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e Advanced plasma confinement schemes = current density profile
control

= representative RT model of plasma physics for control synthesis
e Focus on the magnetic flux dynamics,

e Include bootstrap effect, poloidal, LH, ECCD, (FCI).



Il. Model dynamics

Hypothesis:

e cylindrical coordinates,

e neglect diamagnetic effect.

+ Rij'(x, t)

A
Inputs: -
« Poloidal, i
° LH, = Flux Diffusion g jia q, I, Vloopa
e ECCD, L ,89, W fhen
e ICRF. A
= System dynamics [Blum’89, Brégeon & al’98]:
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with ¢/(0,7) = 0, y'(1,1) = f(I,) or yu(1,1) = f(Vioop) and IC.

5



Resistivity, temperature and density profiles

e Resistivity [Hirshman'77]:

ny(t) = f(Tesne, Z) o< T, *(n,, Z)

e Temperature: direct measurement or [ITER'99]

T = CIL/B, Pi," M™MR e k™
. W
W = P+ —
Tth
4 2
<T,> = = T, (x,t) = To(1l — x*)'7T

6(1 + ar;)m?e < n, > 62/<R8

e Density (average or interferometer):

Neo = e and ne(x) = ne(l - x)/n)



e Bootstrap effect:

— self induced current,
— nonlinear component [Hirshman’88]:
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lll. Model inputs

e BC input from the poloidal coil:

V. = Rd.+Ld.+Ml,
1oL .
Vioo = MIl.———|—|=¥,
oo © Lot| 2 v

Local control loop: set V. according to 1, ;. OF Vigop.rer-

e Distributed current deposit from the antennas (LH, ECCD)
= Engineering approach with gaussian approximation:

2
ni(x, 1) = H(p)e~WO=D7/20()

e Temperature profile modification (ICRF, LH).



e Current deposit between R* and R, with [Giruzzi’'87, Giruzzi & al’91]:

1/2
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LH current deposit

E. 0 ~— e Currentdrive efficiency [Goniche
& al’05]:

measurement

gaus. approx. nlh(t) — 3.39D2.26T?}.l46z—0.13,

HXR emission
ey
3
S

with D,(7) ~ 2.03 — 0.63N

0 0.1 ;jhxroa O%h;: xO.G 0.7 0.8 0.9 1 . .
e Deposit magnitude:

e Deposit shape:

— directly from HXR measurement, Py,
- . L) =
— scaling laws: 7i.Ro
A ay 2 a a _ Ilh
Whxr = @0 B I 3Plh 4]V// ﬁlh(t) —

Dra’ j(‘)l xe_(llhxr—x)z/zo'lhdx
:ahxr — ﬁOBgélgzﬁ'&Plh&lN//ﬁs
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IV. Discretization/Computation issues

e Main dynamics

— variable step spatial discretization:

(X Dex = Nyi; (€1¢i+1,j —e; i+ e+ ROjnii,j)

— Implicit-explicit temporal discretization:

(Wi,jﬂ — i

St ) =h L.b(xia t)ex + (1 _ h) Q.b(xi, t)lm

— final computation:

Aiir1jVir1; + AiijVij+ Aii-1j¥io1,
—Biiv1,j¥ir1,j+1 — Biij¥ijg1— Bii-1,j¥ic1,j1+S5:,;=0
_— _1 . . _1 .
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e Boundary conditions

— central point not well defined:

1 22y 4 4
2 Vi , 4
xz%/z &%(tﬁz lﬁl)

~Y

T Oxp/4 012 TS

X1 0 xOx x@x

Y'(x,t) 0 R 10 l azp]

— border condition with 1,,: set y/(¢) such that

I, - 27ra2f xXjp(x, Ddx e M
0

(computation error compensation)
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V. Experimental/simulation results

e shot TS 33632: T'(x, 1) and n(x, t) modulated with IRCF, and 7, = 1.0 MA,
By, =3.19,n,0=45-3.0x10""m™.

e Temperature profile:
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e shot TS 35109: variations in Ny, constant /,, (0.6 MA) and power input
(1.8 MW).
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e Comparison with CRONOS: take T,;, e Plasma current and induced voltage:

Nei, Min @S INPULS. 1., n.; as inputs
q profile Ip
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Conclusion

Efficient model to represent the main control-relevant profiles,

Fast computation (~ 1.4s for shot TS 35109 with 101 points) which allows
for RT use,

Variable step spatial discretization = reduce the number of points (i.e.
20),

Still needs to be validated for LH (7, profiles) and FCE.
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Prospects

1. Short term: “numerical” method: set the (stochastic) gradient descent
with the model as an estimator:

o T,;, n.;as inputs, control g(x;,7),1 = 1..m,
0 ..
® use Yy, to compute (gr.r — gm) and § = 0—61 over a finite number of
Ui

steps — optimal nonlinear control,
e applied to infinite dimensional systems with stochastic inputs (TdS) —
robustness,
e associate with CUMSUM algorithm (threshold, i.e. on T, + KF) to
trigger u; computation — adaptive/NLMP control,
= reference performances.

2. Backstepping with distributed inputs (?)
3. Differential flatness (?)

4. PDE — FDE: Neutral system control (?)
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