current ramp up in a tokamak. The current penetration phenomena will be discussed in more
detail with the established equilibrium reconstruction procedure including the internal magnetic probe data in addition to the typical external magnetic diagnostics.
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» Plasma ends coincide with an oscillation in magnetic
probe signals: presumably disrupt by MHD instability

A method to decompose a matrix — applied to optimization problems
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» Discretize walls into 368 elements

» Express plasma current with a moving filament

« Solve time dependent circuit equation (classical
Runge-Kutta method)
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Reconstruction of Generated Signals

Sensitivity Study
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* 10% error random number generator used to produce noisy measurement data
« With internal magnetic field information, peaked profile global parameter is
reconstructed by error within 10%

Exact EXT1 EXT2 EXT3 EXT4 EXTS ERROR Exact INT1 INT2 INT3 INT4 INTS ERROR

Poloidal Beta 0.5 037 043 0.36 043 0.35 0.30 Poloidal Beta 0.5 048 0.55 0.46 0.54 0.52 0.10
Internal Inductance 1.05 127 119 131 119 131 0.25 Internal Inductance 1.05 103 0.98 104 0.98 0.98 0.07
Toroidal Beta 3.24 317 3.25 3.01 325 294 0.09 Toroidal Beta 3.24 311 3.35 3.03 334 3.24 0.06
Core Safety Factor 1.02 071 038 0.73 0.79 0.73 0.30 Core Safety Factor 1.02 099 1.03 1 1 105 0.03
Edge Safety Factor 15.74 1067 14.85 14.61 148 1453 0.32 Edge Safety Factor 15.74 16.87 1741 16.82 16.99 16.82] 0.09
Volume 137 126 1.32 131 131 13 0.08 Volume 137 134 134 134 133 132 0.04
Geometric R 043 044 043 043 043 043 0.02 Geometric R 043 043 043 043 043 043 0.00
Geometric Z 0 0 0 0 0 0 0.00 Geometric Z 0 0 0 0 0 0 0.00
Minor Radius 0.33 032 0.33 0.33 033 033 0.03 Minor Radius 0.33 033 0.33 0.33 033 0.33 0.00
Elongation 159 149 154 151 153 151 0.06 Elongation 1.59 154 156 154 155 155 0.03
Triangularity 0.18 0.15 02 0.2 0.19 0.2 0.17 Triangularity 0.18 0.23 0.23 0.23 0.23 0.23 0.28
Plasma Current 49.7 49.8 49.8 49.8 49.8 49.8] 0.00 Plasma Current 49.7 49.8 498 49.8 49.8 49.8] 0.00

» External sensors only « With additional internal sensors

« Major/minor radius, elongation and » All global parameters except for

plasma volume are reliable triangularity are reliable
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Reconstruction without Internal Probe
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* READING INPUT FILES AND CONFIGURATIONS...

» Fields (radial and vertical) at

n  AXSR  AXSZ PSIA PSIB IS [kA] ERRFIT ERRLOOP _ i
> 0.4507 -0.0000 0.006077 0.000373 0.0000i¢ 7.51se-05 1.s4se0s  Mmagnetic axis is set to zero and
3 0.4540 -0.0000 0.004712 0.000377 0.000016 7.517e-02 4.208e-06 : : : :
4 0.4585 -0.0000 0.004486 0.000375 0.000016 7.518e-02 8.078e-07 g;l\lear] :2_55 \A/EBIQ]f]tI[}E; t() flt tf](&
5 0.4593 -0.0000 0.004440 0.000375 0.000016 7.519e-02 1.8342:07 B
3 0.4595 _0.0000 0.004428 0.000375 0.000016 7.3100-02 9.7595-05 measurement (R = 0.46 m)
ELAPSED TIME =  3.00 [Sec].
POST PROCESSING ... (TAKES LONG TIME IN A CASE) ° Found q(a) ~ 3: maybe the p|asma
TOTHL FIRESERTIME = Su0% [eel- disrupts because of MHD instability
- Calculation took 3 sec. after 7 iterations - Large error in the outboard probes

v Without the internal magnetic probe, Np > 2 and N¢ > 2 cannot be used.

Reconstruction with Internal Probe
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* READING INPUT FILES AND CONFIGURATIONS...

* Internal probe signal is fitted with

n AXSR AXSZ PSIA PSIB IS[kA] ERRFIT ERRLOOP

1 0.3806 -0.0000 0.002466 0.000472 0.000029 7.344e-02 5.653e-03 - :
2 0.4551 -0.0000 0.003358 0.000412 0.000022 7.287e-02 6.708e-06 extra Welghtlng of 10 > gOOd
3 0.4431 -0.0000 0.003638 0.000389 0.000020 7.278e-02 4.449e-06 tb | d
4 0.4394 -0.0000 0.003782 0.000385 0.000019 7.281e-02 8.861e-07 tw
5 0.4389 -0.0000 0.003809 0.000385 0.000019 7.281e-02 2.785e-07 agreement between real an
6 0.4391 -0.0000 0.003819 0.000385 0.000019 7.282e-02 5.535e-08 :
7 0.4391 -0.0000 0.003823 0.000385 0.000019 7.282e-02 1.979e-08 reconstructed S|gna|
8 0.4391 -0.0000 0.003825 0.000385 0.000019 7.282e-02 9.607e-09
ELAPSED TIME = 3.00 [Sec]. : :
POST PROCESSING ... (TAKES LONGLTIME IN A CASE) ° Broad Current denSIty prOfIIe
TOTAL ELAPSED TIME = 3.00 [sec]. structure iS Observed

» Calculation took 3 sec. after 8 iterations * More accurate q(0) ~ 1

v With the internal magnetic probe, the detailed structure of Jy(R) is reconstructed.

Conclusion

« Evaluation of the wall eddy current is very important in the
convergence of the solution.

* The code is not sensitive to the reconstruction to the uncertainty
In the measurements, as tested by the phantom current
distribution analysis.

* Including the internal magnetic probe signal, it is possible to
reconstruct the current density profile and the core safety factor in
more detail.

* |t is suggested that in VEST, the low edge safety factor may be
the reason of plasma disruption.

« With an added undetermined eddy current source near the
outboard, it is expected that the code will be more accurate.
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