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NSTX successfully completed the run on Aug. 5

Completed 21.1weeks*
With 2460 plasmas

Supported 43 XPs &  9 XMPs
Exciting FY 04 Research Activities

* Run details are available on the NSTX Web.

Met FY 04 Joule (SC7-6a) milestone: 18 weeks:
Programmatic goal: 20 weeks

FY 05 Base Plan calls for 14 run weeks
However, budget up tick, the facility plans to be able to
accommodate up to 21 run weeks - Feb. 05 Plasma Start
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Hub plate

Flag with
box

• In January, an integrated system
test was conducted to qualify the
machine.

• The measured resistance of each
joint was well below the <700nΩ
design goal at 4.5kG and the
temperature rise was in accord
with expectations.

• However, a closer examination of
the data and trends over time
raised some concerns.

TF Joint Behavior Has Been Monitored and Studied
Throughout the Run
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New Data and Analysis Has Identified Some Concerns
About the TF Joints

• Small upward drift in the joint
resistances observed over
~4 months of operation.

- All remained well below 700nΩ.

• Temperature and strain gauge
measurement also revealed
changes over time.

• Subsequent measurements
showed larger than expected TF-
flag displacements.

• New simulations and bench tests
indicate the measurements are
consistent with larger than
expected joint “lift-off”.

TF Joint Resistance in nΩ
[Start-of-Flat-Top. Test Shots]

Higher Stressed Joints

Lower Stressed Joints

To assure safe device operation, we
instituted TF operational limit of 3kG
with Rmax<150 nΩ in July.

150 nΩ
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Working to Resolve These Concerns

• Progress in understanding the TF joint behavior:
- Movement of flag joints confirmed and quantified through a number of

measurements
- Modeling suggests that the cause of the flag movements is softer than

expected epoxy fill in the flag box
- Bench tests of the removed flags did confirm this shortcoming
- Alternate fill material being tested to give adequate strength for the next run

Project decision: Replace epoxy in all the flag joints
• Outage schedule developed:

- Complete the in-vessel work and pump down in mid-Nov. 04
- Complete the magnet assembly in Dec. 04
- ISTP of magnets in Jan. 05 and plasma operation in Feb. 05 (similar to this year)

•  Present Status:  Outage activities progressing on schedule
- Engineering aims to bring the TF joint to the original specification of 6 kG
- For planning purpose, let us use 4.5 kG as the upper limit of TF
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Adjustments of Facility/Diagnostic Plan
• Taking advantage of the center-stack removal:

– Implement PF 1A coil upgrade one year ahead of
schedule for better shaping capability — simultaneous
high κ and δ — for advanced ST operations

114465

PF1A

– Repair/improve plasma current Rogowski coils

–  Delay the lithium evaporator by one year but continue R&D
Emphasize experiments with lithium pellet injector in FY 05
Higher priority on moveable  between-shots GDC probe than neutron collimator

•  Remaining facility/diagnostic upgrade plan:
–  Complete full RWM coil with SPA power supply
–  Install high-k scattering system and 10 additional MPTS

channels
–  Install HHFW antenna BN side limiter for NBI protection
–  Delay purchase of CHERS spectrometers and detectors by one

year
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New Facility/Diagnostic Capabilities in FY04

Facility Improvements:

• Two (out of six) RWM Coils

• Control system upgrade for higher
elongation (All areas)

– Reduced latency (<1 msec)

– rtEFIT2 external EF/RWM control
coils (Macro)

• CHI capacitor bank – (Macro)

• Li pellet injector  (Interface)

• Supersonic gas injector –  (Interface)

• PF4 commissioning –  (Macro)

• Improved boronization schemes
(Interface)

Diagnostic Improvements:

• MSE – up to 8 channels (All areas)

• Fast tangential x-ray camera

• Divertor Mirnov arrays, internal RWM
sensors (Macro)

• 51 channel CHERS (Transport, Macro)

• Scanning NPA (Transport, Macro,
Wave/Part)

• USXR, FIRETIP upgrades (Macro,
Transport)

• Edge rotation diagnostic to measure
edge Ti, vφ,θ, Er (Transport, Wave/Part)

• Upgraded correlation reflectometry –
long λ turbulence (Transport)

• Fast cameras (Transport, Interface)

• RF Probe (Wave/Part)
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The full Six-element RWM coil system powered with the
SPA supply scheduled to be available for the FY 05 run

Schedule:

• Six-element coils installed by Dec. 04

• SPA supply installed by Dec. 04

• ISTP in Jan. 05

• Available for an open-loop operation in
Feb. 05
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Possible Improvements to the Transient CHI System

• Operated reliably up to 1 kV
• Produced reliable breakdown with

lower gas pressure
• Generated Ip ~ 140 kA with Iinj ~ 4 kA

in a few milliseconds
• Measured peaked profiles Te0 ~ 16 eV

Absorber

Injector

Future improvement possibilities:
• Te increased with reduced pressure -

can we reduce it further by:
- Gas + ECH injection into injector
- Higher voltage > 1 kV?

• Plasma stability/controllability
- Energize absorber coils?
- Need to develop control algorithms
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Toward Routine Lithium Pellets Injection Availability

• Capability for injecting solid
pellets (<1 – 5 mg) &
powder (micro-pellets)

• 10 – 200 m/s radial injection
• 1 – 8 pellets per discharge
• 400 pellet capacity
•  Develop optimized scenarios

OUTBOARD VIEW

LOAD PORT

PROPELLENT PORT

AXLE
FEEDTHRU

400 BARREL TURRET

Lithium “vapor ball” surrounding pellet
as it approaches the center-stack

Lithium vapor spreading
along the center-stack

In-board gas injector

Lithium Pellet moving
through plasma after

entering at 296ms
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Upgrade Highlights Continue

PF4
• Energized using

RWM power supply
for poloidal field
coil start-up
experiment

• PF4-PF5 opposite
polarity examined

Shoulder Gas Injector
• Successfully utilized
for H-mode studies
• Improved control?

• Preliminary
analysis shows
improved fueling
• Improve access

Supersonic Gas Injector
SGI Plume

Plasma Control System

• Achieved κ ~ 2.6
by latency reduction
• rtEFIT controled
boundary with
κ~ 2.3
• New PF 1A
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• 8 ch of Motional Stark Effect
(MSE/CIF) diagnostic should be
available at the beginning of the
FY 05 run which ramps up to 12 -
14 ch during the run (Nova)

MSE/CIF and Fast X-ray Camera
MSE Multistage Lyot Filter

t=0 t=90µs t=180µs t=270µs

• Images of the soft x-ray emission along tangential sightlines recorded
by an ultra-fast camera with time resolution down to ~ 2 µs (PSI)
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High-k Tangential Scattering to be commissioned

• In-vessel installation activities
started

• Flange modifications in progress

• Complete in-vessel installation by
early Nov. 04

• Conduct bench tests on the sources
and and the scattering and detection
systems - Nov - Dec. 04

• External component installation by
Dec.04.

• End-to-end propagation test in Jan.
05.

• Complete commission by March 05.

Internal Launch Mirror
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NSTX Facility/Diagnostic Status Summary

Restart in Feb. 2005 with significantly improved facility and
diagnostic capabilities for up to 21 run weeks

• Productive FY 04 run completed on Aug. 5, 2004
– Successfully operated for 21.1 weeks with 2460 plasmas
– Met the Joule milestone of 18 weeks and programmatic goal of 20 weeks.

• Many exciting new capabilities were implemented
– RWM coil energization, CHI capacitor bank, rapid boronization, PF4…
– MSE, Fast tangential X-ray cameras, Divertor cameras, Improved GPI…

• TF joint monitoring showed larger than expected movement
– TF limit of 3 kG was imposed during the last month of operation
– The cause of movement traced to softer than expected epoxy fill
– TF bundle has been removed and improved epoxy fill will be implemented

• Some upgrade adjustments made for the outage
– Accelerate PF 1A upgrade
– Complete RWM coils with SPA, high-k scattering, 10 extra MPTS channels
– Delay lithium evaporator and poloidal CHERS detector by one year


