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Some questions/comments – would appreciate your reply,

Thanks, Richard

Alternative G&S on Barrel without Tube Center Isolator

Big View of  G&S strategy:

1)  PP1 is the main shield referencing point, at which all conductors are tied to common shielding metal.

2) Conductivity through the metal mechanical sheet and shield structure between all the PP1 members is optimized. Common mode currents are intended to flow on the outer metal structure.

3) The modules are referenced by their respective power cable at one area. Capacitive strays to other conductors from other points on the module are minimized.

4) The shunt shield is a specific application of (3) above. Capacitance to the cooling tube is assigned to the module power input area. There is also an option to tie the cooling tube directly to the dogleg Agnd.

5) The area inside the thermal shield is low conductivity, excluding the power tapes. In general, conductors such as extensive foils or meshes on the cylinder are not added.

6) The tube center isolators were proposed to induce most of the external ground currents to flow onto the outer shield, rather than near the modules. Without the isolators, the cooling tubes provide a shunting path for common mode earth currents , particularly between the opposite cable masses at each end of the barrel.


Considerations on isolators:

(1) Prototyping G&S alternatives is growing less efficient. We cannot cost effectively check out different ideas. Redoing a barrel, for instance, is an unpleasant prospect. If a first configuration shows reasonably good attenuation of external pickup, we probably will not have the time or resources to exercise other ideas, even if they are attractive.

(2) If we choose the isolators, there is no way to know what pickup attenuation improvement we purchased.

(3) Isolators at z =0 plane are less reliable than no isolators. Assessing the isolator failure rate will be difficult. A dark prospect is that one failure leads to losing many rows of modules. So to consider using the isolators, we must be able to accurately assess their reliability, and convince ourselves right now that we can do this assessment.

(4) The system tests show that the basic G&S configuration should be able to reject moderate levels of external pickup. In the tests, the isolator in the center of the module tube run does not  conclusively show significant pickup rejection compared to shorting the isolator. 

(5) Engineering of the cooling in many aspects has been difficult and very demanding of people resources. Isolator design and proofing adds to this manpower bottleneck.

(6) There are other G&S details that will give pickup attenuation improvements at less cost and time, and better reliability. Engineering resources are limited, so a more thorough job will probably be done on the other details if we reduce the number of isolator types and design constraints.

My own conclusion: No center isolator.
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Recommendations and proposals:

The baseline configuration outlined below  connects the tubes so that they do not shunt the OTE. The two options on the tube connections proposed should be accessible after the barrels are loaded. In the baseline, each tube is referenced once at the end of its barrel.

(1) PP1 isolators: A complete set of isolators of both supply and exhaust tubes are still needed at PP1. The external cooling system is thereby isolated from the barrel shield node. Make sure that we have a good solution for these.

(2) No other isolators: Other isolator locations are not needed.

(3) Tube referencing: All the module supply tubes will be referenced by tapes inside the thermal enclosure. Otherwise they will float. Why? They are tied at pp1, I assume?, so they are not floating, or is the idea that they are unconnected at PP1 and are only connected at the barrels? If the idea is this, then do we need to isolate them electrically all the way to PP1? So allow no ties around (around meaning bridging from inside system to outside?) PP1, heat spreader plate, or OTE entry if this means no tie to thermal shield, then we do need isolators when we go through the shield, which seems incompatible with your (2)?.

(4) Barrel annular foils: Each end of each barrel will have an annular foil connecting the exhaust and capillary tubes entering on their respective end, for a total of 8 foil rings. For Barrel 3, one annular foil will connect 4 exhausts and 8 capillaries. The foils should be 20 mm* 50 m aluminum and plated for optimal connection. This implies we find a way to attach such a foil in a ring round the outside of the cooling units, maiing good electrical conections to pipes, capilliaries, manifolds etc.. Two centimeters is quite a width in this very crowded region. May be possible, but doesn’t sound trivial
(5) Tube isolation and connection option: As the baseline, the tubes entering on opposite ends should not directly contact each other. The annular foil connections should support the option of connecting the opposite cooling loop ends to the foil. On Barrel 3, this option has 4 tube connections on each end. 

(6) Radial foils: Across the 4 rings on each barrel end, place 7 radial foils in each quadrant. These should be 10 mm* 50 m aluminum and plated for optimal connection. Soldering is the best connection for radial to annular foil. Seven foils per quadrant, giving 28 in total, then must pass  through the harnesses to reach the annular foils. Sounds not entirely trivial, are so many required, can we use wires instead, or at least ‘crunch up’ the foils as they pass through the harnesses. 
(7) Radial foil to OTE, optional resistor: The radial foil could proceed through the bulkhead and connect with good conductivity to the heat spreader plate (baseline). I would like to discuss an option for a series resistor at this connection for each of the 56 radial foils. Do the radial foils now represent the only electrical connection to the TE? – what about the support struts, must they be isolating? Do the radial foils have to connect radially, or do they all proceed to one point on the TE for connection? 
(8) Sector test: Prototyping of the harness, cooling tubes, PP1 with isolator, cables, heat spreader plate, OTE, sector, and 12 modules is essential. This will come after B3 is well under way.
(9) Increase thickness of outer OTE foil:   Consider making this 70 m foil thicker, +50%, ~105m. Reasons:

(a) Outer foil can be constructed so that it has very few seams, unlike the inner foil.

(b) Tuning the pickup rejection will be expensive and unlikely. I recommend adding design margin to lower the possibility of poor performance.

(c) Barrel 6 modules are very close to this skin. This is likely to be where problems appear with pickup rejection.

(d) The improved shielding and conductivity will offset the difficulties with the cooling tube configuration. 
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