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0. Introduction 1. Control System Model

A system for electron density control on tokamak plasma discharges of the System Evolution Equation

n=NVol density.

RFX-mod experiment (R/a=2.0/0.46 m/m, toroidal field up to 0.55T, plasma

of the total number of principal gas particles N:
current up to 150 kA) has been developed, implemented and subsequently AN N N Vol plasma volume. .
routinely used during experiments. L _ 4L R— 1 - DPext  gaS f'UX from. by prf'nfo’ valve.
dt T, T, ext Ty particle confinement time.
R Recycling factor, fraction of particles reflected back to plasma
from wall (varies significantly).
2 . SyS te m A r C h i tEC tU r e LG yO U t ; Control System Parameters ; Actuator parameters ; Plasma parameters
.param Tdelay=4E-3 Tc=4E-3 .param Vopen=50 Vmax=90 Flux=9 .param Vol=9 taup=20m
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 The system integrates the existing infrastructure, without addition of
new hardware.

e A new GAM module has been added to the MARTe real time
framework to handle the density control.

 The software for the gas control system has been updated to receive
commands from real time server.

— recycling= 0.98
— recycling= 0.95 ||
— recycling= 0.90
recycling= 0.85
— recycling= 0.80 ||
recycling= 0.70

* Asimple Pl regulator gives satisfactory results for
typical required evolutions.

e R>0.95is considered a situation that requires a
first wall conditioning, even without control.
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3. Density Measurement 4. Gas Puffing Valve Control 1,
100.1
Reference measurements of the electron density are from microwave or laser interferometry Asynchronous control, through UDP packets
¢ ) 80.0
. Good' degree of éccuracy. | L lels | | | | | The gas system accepts three parameters: V1, T1, e R A | e T !
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required to ensure its opening in few millliseconds.

A new technique for density measurement suitable for real time has been implemented

 Reliable
e Easy to manipulate 5. MDSpIUS User Interface The control system is managed through
* Less emphasis on precision (B araetirs o IOV specific MDSplus devices.

| File

An user-friendly interface is exposed to the
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= osf \ T omsr o 739053 _ 6. An Example of the Control System in Operation
S 04| — 739053 ! 2 25| — SXR 75um #39033 | H mode
ol e transition ] ] ..
o 0.3} —  Bt(a) #39033 g 29 An experiments with a biasing
y — = 1.5} g .
2 0.2 Bp(a) #39033 <y density from interferometer 39033 electrode applied to the plasma
g ﬁ gl 8.0618 diamagnetic density 39033
S 0.1 0.5 A A
0.0 b—— : : - ' — 0.0 6.0e18 b A e t=06-0.67
= e ' 1500 — ' ' ' ' ' 40818 i /;A f-a”""h The bias voltage is applied (about
66 — Diamagnetic <p> #39033 — Te #39033 m& » NJ':A \\ mf/ \‘ S N )
‘ | q \ 20918 N NV N W '\%‘ 200A @400V ), an electric field is
__ 1000} 1 0 0.3 0.6 0.9 ot 0.3 0.6 0.9 . .
> ., —— sanary & reredes 9500 creajced and there is an increase
o 40 5.0e18 i\ particle flux form the wall to the
500 | , :
ao| A "M“ l‘ ' 40818 2 ..w"‘h\\ plasma (Ha increases).
. . . . . . 2‘0 | .uLm.N-mm.. ‘ i l. S0t M Wﬂ?‘ 4 jr Vo The controller cuts off the gas
0.0 0.2 0.4 0.6 0.8 1.0 1.2 ' ' ' ' ' ' ’ L . —_ar
Tt R - ,Jﬂﬁwmﬂwﬂﬂlﬂmlzwuﬁﬂmw L
w " w, " o | | ¢ t=0.67-0.85
__ glels | | | | | o 0.3 08 0/ 0.3 0.6 0.9 | t=0.6/-0.
s 7H{ — ne = <p>/Te #39033 Radial Magnetic Field - 39033 1200 V gas valve -38033 An instability is triggered (radial
= 6} — interf. #39033 : : :
o ne me d lionb I field signal), the particle
g4 " MMJM“O || confinement is degraded and the
S 3 Ty ™ Y co 0 —F— IL | I PSS N A || density decreases.
g1 ' ‘ W ‘ ’ | | ‘ ‘ The controller restarts the puffing
© 050 0.2 0.4 0.6 0.8 1.0 1.2 0s W °3 i % | o5 Il | 0§ 1] los I
Diamagnetic vs interferometric measurements Biasing Electrode '. t=0.85-0.95
 Discrepancies mainly come from X-Ray emission profile, drifts of magnetic turn on Finally the plasma enters the “H-mode” state,
measurement and plasma shape. the instability is suppressed and the particle
« Relatively reproducible, so can be compensated in the reference waveform by the confinement is doubled (Ha drops). The
operator. density increases.
Note: diagnostic systems of REX had been designed for Reversed Field Pinch The controller cuts off the gas

configuration, and in this condition many signals are close to their noise floor level.



