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Background

e Recently published ST-FNSF / Pilot Plant paper
required vertical stability projections

e Used rigid plasma model, LRDFIT / ISOLVER
structure model and code infrastructure

 Benchmarked against NSTX natural VDE data
with coll voltages frozen - plasma drift

» Assessed FNSF drift recovery vs. vertical offset
— Determined marginal AZ/a vs | and wall position
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Rigid plasma vertical growth rate model

For a vertically unstable plasma with velocity far below the Alfven speed, plasma inertia
can be ignored and the plasma motion away from the neutral point z; can modeled as
an equilibrium force balance with the J x B force balanced by the opposing force from
image currents [, in nearby vessel or other passive conducting structures:

2-/dem%:2-/d\/f><§+1“v[vm0 (1)

The vessel or conducting wall current 1, is induced by the plasma motion or velocity
Z =dz/dt. 1f the vessel / passive conductors have self-inductance L,, mutual inductance
to the plasma M,,, and current decay rate A\, = R,/ L,, then:

2
L1, = Y(t)AF. Y(t) = e M / e (3 20)dt! (2)
M., Ol . B . OF'.
AF. = 2T, L:a—; F,.=z. /dVJé. X Bp ~ il (2 — 20) (3)
I,
082 (z—20) + Y()AF. =0 (4)
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Growth rate dependence on stability index f

N dd_i (>~ 20) + Y()AF, = 0 (4)

Y=-NY+3/20 = Z+72="2% (5)
_ /OF.\ ,/AF,

SRUSNES o
_ NS

1= (7)

[ <0= stable f > 0= unstable f > 1= ideally —unstable (8)
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Two eigenmode growth rate model

In general. the force on the plasma from plasma-motion
induced 1mage currents can be expressed as:

t
F.U[U — ZYKU)AFK Yk_ (f) — E?)\kf/ t?)\kt’(Z:/ZU)dtf (8)
k=1

A more accurate yet analytically tractable approximation is to fit the full response force
to a reduced model with two image current decay times Ay and Ay and corresponding
force coefficients AF} and AF5. The corresponding equation for the vertical growth-rate

~ then becomes:

Y T g =2 _aho o _ Ak
d—|—817+)\1—|—82f}/+)\2—0 d = 9~ y S1 = - So = - (9)
6 =51+ S0+ d h = d()\1 + /\2) + S$1 Ao + So\ C = d)\1)\g\ (10)

—b — V/b* — 4dac
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\ “ Y,
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Passive current force in reduced model
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Simulated y 10-15% higher than expt
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Model for vertical position dynamics

OF,
0z

Zj = Z(t — tj) FZ(Zj) -+

Azjor+ Y Yiltj41)AF + xjq1 =0

WA

Depends linearly on Az, Eorce from
= Solve for Az,,(Az;, ...) control coils

Zj

» Assess ability to recover plasma from vertical offset:
— Let plasma drift exponentially to vertical offset AZ
— Apply step voltage to control coils
— Determine if coil force can return plasma to mid-plane

— Assess power vs. max offset AZ_.., as metric for controllability
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Example controllability calculation for FNSF

Vertical growth rate [ms’ ]
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Possible future work / iIdeas

 Benchmark against NSTX-U (when we get
some uncontrolled drift rate data)

e Correlate NSTX / NSTX-U controllability vs.
open loop growth rate and/or stability index

e Complete / extend dynamical model for

modular closed-loop control simulations

— Optimize sensor positions, assess EFC/RWM coills for n=0
— Implement n=0 stability calculator in PCS and/or TRANSP
— Adjust elongation based on calculated marginal point?
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