June 25, 2006

To: Distribution

From: Wayne Reiersen

Subject: Finishing the MC assembly models

When PJ was up here last week, we discussed finishing the MC assembly models.  PJ reviewed a concept for bringing the chill plate tubes through the shell and securing them to the outside of the shell.  The concept got rave reviews but it raised the issue of what else needed to be done.  We came up with the following list which I am documenting to ensure that everyone is on the same page.

1. Coolant loop isolation and manifolding.  There are fourteen separate, electrically isolated coolant loops per modular coil.  On the inboard side, there are two on side A and two on side B that start at the bottom and exit at the top for a total of four.  On the outboard side, the run is interrupted by the poloidal break so the total is eight instead of four.  In addition there is a coolant loop on each lead block chill plate.  These two are assumed to be connected in series like they were on the C1 coil.  The grand total is fourteen electrically isolated loops constituting nine coolant paths (four on the inboard windings, four on the outboard windings, and one on the lead block chill plates).  A determination should be made as to whether it is better to connect the coolant loops on the lead block chill plates in parallel (resulting in ten coolant paths) rather than in series.  (Williamson)
Rather than bringing out 14 tubes to a manifold external to the coil assembly, it seemed reasonable to provide a supply and a return plenum on each coil.  Fogarty has developed a concept for where these would be located and how they would be mounted.  This allows just a supply and return tube to be brought to each coil rather than ten supply and return lines.  These lines would be at ground potential.  Flexible lines would be a big plus.  Thus far, we have been unable to come up with a way to seal Teflon tubes above 40psi at 80K.  As an alternative, we might consider corrugated metal tubing such as that used on the vacuum vessel.  For the electrical breaks in each electrically isolated coolant loop, we might use a short length of G11 tubing such as was used on the TRC and C1 coils or Kel-F (PCTFE) which has been successfully used on the TFTR/NSTX beamlines and also comes as a tube stock.
2. Electrical grounding. Section 3.2.1.8.3 of the modular coil SRD reads as follows:

Each coolant tube shall have an insulating break at the supply and return ends as shown in the loop labeled B in Figure 3-3.  For those loops which span the poloidal break in the winding form, an additional insulating break is required at the location of the poloidal break as shown in the loop labeled A in Figure 3-3.  Each electrically isolated coolant tube shall be electrically connected to the winding form through a high resistance ground that can be lifted to test the electrical isolation.  All insulating breaks and high resistance grounds shall be located outside the winding form in a region accessible for maintenance.
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Figure 3-3

The SRD is silent on what constitutes a high resistance ground.  Raki Ramakrishnan would like to see to 2-k resistors in parallel (for redundancy) which results in a 1-k resistance to ground.  The ground wires would be 16 gauge for ruggedness.  Bringing out 14 ground wires through the cryostat for each of the 18 modular coils seems unnecessary.  It would seem acceptable to mount the resistors in a resistor bank located in an accessible location on the coil assembly and ground the resistor bank to the winding form.  Fogarty is pursuing the idea of mounting the resistor bank on the return and return plenums.  (See Item 1.)  He asked for a picture of what such a resistor bank would look like.  Perhaps Gettelfinger could e-mail him a photo of the resistor bank in the Coil Test Facility.  There is also the issue of identifying 2-k resistors that can operate in an 80K environment (Ramakrishnan).
3. Lug and jumper assembly cooling.  The lug that connects the current feed to the individual cable conductors features a place to install a fitting for cooling.  The coolant would exit through four holes which would spray the effluent on the jumper assembly.  We have had a bit of discomfort with this design using LN2 ever since the TRC experience where the tank in the cryostat overflowed and caused a lot of ice and condensation which lead to ground faults that were hard to clear.  I lean toward cooling this area with 80K GN2 created by running RT GN2 through copper tubing immersed in a LN2 bath.  This avoids the problems associated with puddling of LN2 and provides needed throughput of cold GN2 to keep the cryostat interior cold.  Alternatively, we could provide closed loop cooling with LN2 or skip it altogether.  In principle, we do not even have to connect to the lug which is part of the electrical circuit (thereby avoiding a potential failure mode) but rather just spray cold GN2 from a nearby nozzle.  (Williamson)
4. Coil assembly grounding.  Each coil assembly needs to be connected through a single point ground.  Coil assemblies could be connected to neighboring coil assemblies as long as a complete loop is not formed.  There are three options for where these coil-to-coil connections are made: [1] with a short jumper across the insulating breaks between coils [2] inside the cryostat but at a common convenient location for troubleshooting ground faults [3] outside the cryostat.  I lean towards Option [2] as a compromise between maintainability and design simplicity.  Cryostat penetrations have the potential to be a real nuisance.  Studs need to be mounted on the coil assembly to provide attachment points for the ground wire.  Raki Ramakrishnan would like to use 500MCM cable.  Shrinkable Teflon tubing seems to be a good cable insulator at 80K.  (Williamson)
5. Poloidal break grounding.  The poloidal break hardware needs to be electrically grounded, not floating.  Topologically, there are currently four floating elements.  Three elements consist of the washer plates and the studs and nuts associated with them.  The fourth is the shim in the poloidal break itself.  In principle, these four elements can be connected in series and grounded to the winding form.  The connection to the winding form should be accessible so it can be lifted to troubleshoot faults.  Raki Ramakrishnan recommends 16 gauge wire. (Williamson)
6. Voltage taps.  The proposed means for monitoring the average conductor temperature is to monitor the coil resistance between shots.  This worked well on the TRC and C1 coils.  However, it requires putting voltage taps on the lugs or the current feeds near where they are connected.  If they are on the lugs, they are part of the coil assembly.  Raki Ramakrishnan recommends using 16 gauge wire.  These voltage taps do need to be (eventually) brought through the cryostat.

7. Co-wound loops. There is a co-wound loop on each winding pack.  How these are to be insulated, supported, coiled, protected, and grounded once they leave the winding pack is still TBD. (Labik and Stratton owe guidance to Williamson)
I would appreciate if the parties on distribution would review this summary for appropriateness and completeness and provide the input requested.  Williamson et al need to have the requirements firmed up before they can complete the design of the modular coil assemblies.  These requirements need to be captured in the product specifications for the modular coil assemblies.  Your timely cooperation would be much appreciated.

Cc: Gettelfinger, Williamson, Fogarty, Cole, Nelson, Ramakrishnan, Labik, Stratton, Brown, Chrzanowski, Neilson, Dudek, Heitzenroeder
