February 27, 2007
To: Distribution

From: Wayne Reiersen

Subject: Coil protection

NCSX needs to provide protection for the coil systems.  The systems that will be powered during initial operations include the modular coil, TF, and PF coil systems.  The trim coils will only be powered to demonstrate that they are functional.  The purpose of this memo is to propose a coil protection scheme for initial operations patterned after the coil protection scheme used during C1 testing.  It is recognized that a more elaborate scheme will be required for future campaigns, but that is largely outside the scope of the MIE.  I say largely because if there are sensors that cannot be installed later that will be needed in campaigns beyond initial operations, then these sensors must be considered in the scope of the MIE.
Failure of a modular coil would take a long time from for recovery and may put the program at risk.  We want to be sure that failure of a modular coil is a very low probability event.  Modular coils can fail due to a flaw in the coils themselves or due to the influence of a system with which the modular coils interact.  The functional relationships between the modular coil system and other NCSX systems is illustrated in Figure 1.  The purpose of the coil protection systems is to ensure that none of the systems which interact with an individual coil system can initiate a failure in that coil system.  Specific conditions for which protection should be provided are listed below.
1. Overcurrent.  If the current in the coil is too high, a failure could be initiated in that coil system or in another coil system due to EM loads.  Ultimately, NCSX might opt for a coil protection calculator that models coil interactions and sets limits accordingly.  For initial operations, coil currents will be limited to levels required for the First Plasma and Field Line Mapping reference scenarios and to current levels specified in the PEP for demonstrating that the coil systems are operational.  Power Systems (WBS 4) will provide (instantaneous) overcurrent protection for the modular, TF, and PF coil systems based on coil current limits provided by the Modular Coil (WBS 14) and Conventional Coil (WBS 13) Systems.
2. Overheating.  The coil systems on NCSX are essentially adiabatically heated
 during a pulse.  Heat is removed in the interim between pulses.   Protection required is two-fold:

a. Initial temperature.  NCSX is designed for all of the coils to be cooled with LN2.  The pre-shot temperature of all of the coils should be limited to a maximum value to ensure that all of the coils are acceptably close in temperature and that none of the coils will overheat during a pulse.  During C1 coil testing, two methods were tried to determine the pre-shot temperature.  The first was a winding resistance measurement obtained by taking a low current pulse between test pulses from which the average winding temperature could be inferred.  This proved awkward because of large voltage ripple in the system.  A better method was to monitor the temperature of each coil with thermocouples.  The difference between inlet and outlet temperatures is a good measure of the cooling that is occurring.  Thermocouples on the coolant outlets (near the coil) and on the winding pack near the outlet are both good proxies for the maximum coil temperature.  The temperature of the modular coil shell should also be monitored to ensure that it is below its prescribed limit.  The thermocouples and temperature limits are provided by the Modular Coil (WBS 14) and Conventional Coil (WBS 13) Systems.  Central I&C (WBS 5) is responsible for processing the thermocouple signals and relaying them to the COE.  The COE is responsible for ensuring that none of the specified temperature limits are exceeded before initiating a pulse.
b. Timed overcurrent.  Traditionally, the temperature rise of a coil is limited by an integral I2t measurement.  Given the modest scope of initial operations, we will have a simpler timed overcurrent.  Power Systems (WBS 4) will ensure that the coil currents will not exceed specified (low) values for more than a prescribed length of time.  For instance, it might be specified that the modular coil currents should not exceed 100A for more than 2s.  Timed overcurrent specifications are provided the Modular Coil (WBS 14) and Conventional Coil (WBS 13) Systems.
This is the limit of the coil protection scheme envisioned for initial operations as I understand it.  Please review this by COB Friday, March 2 and advise if any changes are in order.  Thanks for your timely attention to this matter.
Cc: Ramakrishnan, Zarnstorff, Williamson, Cole, Nelson, Brooks, Gettelfinger, Sichta, Neilson, Williams
Figure 1 - Modular coil system functional relationships
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�  Even though the flow of coolant is maintained during a pulse, the amount of heat removed is negligible compared to the heat removed in the 5-15 minutes between pulses.





