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Introduction 





Spot heaters to initiate localized quenches are to  be installed in the HGQ02 model magnet, on both the inner and outer coils. Spot heaters are to be installed in two locations on the inner coils, and in one location on the outer coils. 








Spot Heater Construction





The spot heaters are fabricated in-house by TD/Engineering and Fabrication personnel, and consist of a 25 mm thick stainless steel resistive heater element sandwiched between 2 layers of 50mm thick Kapton( film. The laminate is held together using Measurements Group MBond-610 strain gauge adhesive, and is cured following strain gauge fabrication procedures. A schematic of the heater design is given in Figure 1.  During installation the lead wire tabs are bent 90( to the plane of the heater, and after coil curing,  22 gauge lead wires are soldered to them.








Installation in Inner Coils





The spot heaters are installed in two locations of the inner coil - the first is in the G-10 pole piece that is adjacent to the ramp splice lead, the second is in the lead end saddle, at the midplane. The location of the first heater is given in Figure 2. The G-10 pole insert must have a shallow groove (3 mm deep) of 3 mm width machined into it to contain the lead wires and solder tabs. This groove extends towards the lead end and is terminated by a through hole in the G-10 piece to allow the leadwires to pass through the G-10 and exit toward the lead end along the underside of the coil surface. See Figure 2 for a representation of this installation. Final dimensions and location of the groove should be determined from empirical installation results. The heater can be held in place with a
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Figure 1. Schematic of HGQ Spot Heater. The outer dimensions of the Kapton film are 15.6 mm x 28 mm. The overall thicknesss is 125 mm.








small amount of Loctite 404 or Eastman 910 adhesive, or similar. The solder tabs are folded over so that they lay flush in the adjacent groove. The coil is then wound around the pole insert in the normal fashion, and then cured. After curing, the lead wires are soldered to the solder tabs, laid in the groove, and can be held in pace with gray RTV adhesive. The leadwires then pass through the clearance hole and are led along the underside of the coil surface towards the lead end of the end parts. The leads should be labeled “SP HT INN RAMP”, and after the magnet is assembled, the quadrant designation should be added to the label. 





The second inner coil spot heater is installed between the cable and the end saddle, at the lead end, on the side corresponding to the first turn. A shallow groove, similar to that used in the ramp heater installation, is to be machined into the end saddle to provide a recess for the heater leads. Figure 3 shows the typical mid-plane heater installation. Again, the heater can be held in place temporarily with a thin low-viscosity adhesive, and the lead solder tabs should be bent 90( to the plane of the heater into the machined recess. After curing, the lead wires can be soldered in place, and held in the groove with gray RTV adhesive. The leadwires can either be led out from the magnet towards the lead end as is, or a through-hole (similar to that used in the ramp/pole heater installation) can be used to bring the leadwires out through the bore of the magnet, along the underside of the inner coil surface. The exact location and dimensions of the leadwire groove and through-hole should be finalized empirically.





Figure 2.  Location of inner coil ramp spot heater, showing leadwire grove machined in G-10 pole insert. 
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Figure 3. Location of inner coil mid-plane heater and leadwire groove machined in end saddle.


The leadwires for the midplane heater should be labelled “SP HT INN MID” and after the magnet is assembled, the quadrant designation should be added to the label.








Installation in Outer Coils





The spot heater to be placed in the outer coil is located at the midplane, in a an identical fashion to the inner coil midplane spot heater. The same procedures and techniques should be followed for its installation. The lead end saddle is to be machined in a similar fashion to provide a recess for the lead wire solder tabs and leadwires. After installation, coil curing, and leadwire attachment, is should be labeled “SP HT OUT MID” and after the magnet is assembled, the quadrant designation should be added to the label.  








Final Inspection and Testing





After the installation of each heater, they should be inspected to ensure that there is no visible physical damage (i.e.,  broken leadwires, damaged insulation, damage to the surrounding superconducting cable), and the room temperature resistances should be measured. These values should correspond to those measured before installation took place, to within about 0.1 (. If the heaters pass the preceding inspections, they may then be hi-potted with respect to ground, and to the superconducting coil, to a potential of 3 kV.








NOTE - This is a draft document and will be modified based upon actual fabrication and installation experience.
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