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ABSTRACT EFFECT of AVA: Accessible kK is broadened in JT-60SA

eTo resolve concerns for heat/electromagnetic loads from vertical displacement -Ip-collapse is simulated at t = 6 s, during Ip ramp-up from 1->2.5 MA,
events (VDEs), we developed an equilibrium controller, which can predict and

which not only affects I,, but also VDE control (Fig. 2a,e,f)

control VDEs to an arbitrary direction and allows us to cope with either upward or . .
y g P eComparison btw w/ and w/o AVA clearly shows that VDE is successfully

downward unmitigated VDEs. Here we improve the prediction rate by

parameterizing a power supplies voltage saturation rate with a newly developed suppressed by adjusting GX»AVA even with higher k (Fig. 2b,c,d)

adaptive voltage allocation (AVA) scheme. p—— Dot ke Change of g often drives
oy P e - :
e Furthermore, the AVA scheme also broadens accessible elongation by 0.3 in the (a) "\\_—— ~-w/o AVA —w/ AVA 995 =) resistive instability, thus high S

condition is favorable

presence of power supplies voltage saturation due to hybrid plasma current and
— Shaping first

shape/position control and unknown plasmas disturbances.

(b) |
e |n preparation for coming JT-60SA integrated commissioning, the VDE predictor and 1.65- | Lo:mmgahon scanned from 0 to 170 kA
>¢
the AVA scheme are implemented in our equilibrium controller, and its . igg(,\t__/__ _______ = A ,'i For moderate I,,-collapses (30~70kA),
performance is demonstrated by using “MECS” (Fig. 1). (c) "y ' ' e accessible K is broadened over 0.3
.g. i’ O \,«\"\'. " / VDE
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parameters, e.g., toroidal field, machine size, etc. [Troyon 84, ITER PB 1 (OV)] S(e)o.o
* For fusion output, hybrid control of [,, and VDE is required _05 0.301p/s control values D,,,,g,,,g/:".i '.': X1 5.
o\l?;;me cond|t|ons.of DEMO and JT-60SA (during the integrated commissioning, Fig. 1) for v%hfg (1)(5)1\»..# ' oot ‘ é S
control are highly disparate from present day tokamaks and even from ITER, such as B ——
the absence of in-vessel coils, a large gap between plasmas and vacuum vessels, and § e ,’Dmmg | $
eddy currents flowing in the breeding blanket (DEMO) = z = : = 0 50 100 150
e W (gap)/ R(major radius) = 0.12 (ITER), ~0.18 (DEMO), 0.2 (JT-60SA comm.) t[s] Olp [KA]
e Disruption prevention including VDEs has been extensively explored [e.g., Strait 19], but Fig. 2. Temporal evolution of (a) I, (b) kx, (c) vertical position of magnetic axis,

it may still not be easy to mitigate all disruptions perfectly, which requires forecasting (d) Gy v and the averaged controlled values of (e) P/S, (f) I, and (g) its scan

disruptions before delay time of actuators TEST of VDE DIRECTION CONTROL SCHEME in JT-60SA

NEWLY DEVELOPED CONTROL SCHEME eTypical VDE follows up/down oscillation due to the control

Adaptive Voltage Allocation (AVA) scheme [submitted to NF] eOriginal downward VDE is controlled to upward (Fig. 3bc)

AVA scheme achieves hybrid control of the P/S and the I,, under power supply voltage limits ~ eFor precise VDE prediction, we should evaluate performance of controller,

Position/shape 0Ps =Py — YPs ISO-FLUX control : diff. btw. LCFS and where prediction by n and VZ,ax CaUSES false alarms but is improved by GS,AVA
& | control SYx = Yxnew — ¥x = —Li(lpret — Ip) | control points (P/S) and its offset (1,,)
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516 = M 511) M : mutual inductance of coils
Control & ol a(MPCIP) Mpc: n?utuaTI inductance btw plasma and coils (b) 1.0
Circuit equation M 8_ + e +RI. =V, R: Coil resistance
\_ ) Ip: Plasma current 0.8t
b [ V. (e.g., 10 coil voltages for SA) ] > Power supplies _ <06l
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VDE Prediction scheme Control cycle in JT-60SA: 250 us 0.8} § 0.4
* VDE control to an arbitrary direction could halve the concerns to protect the device from . 0.4l 5 |
either upward or downward VDEs: one divertor side of MGI/SPI is sufficient? LL2 L VDE pred'ct:ed R
b5 11.0 115 120 125 0.0 S TSR
e VDE Predictor: a support vector machine (SVM) classifier with three parameters: | e] | ~0.6-0.4—0.2 0.0 0 2 04 0.6 0.8 1.0
vertical velocity (vz,a), decay index (n-index), newly introduced gain (Gs ava) Fig. 3. Temporal evolution of (a) I,,, (b)  Fig. 4. VDE predicted region (filled), which
e SVM is trained by 17 simulation with 7 upward VDEs and 378/460747 trained/test data vertical position, (c) vy .y, and (d) Gs v Gre projected to (a) (n,v) and (b) (n, Gg ayn)

plane. Typical simulation data without VDE
Mivata PFR12,13,14 | e are also shown by dot points.
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Fig. 1. Schematic view of MECS and JT-60SA during integrated commissioning



