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1.
Overview:  

XMP to confirm lithium granule injector operation and time of flight calculations.
2.
Justification:

To support the granule injector XP's the full injector system must be tested.
3.
Plan:
1. Prerequisites

1.1. Granule Injector installed on NSTX-U
1.2. Granule Injector control system installed

1.3. Attendant cables and gas connections attached and system tested with local laptop control
1.4. Granule Injector ablation cameras aligned and operational

1.5. Interlock testing accomplished

2. Four chamber dropper preloaded with 3 active sections: 1 size boron carbide and 2 sizes of carbon granules. The empty chamber to be located between B4C and C.

3. Test remote operation of impeller, lighting system, photodiodes, timing and triggers.

4. Insert valve protection baffle

5. Boron Carbide Test

5.1. Confirm particle dropper voltage calibration by monitoring particle drop rates on side view high speed camera. 

5.2. Injection of particles into nominal discharge to observe granule ablations.  

5.2.1. 2 - 4 shots :  Granule injection at a range of piezo voltages to confirm time of flight and granule injection throughput.  Need direct measurement of time from LGI "ON" command to granule impact on plasma.  Also need to carefully observe optical imaging of ablation light to confirm alignment of multiple camera views.
6. Controlled access required to manually rotate dropper to change granule species

6.1. Using mechanical feedthru on the top of the dropper housing, rotate the chamber door inside the dropper housing by 90 degrees so that the door now faces the empty chamber.  Utilizing local laptop control of the  PXI system  activate the piezoelectric dropper crystal to clear the B4C granules from the hopper area.  Crystal to remain active for at least one minute or until there are no additional falling granules as observed on the camera view.
6.2. Rotate the feedthru an additional 90 degrees to the first carbon chamber to allow carbon granules to fill the hopper and then rotate back to the empty chamber to flush any residual boron carbide. 
6.3. Rotate the feedthru back to the carbon section of the hopper and confirm granules are falling by activating the piezoelectric crystal.  Return control of the PXI system to remote operation and confirm connection.  Granule injector is now ready for further tests.
7. Carbon Test

7.1. Confirm particle dropper voltage calibration by monitoring particle drop rates on side view high speed camera. 

7.2. Injection of particles into nominal discharge to observe granule ablations.  

7.2.1. 2 - 4 shots :  Granule injection at a range of piezo voltages to confirm time of flight and granule injection throughput.  Need direct measurement of time from LGI "ON" command to granule impact on plasma.  Also need to carefully observe optical imaging of ablation light to confirm alignment of multiple camera views.

8. Post Test 

8.1. Retract baffle 

8.2. Ensure dropper rotated to empty chamber and hopper cleared by activating the piezoelectric crystal and allowing to run until no further granule drops are observed.
4.         Required machine, beam, ICRF and diagnostic capabilities:

Plasma discharge: either NSTX-U low ELM frequency discharge or recreation of NSTX 112502 if possible, otherwise discharge robust enough to withstand granule injection without collapse,  Plasma TV, Bay J Upper fast visible camera, Fast camera for LGI granule impact.
5.  Sign off at run time:

5.1
Permission to Proceed:





  Physics Operations Head

5.2
Documentation of results:


Documentation of the results completed, attached to proposal and sent to Ops. Center with copies to Cognizant Physicist and Head of Physics Operations.



   Cognizant Physicist/Test Director
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