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Recent VALEN calculations
Frequency Response for NSTX
mode stabilization coils
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Columbia University
 recall previous predictions (growth

rate vs. normalized beta )

 Frequency Response Calculations
for exterior & interior coils in NSTX

e Conclusions



Interior mid plane control coils sustain

049 of ideal wall limit

Data from "NSTX.04.2002"

Sensors and control coils
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Cut away view of NSTX
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049 of ideal wall limit

Data from "NSTX.04.2002"

Interior mid plane control coils sustain

3 pair of interior mid plane

control coils
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Typical eigenvector interior control colls
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growth rate ( 1/s )

Exterior mid plane control coils sustain

2% of ideal wall limit

® 3 pair of exterior mid plane
control coils
Data from "NSTX.04.2002"
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Exterior mid plane control coils sustain
/2% of ideal wall limit

Cut away view of NSTX

® 3 pair of exterior mid plane
control coils

Data from "NSTX.04.2002"
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Typical eigenvector exterior control coils

=l

0

5%
%

=
=

i
KA
il

{/

Eigenvector shown is on the

ideal branch of the
dispersion curve

SyavE

S I — =
NS

et
S
[e)
n O
2= o
c E3
SL20
T =
»3 2
Slt
OO S
>S+= Q
— O
E
5.0 0
u | -
o9
C o X%
> >0

108 y=0.67e+4

L Gp:

®



Frequency Response Analysis:
convert a steady state transient
problem into linear algebra
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recall skin depth:

|lmportant dimensions:

plasma edge @ R = 1.56m

NSTX VV Wall R~17m
thickness = 5/8" = 0.01587 m

coils: 58. degree toroidal span
coils:. z = +&- 045 m span

exterior colls @ R
Interior colls @ R



current in coil and wall (amp)

Data from

"FRNSTXO03"

NSTX exterior coil set
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field at plasma edge per current in coil

gauss / amp

Data from "FRNSTXO03"
NSTX exterior coil set
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(degrees)

relative to driving voltage
current, wall current,

fileld @ plasma edge

phase
coil
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current
wall current & field at plasma edge (degrees)

phase relative to coil
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Data from "FRNSTXO03"
NSTX exterior coils
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current in coil and wall (amp)

Data from "FRNSTXO01"
NSTX interior coil set
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field at plasma edge per current in coil

gauss / amp

Data from "FRNSTXO01"
interior coil
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relative to driving voltage
coil current, wall current, field at plasma edge
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current

phase relative to coil

wall current & field at plasma edge (degrees)
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Data from "FRNSTXO01"
NSTX inetrior coil set
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gauss ( plasma edge ) / current in colil

field at edge of plasma
comparison exterior & interior coil sets
Data from "FRNSTXO01"
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relative to driving voltage

phase
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field at plasma edge

field at edge of plasma
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phase wrt current in driven coil

field at edge of plasma
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CONCLUSIONS
VALEN FR analysis

« VALEN NSTX Frequency Response
analysis shows NSTX with exterior
coils mayreach Bn =6.1 @ 30 hz,

6.4 @ 80.hz ( this is the limit ! )

« VALEN NSTX Frequency Response
analysis shows NSTX with interior
coils may reach fn =6.8 @ 450 hz

« with exterior coils phase lag (wrt
current at 30.hz) is 48. degrees, 50.7 if
we have extra lag from power supply

» with interior coils  phase lag (wrt
current at 30.hz) is 43.3. degrees,
46.1 if we have extra lag from power
supply. At 450. hz lags are 44.7 &
83.8 respectively.

 skin depth effects make NSTX VV wall
opaque at 775. hz



