
1 

Pedestal Control via 3D coils, gas, LGI and EHO coil 
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EHO Coil Assessment: EHO 3D coil interaction 

• Asses EHO Coil for NSTX-U 

• Reduce the EHO frequency as 
low as possible (scenario 
development, magnetic 
braking). Can we get to 1kHz? 
There are some 1.5 KHz modes. 
Can the SPAs at all useful close 
to 1 kA? 

• D3D, Lanctot initial I-coil EHO 
interaction 
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the axisymmetric poloidal flux ψp related to the axisymmetric
poloidal field by

Bθ = −∇ψp × ∇φ. (A.6)

The local nonaxisymmetric radial field B̃r is related to a
nonaxisymmetric poloidal flux, ψ̃p, defined so that

B̃r = −(∇ψ̃p × ∇φ)r = − RoBo

qBθR3

∂ψ̃p

∂θ
. (A.7)

For small displacements, the radial displacement in poloidal
flux of a magnetic line under the influence of B̃r is

dψline = (∇ψp)r
B̃r

Bφ

dsφ = − 1
q

∂ψ̃p(θ, φ)

∂θ
dφ, (A.8)

where equations (A.6) and (A.7) were used, ψ̃p is evaluated
at the local θ of the line, and φ is a convenient independent
variable for tokamaks. Now consider the single sinusoidal
harmonic ψ̃m,n cos αm,n of ψ̃p, where ψ̃m,n is a positive number,
and αm,n = n(φ − φo) − mθ has m poloidal and n toroidal
periods and is exactly pitch resonant with the unperturbed line.
The line displacement becomes

dψline = m

q
ψ̃m,n sin αm,ndφ. (A.9)

Let ψs be the value of ψp on the unperturbed resonant surface.
The background magnetic field is sheared, so as the line moves
radially from the resonant surface, the line also advances or
lags in phase αm,n relative to the unperturbed line, due to
dq(ψp)/dψp. Neglecting the smaller contribution of B̃θ to
the changing phase, the changing phase at the line obeys

dαm,n = m

(
1

q(ψs)
− 1

q(ψs + ψline)

)
dφ = m

q2

dq

dψp
ψlinedφ.

(A.10)
Eliminating dφ between equations (A.9) and (A.10) yields an
equation that can be integrated for ψ2

line as a function of αm,n

in the usual way. The widest closed line trajectory that crosses
the unperturbed surface defines the full width of the island,
which in units of poloidal flux is

wp =
√

16
q

q ′ ψ̃m,n, (A.11)

with q ′ = dq(ψp)/dψp.
SURFMN calculates B, from which it obtains B̃r on a

surface. It does not calculate ψ̃p, so equation (A.11) must be
recast in terms of a correctly Fourier analysed B̃r . The two-
dimensional Fourier analysis of ψ̃p in helical harmonics can
be written as

ψ̃p(θ, φ) = ψ̃0,0

2
+

∑

m,n

[ψ̃c,m,n cos αm,n + ψ̃s,m,n sin αm,n],

(A.12)

ψ̃c,m,n = 1
(2π)2

!
2ψ̃p cos αm,ndθdφ, (A.13)

and similarly for the sine coefficients. The double sum is for
−∞ < m < ∞ and 0 < n < ∞, excluding m, n = 0, 0. The
double integral is 2π each around the poloidal and toroidal

directions. The Fourier coefficients of the product (J B̃r ) are
calculated in the same way. In accordance with equation (A.7),
the Fourier amplitudes are related by

(J B̃r )m,n = mψ̃m,n. (A.14)

Note that the B̃r field corresponding to a sinusoidal flux
harmonic is not sinusoidal in θ in the magnetic coordinate
system. However, we define a surface-averaged equivalent B̃r

Fourier harmonic amplitude,

Bc,r(m,n) ≡
!

JBr cos αm,ndθdφ!
Jdθdφ = S

, (A.15)

and similarly for the sine coefficients. The amplitude
Br(m,n) = (B2

c,r(m,n) + B2
s,r(m,n))

1/2 is the physical harmonic
amplitude in the high-aspect-ratio circular cross section limit,
and it is a logical extension of the definition to low aspect
ratio and noncircular plasmas. Noting that the numerator
in equation (A.15) is (2π)2 times the Fourier coefficient
(J B̃r )m,n, equation (A.14) yields

ψ̃m,n = S

(2π)2m
Br,m,n. (A.16)

Then the island width, equation (A.11), can be written in terms
of the surface-averaged Br,m,n as

wp =

√
16
m

q

q ′
S

(2π)2
Br(m,n). (A.17)

SURFMN actually uses normalized poloidal flux ψN as the
radial coordinate for island width calculations. It is defined as

ψN =
∣∣∣∣

ψp

'ψp

∣∣∣∣, (A.18)

where 'ψp is the difference between ψp at the magnetic axis
and the last closed flux surface. ψN ranges from 0 at the
magnetic axis to 1 at the last closed surface. The island width
in units of ψN is simply

wpN =
√

16
m|'ψp|

q

dq(ψN)/dψN

S

(2π)2
Br(m,n). (A.19)

In this paper, we use
√

ψN as the radial coordinate for plots,
in order to facilitate comparisons of our results with previous
work by others [16, 17, 25]. We still calculate island widths
in units of ψN according to equation (A.19), and then we take
the square root of the resulting island endpoints to obtain the
widths in units of

√
ψN. The radial variable

√
ψN has the

advantage of being close to the physically intuitive r/a, while
ψN has the advantage of expanding the narrow, high-shear
pedestal layer twofold.

The formulation of island widths and Br(m,n) calculation
were tested in various ways. Cases of widely separated islands
were checked against Poincaré plots of integrated magnetic
lines for the same field sources. Another test is to make
Poincaré plots for the combined fields of two very different
sources whose relative amplitudes are adjusted so that the
net Br(m,n) should be zero at a selected resonant surface, if
the individually calculated Br(m,n) were correct. This is more
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Filter Scope (Dα) 

ECE 
 

 
ELM Detection 

 

 
I(A) = min (I(A)| 

#ELM=0)  
 

	
  

•  In	
  real-­‐)me	
  calculate	
  3D	
  perturba)ons	
  
due	
  to	
  3D	
  coils	
  

–  Use	
  surmnf	
  to	
  convert	
  to	
  straight-­‐line	
  
field	
  coordinates	
  

–  Find	
  the	
  orthogonal	
  component	
  Br(m,n)	
  	
  
–  Find	
  the	
  island	
  size	
  and	
  σchir	
  

•  Control:	
  
–  Choose	
  rela)ve	
  phase	
  of	
  the	
  coils,	
  I(θ),	
  

maximize	
  kink	
  or	
  σchir	
  

–  The	
  amplitude	
  of	
  current,	
  IC(A),	
  
minimum	
  current	
  with	
  no	
  ELMs	
  

•  Test	
  different	
  ELM	
  mi)ga)on	
  
mechanisms	
  



Adap%ve	
  ELM	
  Control	
  

•  Control	
  the	
  I	
  coil	
  amplitude	
  
based	
  on	
  the	
  ELM	
  frequency	
  

•  Control	
  the	
  pedestal	
  density	
  

•  I	
  coils	
  adjust	
  and	
  keep	
  ELM	
  
free	
  with	
  1.9	
  kA	
  (can	
  go	
  
lower)	
  

•  When	
  we	
  reach	
  a	
  high	
  density	
  
the	
  ELMs	
  come	
  back	
  again.	
  
Prm_tan_ne~3.0e19	
  

•  Lock	
  mode	
  kills	
  the	
  plasma	
  
–  Before	
  control	
  increase	
  I_c	
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density	
  

•  I	
  coils	
  adjust	
  and	
  keep	
  
ELM	
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(can	
  go	
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•  When	
  we	
  reach	
  a	
  high	
  
density	
  the	
  ELMs	
  
come	
  back	
  again.	
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•  Lock	
  mode	
  kills	
  the	
  
plasma	
  
– Before	
  control	
  increase	
  
I_c	
  



Phase	
  to	
  Maximize	
  the	
  Kink	
  Resonance	
  at	
  D3D	
  

	
  
	
  
	
  

•  Control	
  the	
  I	
  coil	
  phase	
  based	
  on	
  the	
  surfmn	
  
kink	
  response	
  calcula)ons	
  

•  Choose	
  the	
  direc)on	
  that	
  maximizes	
  kink	
  
response	
  for	
  phase	
  

•  Control	
  the	
  Icoil	
  upper	
  
•  Too	
  high	
  density	
  yesterday.	
  Not	
  possible	
  to	
  

test	
  n=2	
  ELM	
  suppression	
  
•  Code	
  checked	
  out.	
  

DIII-D 

I coils 

C coils 
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Keep the Pedestal High but below the ELM limit by 
Pedestal Pressure Control with 3D Coils (RMP) 

3D coil control for WMHD/BetaN!
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Pedestal density/pressure control with LGI 

Develop LGI, PCS connection. Adjust the density with LGI 

1.  Try to adjust the ELM frequency in real-time (increase or reduce the 
ELM frequency to adjust the density) 

2.  Turn on and off the LGI to keep density at a given level 
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Pedestal density/pressure control with gas 

Pedestal density/pressure control with gas!

In the future, we can use Thomson. Initially, modeling of the pressure 
based on reconstruction.  


