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1.
Overview of planned experiment  

A liquid lithium divertor (LLD) is installed on NSTX to enable experiments with the first complete liquid metal divertor target in a high-power device. Because the lithium will continue reacting with hydrogen or deuterium until it is volumetrically converted to hydrides, the LLD is expected to provide better pumping than lithium coatings on carbon PFC’s. 
The shape of the plasma dictates the pumping rate of the lithium with LLD by channeling the plasma to LLD. Among the shape parameters strike point is the most important one. Simulations show that the density reduction depends on proximity of outer strike point to LLD.  Also in order not to damage the LLD structure with high heat flux, we need to avoid the strike point to touch the LLD for long durations. 

The aim of this experiment is to study the dynamics of the combined outer strike point radius and x-point height, design a new controller to change the location of the strike point and the x-point to desired location and design a controller to stabilize the strike point and x-point at the desired position.

2.
Theoretical/ empirical justification

Last year we installed a combined outer strike inner strike point controller (XP-904). We managed to keep the strike point where we wanted but we had problems with the transient. The OSP controller kept the controller at the requested position but problems during the transition. During the transient phase of the discharge, equilibrium bifurcated to a nearby solution with a low X-point. Algorithm was jumping from one solution to the other one. The X-point was touching the vessel wall. This year, in order to make the plasma more stable we will add a combined X-point and outer strike point controller.

3.
Experimental run plan
1. Load shot 134986 and see if the shot is still the same and SP controllers are working (2 shot)
a. If the LLD operations need a different fiducial shot this year load that shot with the SP control framework from 134986.

2. Test the Relay Feedback PCS algorithm (5 shots)
a. First time use. Need to test the software before use.
b. Start with a h value of ~200 Volts. If this is not appropriate scan h.
c. Set the hysteresis value to 2*RMS measurement ~0.1 mWebers/rad. Test.
d. Run relay-feedback on OSP with PF2L. Compare the results with already running control for OSP with PF2L (sanity check).
e. Start with a small P only control for X-point (based on the found Kcu and Pu). Test the controller is behaving as expected (correct sign and relative magnitude).
3. Sequential PID Tuning (8 shots)
a. Set PID based on Kcu and Pu. Manually tune for stability and performance. 
b. Relay-feedback on PF1AL to X-point while OSP control is on.
c. Set PID for PF1AL. Manually tune for stability and performance. 
d. Relay-feedback for PF2L to OSP while X-point control is on.
e. If needed repeat this process for PF1AL again.
4. Try upper/lower combined X-point/OSP control (3 shots).
a. Make the changes to the control matrix and PID gains.

b. Tune the requests for the X-point and OSP for upper to achieve the desired Drsep and stability.

5. Scan X-point/OSP with various strike point locations (8 shots).
Radius of the OSP vs. Height of the X-point scans:

[44, -146], [47, -145], [50, -144], [53, -143], [55, -142], [61, -153], [62, -150], [63, -147]
6. Decision point: If we have enough time and the control is working fine, try incorporating the X/OSP control in the long pulse scenario [6 shots]:

a. Load shots 135445
b. Implement the XMP-66 (Control Improvements for Shape Control) for this shot.

c. Add the X-point/OSP controller for this shot
d. Scan X-point from 142 to 152 along with OSP [142, 145, 148, 152]
e. Choose the best, add upper/lower X/OSP control
Time request: 1 day
4.
Required machine, NBI, RF, CHI and diagnostic capabilities

See below.

5.
Planned analysis

We will require EFIT and TRANSP analysis and preferably correlations between magnetic strike point location and power deposition on the diverter. The relay-feedback response of the plasma will be analyzed. Based on control theory, a PID controller for the outer strike point radius and X-point height with lower PF1A/2 inputs will be obtained. 

6.
Planned publication of results

The results will be published in “Fusion Engineering and Design”.  The results will be presented in AIEA meeting in Korea.
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	Brief description of the most important operational plasma conditions required:

D2, LSM, low triangularity, H-mode discharge, with 2 NBI sources.

	Previous shot(s) which can be repeated:


Previous shot(s) which can be modified:
134986 

	Machine conditions
(specify ranges as appropriate, strike out inapplicable cases)

ITF (kA):  
Flattop start/stop (s):  
IP (MA): 0.8 ( 1.0
Flattop start/stop (s):  

Configuration: Limiter / DN / LSN / USN

rtEFIT controls:  Isoflux  /  Strike-point  
Outer gap (m):  0.09
Inner gap (m):0.03  
Z position (m): 
TBD 
Elongation:  1.8-2.1
Triangularity (U/L): 0.35/0.55
OSP radius (m):  TBD
Gas Species:  D
Injector(s):  Source A

NBI Species: D
Voltage (kV)
A: 90
B: 90
C: 90
Duration (s):  TBD
ICRF Power (MW):  
Inter-strap phase (°):  
Duration (s):  
CHI:
Off 
Bank capacitance (mF):  

LITERs:
Off 
Total deposition rate (mg/min):  

LLD: TBD
Temperature (°C):  

EFC/RWM coils:
Off 

Configuration:
Odd / Even / Other (attach detailed sheet)
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Note special diagnostic requirements in Sec. 4
	Diagnostic
	Need
	Want

	Beam Emission Spectroscopy
	
	

	Bolometer – divertor
	
	

	Bolometer – midplane array
	
	

	CHERS – poloidal
	
	

	CHERS – toroidal
	
	

	Dust detector
	
	

	Edge deposition monitors
	
	

	Edge neutral density diag.
	
	

	Edge pressure gauges
	
	

	Edge rotation diagnostic
	
	

	Fast cameras – divertor/LLD
	
	

	Fast ion D_alpha - FIDA
	
	

	Fast lost ion probes - IFLIP
	
	

	Fast lost ion probes - SFLIP
	
	

	Filterscopes
	
	

	FIReTIP
	
	

	Gas puff imaging – divertor
	
	

	Gas puff imaging – midplane
	
	

	H camera - 1D
	
	

	High-k scattering
	
	

	Infrared cameras
	
	

	Interferometer - 1 mm
	
	

	Langmuir probes – divertor
	
	

	Langmuir probes – LLD
	
	

	Langmuir probes – bias tile
	
	

	Langmuir probes – RF ant.
	
	

	Magnetics – B coils
	√
	

	Magnetics – Diamagnetism
	
	

	Magnetics – Flux loops
	√
	

	Magnetics – Locked modes
	
	

	Magnetics – Rogowski coils
	√
	

	Magnetics – Halo currents
	
	

	Magnetics – RWM sensors
	
	

	Mirnov coils – high f.
	
	

	Mirnov coils – poloidal array
	
	

	Mirnov coils – toroidal array
	
	

	Mirnov coils – 3-axis proto.
	
	



Note special diagnostic requirements in Sec. 4

	Diagnostic
	Need
	Want

	MSE
	
	

	NPA – E||B scanning
	
	

	NPA – solid state
	
	

	Neutron detectors
	
	

	Plasma TV
	
	

	Reflectometer – 65GHz
	
	

	Reflectometer – correlation
	
	

	Reflectometer – FM/CW
	
	

	Reflectometer – fixed f
	
	

	Reflectometer – SOL
	
	

	RF edge  probes
	
	

	Spectrometer – divertor
	
	

	Spectrometer – SPRED
	
	

	Spectrometer – VIPS
	
	

	Spectrometer – LOWEUS
	
	

	Spectrometer – XEUS
	
	

	SWIFT – 2D flow
	
	

	Thomson scattering
	√
	

	Ultrasoft X-ray – pol. arrays
	
	

	Ultrasoft X-rays – bicolor
	
	

	Ultrasoft X-rays – TG spectr.
	
	

	Visible bremsstrahlung det.
	
	

	X-ray crystal spectrom. - H
	
	

	X-ray crystal spectrom. - V
	
	

	X-ray tang. pinhole camera
	
	



