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Uses for the Equilibrium Magnetics

Offline Equilibrium Reconstruction
— EFIT, LRDFIT, GA Kinetic EFITs (BEFIT?)
« Critical for physics analysis
— Ciritical for appropriate operator decision making (EFIT)
Online Equilibrium Reconstruction

— rtEFIT
* Provides the basis for shape control.

Basic plasma position control
— Early in the shot before switching to isoflux control

Fast vertical position control
Interlocks
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Outline

« Uses of the equilibrium magnetics

« Locations and types of sensors
— Mirnovs & flux loops & voltage loops & rogowskis

« Signal processing chain
— Offline vs. online

e Oddball stuff
— pecomp
— | calculator
— Magnetics for gap “shape” control.
— Difference voltage for fast vertical position control.

NSTX NSTX Operators Course: Equilibrium Magnetics (Gerhardt) Feb. 9t", 2009



Naming Convention For Sensors

Locations and Orientations

PPP = Primary Passive Plate IBDH 2 ;
SPP = Secondary Passive Plate —
IBDV = Inboard Divertor Vertical Part

IIIII1TI1TIIII1

M t=800msec

oBD 133964

135440
134837

IBDH = Inboard Divertor Horizontal part. IBDV >

CSC = Center Stack Casing ary PPP

OBD = Outboard Divertor N §

EVV = External to the (Outer) Vacuum Vessel cscC -

IVV = Internal to (Outer) Vacuum Vessel T W]

OH = On the Solenoid g | ‘Q- vV
U = Upper - ~EVV
L = Lower = ]

M = Midplane N

N = Normal

T = Tangent

Sensor Types

1DM = One Dimensional Mirnov

2DM = Two Dimensional Mirnov

FL = Flux Loop IBDV
Rog = Rogowski

Ground Classes IBDH |~ 1 | 1
Category 3 = Inner Vessel p '1,01 - 11_51 - '2.ol l
Category 4 = Outer Vessel R (m)
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Plasma Current Rogowskis

IIIIIIIIIIIII
t=800msec
133964
135440
134837

F——o0
ACQUTPUT
——

INTEGRATOR

Z (m)

« Two plasma current rogowskis external to the vacuum vessel.
— Measure the poloidal field due to all linked currents.
« They are references to inner vessel ground (Cat. 3).
« The link, and measure currents in:
— The plasma
— The PF-1B, the PF-AB1, and PF-AB2 coils
— The chamber

» Necessary to remove the signal from PF-1B and the vacuum
chamber in order to measure the plasma current.

— Vessel currents exceed the plasma current during the L I I

breakdown and early current ramp. 0.0 0.5 1.% - 1.5 2.0
m

EEEH
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Flux Loops

R loop

= [[B,dA=2x [RB,dR
0

10 on the outside of the
outer vessel (EVV).

10 on the inside of the
outer vessel (IVV &
OBD).

* 16 Behind the primary
and secondary passive
plates (PPP & SPP).

9 on the center column
(OH & PF1A)
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Voltage Loops

NSTX voltage loop Iocatlons o

« Same as a “flux loop”.

— We just don’t integrate the
signal.

* 5 Measurements on the
iInner vessel

e 12 measurements on the
outer vessel.

12 measurements on the
plates themselves.

00 05 10 15
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Mirnovs
(i.e small solenoids for local field measurements)

TX B-loop locations

NS
i pm HHHE

Some have two sensors wound on
the same mandrel. B iwgy
— 2D sensors mainly located in the /
divertor.
— Normal to the PFC surface (N)

— Tangent to the PFC surface (T)

2DMOBDL1 & 2DMOBDL3 were
replaced this past opening as part  _
of the LLD installation. 50

Sensors mounted:
— Between and behind the passive
plates. | L
— Inside tiles on the center stack I o
casing. ‘ ) <,
— Inside tiles in the divertor. _
 Outer [ B ‘_" 3
* Horizontal Inner
* Vertical Inner S
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Hardware Signal Processing Chain

Sensor:
Mirnov, Flux Loop

CAMAC Digitizer (908)

Voltage Loops Only

Realtime Digitizer (SAD)

CAMAC Digitizer (908)

O

Vacuum /'

Feedthrough

Integrator

1 dB Realtime Digitizer (SAD)
B Volts — f !
(RC)Y  at

1 rdy
-—[ZX4
onlts (RC)f dt t

Some Voltage Loops

| 1, Calculator Box |

NSTX
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Signal Calibrations

« First subtract a (linear sloping) baseline from the signals.

« Each sensor has many calibration coefficients.
— Effective area
— Integrator time constant RC (“Gain” = 1/RC)
— Pickup coefficient for TF & other sources.
i= NumCoils
B = @Bmlm B Epili
« Same calibration coefficients (with 1 exception) are used off- & on-line.
— Offline: Used in tdi function calls.
— Online: Done in ACQ.
» All of these coefficients are stored in the MDS+ model tree.
— The “tree” is the database structure where all NSTX data is stored.

— Some of the data in the tree is known before the shot starts.
« Calibration coefficients, digitizer timing,...

— Model tree contains all calibration data, places for shot-specific data.
— Before each shot, the model tree is copied over to the shot-specific tree.
— The coefficients are only read into ACQ from model tree when ACQ is started.

e If the coefficients in the model tree are modified, ACQ must be restarted in
order to get the most recent coefficients.
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Comparison of Online and Offline Data: pecomp

\F_FLOBDU1 RAF_FLOBDU1 \F_FLOBDU2 RAF_FLOBDU2 \F_FLOBDU3 RAF_FLOBDU3 F_FLOBDL3 RAF_FLOBDL3
T T T T T T T T T T T T T T T T

- Procedure I P I
* Openidl HE £ : .
- Type “pecomp” _ _ '
« Compare offline and online ]
versions of most sensor data. PR [ RS R ISR R
+ Note: not all sensors are “good” o
all the time. A —— T s T — pp— S
«  SPG repairs them as best ] ] |
possible when the break. ; .
- Important to have only good 2 2o 3o :
sensors in the constraint set for ] ]
rtEFIT.
- Generally worked out e a'mmi T e o'mmi o P ;m(s}i A P ;‘imi —

between Steve Sabbagh,  FLWL2 RAF LWL

Dennis, and SPG...but e o
sensors can break at any

time. oof 1

* rtEFIT sensor usage is part of

the “snap setup”, and it NOT ]

restored with the shot.

WF_FLIMVLT RAF_FLIVVLA
T T T T

0y

1l 1
[RFY

-1.0 L L L 1 -1.0
2 -1 a 1 2 2 -2 -1 a 1 2 a
fimeqs) fimets)

coil currentsl plasna currentsl |div IWW flux loopsl spp ppp flux loopsl ex-vessel flux lnnpsl cs flux lonpsl

loop voltages wl loop voltages cs/platesl cs mirnnvsl gap mirnovsl obd mirnovs] ibd mirnovsl

rumef us Fulll rumef ud Full] rumef ls Full] runef 1d Fulll runef us pcs| rumef ud pcs| rumef ls pcsl rumef 1d pcs] rumef B mag phase

Shot | 129125 QuIt
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I, Calculator (1)

* Rogowski links plasma, vessel, and PF-AB1, PF-AB2, &

PF-1B coils.

* Need to know the plasma current in realtime for some

interlock applications.

— Interlock on neutral beams.

— Interlock on HHFW.

* Need realtime subtraction of other currents from the

rogowsKi signals.

— Not “stray pickup”, but rather real current.

— Easy to subtract off parts from coils...we have direct
measurements of those.

— Need to measure vessel currents in real-time.

Vessel %inent

Measurement Loop

Vloop=R segment x1 Segment

Z(m)

j Ii FLIWL1
‘ fﬂ PPPL2
-1 —

FLEWU2
-~ FLOBDU1

FLEWU4

r \./_FLS

17
j xl_FL PPPU2
. @FLOHU2 rFUWW

 FLEWU?

FLPF1AU2

N

FLEWUS5

 FLEWL7

R(m)
D. Gates et al., Rev. Sci. Instrum

NSTX
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I, Calculator (2)

Flux Loops on the Inner
Vessel (Cat. 4)

A

Flux Loops on the Outer Vessel (Cat. 4)

Rogowski

( 2\

CIHOTH 1

(13d)1

(@131 P alad] ®_<_M <+

(A/V000) (BT3d1+]

D. Gates et al., Rev. Sci. Instrum
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Magnetics For Early Position Control

" OH
« Typical NSTX shape control sequence 2"/ P ’:’_Al‘{wppzu
— 0-20 msec.: pre-programmed currents VNl - __PF3U
— 20-90 msec: gap-control | )
» “shape” or pcc 1
— 90 msec-rampdown: Isoflux ? i ’f:_"“
« Gap-control phase (“pcc’) relies on a \
limited number of magnetic sensors. ., WSS, AN
— Flux and field at the midplane CSC. /
— Flux and field on the primary passive i
plates. = prgl
 If these sensors fail, it is unlikely that the i \
plasma will survive to the Isoflux phase. °
— This is a not uncommon problem. i L= PFAL
2 T\P-FTBM PF2L
1PF1ALM i L L !
00 05 10 15 20

R(m)
See D. Gates et al, Nuclear Fusion 46, 17 (2006)
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Fast Vertical Position Feedback

IIIIIIIIII

Isoflux shape control is not fast enough to stabilize R
plasma against vertical instability. Z R t=800msec |
Extra feedback term in acqcategory master.h. jaa8%7 |

134837
— Flux difference:

W =Yprpyy = WperLa 1L
— Voltage difference: [ i
- % \PPPU2 g
d(&lp) _ AYpprys _ AYppprs _V _y ! 3 -
dt dl’ d t PPPU?2 PPPL?2
— Extra term in control: £ of :
N

D d(aw) + Poy

Ver_sww = Ver_av ssofue T i
_ PL2
Vo uy =V - DM — Py i :
PF-3L PF-3L,Isoflux dl_ 1k _

The filtered voltage difference is calculated in
analog in the test cell and digitized.

— If that box doesn’t work (unplugged, turned
off,...), there is no fast vertical position control. 0.0 R (m) 20
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