21 March 2006
To: Geoff Gettelfinger

From: Wayne Reiersen

Subject: “Twisted pair” cable parameters and coil testing
We have discussed the idea of using cable cooled by natural convection inside the cryostat as an alternative to the actively cooled kickless cable that failed the voltage standoff test.  The cable should be able to carry the equivalent DC current and the voltage standoff requirement.

The equivalent DC current is defined as follows:
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The maximum IDC for all coils is 1193 for M1 which is the Type A modular coil circuit followed by the TF coils with an IDC of 670A.  The modular coil requirement can be satisfied by using two conductors in parallel which individually meet the TF coil requirements.  Therefore, a conductor with a DC current rating of 670A should be adequate.
In a room temperature environment, a commercially available 500MCM cable (30kV) with an insulation rating of 90C has a DC current rating of 680A so that seems to be a likely size.  The maximum power supply voltage in any circuit is 4kV which implies a field test voltage of 9kV, a manufacturing test voltage of 13.5kV, and a design voltage of 20kV.  Teflon and Kapton are two insulators that can be used at temperatures as low as 77K.  The dielectric strength of Teflon is reported to be around 380V/mil.  For a design value of 20kV, a thickness of 53mils would be required.  This seems pretty thin.  For the purpose of this study, a thickness of 1/8” (125 mils) was assumed.  The performance of the cable is not sensitive to this assumption.  Teflon has a thermal conductivity of approximately 0.3W/m-K. For a thickness of 1/8”, the thermal conductance is 94W/m2-K which is much higher than the heat transfer coefficient of 5W/m2-K typical of air at 293K so even thicker insulation could be considered.
The voltage drop in the cable should be small relative to the capability of the power supplies.  The maximum power supply current is 24kA (other than for the modular coils).  At 80K, the voltage drop of a 500MCM cable would be only 0.27V/m.  For a 40m length, the voltage drop should be less than 11V.  Adiabatic temperature rises should be small also, less than 40K starting at 293K and less than 10K starting at 80K.

It is important that the cabling inside the cryostat be flexible and force-free, providing low field errors.  500MCM cable is more flexible than hard bus.  It can be made force-free by tying opposite poles together.  The cable diameter is typically 0.8”.  The local forces pushing opposite poles apart can be large, approaching 165lb/in.  Clearly, frequent clamping will be required.  Low field errors can be achieved by twisting (duplexing) the cable in the vicinity of the stellarator core.  The concept we discussed for splicing cables together is shown in the figure below.  It permits a layout quite similar to what Rushinski had previously developed for the kickless cable.
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Providing a condensation-free transition from the cold, dry environment in the cryostat to the warm, humid environment in the test cell is an important design consideration.  For the actual machine, taking the approach used by MIT (which you described to me) in which the current feeds are routed out a service chase through which the gaseous nitrogen is exhausted seems like an elegant approach in which a counter-flow heat exchanger effect is achieved.  The gaseous nitrogen exits the service chase at the room temperature after being heated by the current feeds. The current feeds enter the cryostat at 80K having been cooled by the gaseous nitrogen exhaust.
There may be constraints such as space  or time which preclude adopting this approach in the Coil Test Facility (CTF) or it may not be robust enough for this application.  If so, it may be adequate to provide a room temperature box with a gaseous (dry) nitrogen environment.  The purpose of this box would be to put the region where the current feeds pass through the dew point in a dry environment.  Some simple calculations suggest that the cable length in the transition box (L2 below) should be more than 2m in length to ensure that the dew point is passed inside the box with the interior of the box at RT.  The heat leak from warm-to-cold along the conductor would be approximately 13W per pole.  This is the heat that needs to be added to the transition box to maintain its interior temperature.  A conductor length of at least 1.5m inside the cryostat (L1 below) should ensure that the heat leak to the coil is less than 1W per pole.
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For testing the C1 coil, we may be driven to use two 500MCM cables in parallel to supply the needed current.  This means that the heat leak along the conductor into the cryostat would be around 52W.  Having a simple heating element inside the transition box to maintain the gas temperature above 293K should suffice.  For pulsed operation, we should not need to provide cooling to the transition box.  Turning off the heating element would introduce 52W of cooling along the conductor.
It is important that the transition box be filled with dry nitrogen.  We can have a gas feed from the facility supply for initial purging and a small hole into the cryostat to ensure that the interior of the transition box is kept above atmospheric pressure.
I hope you find these thoughts useful.  I will attach the spreadsheet used in these calculations for you to check or make refinements.

Cc: Nelson, Williamson, Ramakrishnan
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