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Introduction
Control problem

EAST Geomsiry

@ Plasma magnetic control 2 _p::g
@ Control the plasma current 15 erit [
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vertical position Uy I AAN SN
e Control the plasma shape o Hm AN
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Introduction

Snowflake configurations
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Introduction

Isoflux plasma shape control

Equilibrium shape and shape targets
@ Let g; be the abscissa along i-th control segment (g; = 0 at the first wall)

@ Plasma shape control is achieved by imposing
Gipes — 91 =0
on a sufficiently large number of control segments (gap control)
o Moreover, if the plasma shape intersect the i-th control segment at g;, the

following equation is satisfied

P(gi) = ¥x

where 1 x is the flux at the X-point

o Shape control can be achieved also by controlling to 0 the (isoflux control)

P(Girgs) — ¥x =0
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Introduction
Control of plasma shape and flux expansion

@ The flux expansion can be controlled directly by using
the shape controller.

@ 1y is the reconstructed flux at the X-point,

@ o, ¥p, Pq are the fluxes reconstructed on the three
points selected to control the flux expansion

@ Assuming that plasma shape control is achieved, then
the control of the flux expansion can be achieved by
controlling (to possibly different values) the following
flux differences

X1 = Yo — Yo = Yo — Px, (1a) -

X2 = Ypr — p ZPpr — x, (1b
X3 = Yo — Ya = o — Px. (1c)
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Introduction
Contributions

@ Validate a set of Matlab/Simulink simulation tools for the EAST
tokamak

@ Propose a control architecture for integrated plasma shape and
flux expansion control at EAST

@ This work has been carried out within the framework of the
EUROfusion Consortium and has received funding from the
Euratom research and training programme 2014-2018
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EAST simulation tools
The CREATE tools

@ The proposed EAST simulation tools are based on the CREATE equilibrium
codes

@ CREATE-L and CREATE-NL+ are two plasma magnetic equilibrium codes

@ both are capable to generate linearized models that describes the behavior
of the plasma/circuit dynamic around a given equilibrium

Plasmal/circuits linearized model

Sx(t) = AdSx(t) + Bsu(t) (2a)
Sy(t) = Cox(t) + Dsu(t), (2b)

with
.

ox=(6ly 8l 6l ) andsu=( sUy Up blc w 6w )
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EAST simulation tools
Existing EAST Plasma Control System (PCS)

In order to validate the CREATE models, a Simulink version of the
existing EAST PCS has been built

PFC Current Controller

Y Ves,.,
12 SISO PIDs —
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EAST simulation tools
Model validation - EAST pulse # 56603

Ip - pulse # 56603
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Figure : Comparison between simulated and experimental plasma current .
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EAST simulation tools

Model validation - EAST pulse # 56603

Fast Z control - pulse # 56603
T T T
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Figure : Comparison between simulated and experimental current in the
in-vessel coil /¢ used to control plasma vertical position z,.
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EAST simulation tools

Model validation - EAST pulse # 56603
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Figure : Comparison between simulated and experimental flux control errors.
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EAST simulation tools

Analysis of the plasma vertical stabilization with the existing EAST

PCS

@ By means of a model-based analysis, at EAST plasma vertical stabilization is
achieved by combining the control actions of both the “Fast Z” and the Plasma
Shape and Position Control

@ “Fast Z” slows down the vertical instability (i.e., moves the correspondent
unstable eigenvalue closer to the imaginary axis) driving the current into the
invessel coils by using a fast power supply

@ The plasma column is then vertically stabilized using the slowest
superconductive PF circuits.

@ Given such a behaviour, when designing a new shape controller the vertical
stabilization should also been taken explicitly into account, making the overall
control task particularly difficult
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Proposed Architecture

Control architecture

Shape descriptors (X-point position, flux at control points)

Plasma current (1)

I, reference——>|

Plasma Current
controller

PF Coils current

o O PF Coils current

controller

Shape =
rvforou(-,u'>(* ) >

Shape controller

Vertical Stabilization]

Current feedforwards

controller

VS controlled variables (Z,, In-Vessel Coils current)
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Proposed Architecture

Proposed vertical stabilization

In order to achieve decoupling between the plasma position and the
plasma shape control, the following vertical stabilization controller has
been designed and validated in simulation on different equilibria

_ 1+ smq (K1(Ip)5

V =
IC(S) 1+8m \1+87m3

Zpast(S) + Kzl/c(3)> ; (3)

where
@ typically 71 > 7 > 73;

@ the plasma vertical velocity zs,g is obtained by filtering the
real-time reconstruction of the vertical position;

@ all controller parameters can be kept constant, with the exception
of Ki(/p) which must be scaled according to /y(t).
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Proposed Architecture

Robustness analysis

Nichols Chart
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Figure : Nichols chart of the open-loop SISO transfer function for three different
plasma equilibria.
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Proposed Architecture
Integrated shape and flux expansion control

The design of the integrated control is based on the static model

or(t) cl
6z¢(1) cl .

— | % | Slore(t) = C*olee(t), 4
Sxoo(t) Co pr (1) e (1) (4)
5Xfe(t) Cfe

@ The plant (4) is non-rightinvertible

@ Given a generic set of references, the best performance that can be achieved in
steady state is to control to zero the error on linear combinations of controlled
variables, to be chosen using the Singular Value Decomposition (SVD) of a
weighted version of the C* matrix (XSC-like controller)
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Simulation results

Control points

Equilibrium shape and shape targets
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Simulation results

Simulation results

Flux errors at the control points
Fluxes in the at the two points in

the scrape-off layer

et — :

10 Emroron seg #3| [—"]
i ' ~—
=0 < - Bl
29 AT

6 8 10 12 ]

Tinels . . . . . . . . .

10 Emoronseg#s 3 7 8 9 1?111@ el 12 13 14 15
) Flux expansion #2 _;e’
e T "]
Z 0.03 |

s 8 1 1 1w s 8 10 1= 1 T

Time[s Time[s &
£ 002 _ 1
£ 001 L . . . \ . . . .
; 8 7 8 9 10 1" 12 13 14
. Timels|
6 8 10 12 14 6 8 10 12 14
Time|s] Time|s]

19/20

G. De Tommasi (Federico ) 2016 |IEEE MSC — Buenos Aires, Argentina 2016



@) EUROfusion 2 gm;?

Conclusions
Conclusions

@ A set of simulation tools has been validated against the EAST
experiment

@ A new architecture for the EAST shape controller has been
proposed

e to perform integrated control of plasma shape and flux expansion
e to decouple the vertical stabilization from the plasma shape control

@ First experimentation are planned in late November 2016

Thank you!
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