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The two potted coils CCM001 and PR02 were very precisely measured by the FNAL Survey team. The surveys included use of a laser tracker and photogrammetry. After data reduction it was found that the data reduction the average location of turns along the hub straight section varied by 0.8mm and the turn to turn (T2T) spacing distance ranged from 2.700mm to 4+mm. It must be noted that the largest variances were always at the hub and this is due to the effect commonly called dog boning in the magnet coil winding business. This dog boning effect creates turns that are not close to the cooling tube at the ends of the coil straights due to the bending stiffness of the conductor. Depending on how the coil is clamped and variables such as winding tension and others which are not under precise control (such as exact yield stress of the cable) the amount of dog boning per coil  varies. Dog boning was the cause main cause in the variance in turn locations. An additional but small variation was that the coil potting tooling for PR02 used a different set of mold rings but those were machined to the same  drawings as the original set of tooling. Reports from FNAL said that the sizes of the rings were within 0.5mm of each other.  This could at maximum shift the average position of the turns by 0.25mm since the surface near cooling tube surface was used as the basis of the turn locations.

The specification for the CLAS12 Torus included positioning the coils to 0.5mm in radial distance to each other. This assumed a perfect coil pack. It may have been possible to shim each coil differently within the coil cases based on some average location of the conductors, the design dimensions of the mold and coil case only allow a maximum of 2mm of motion of the coil within the case. And starting with coils that are different by  nearly half of the range of motion and inconsistent down the length violates engineering practice and common sense. 

Winding/Clamping Guide V1.0
1) With the goal of minimizing changes to the current winding procedure the following process has been developed and tested once. It should be possible to follow this procedure and create nearly identical pancakes (in a coil and in all coils) following this guidance even though the process has only been used once.
2) Follow the traveler up to the point where the first turn is being wound. 
3) Just before the conductor is bent on to the hub side straight, place the 0.032” x 0.75” shims inside the first turn up against the glass tape that resides on the cooling tube 0.060 g10 spacer. The 38” long piece goes closest to the cooling tube and the 40” piece goes next. 
4) Wind all 117 turns as per the traveler.
5) Attach 1/8” g10 strips to the coil outer turn per traveler (note to Fred and Steve, these strips vary in thickness by 0.010” and we should getting a quote to have new ones made to precise thickness for future coils as this could be the biggest variable in coil geometry after these improvements)
6) Measure the 4 corners of the wound and un clamped coil and log the data. The stack height of the insulated conductors (117 turns) should be  317mm (from the inside of the winding table ring to the outside of the g10 should thus be XX.XX inches)
7) Mold release the outside of the 1/8” g10 strips to make coil clean up easier
8) Do NOT install the glass cloth outside the g10 (change of the traveler)
9) Install the hub shim between the 38” and 40” x 0.030” g10 strips, be sure it is centered along the length of the hub side.
10) Install the upstream and downstream straight shims with the end of the 0.030” strip even with the transition from corner radius to straight.
11) With the modification to the tooling that we made during the Kashy Visit 9/8 to 9/12/14 we can now install the clamping bars w/o using any Irwin Bar clamps. This reduces risk of damaging the turn to turn insulation as fewer tools are required and less time too. It also will make getting repeatable pancakes easier (though only one pancake has been done to date).
12) Lay the coil shim bar (steel bar coated with Teflon tape and mold release) 
13) There are aluminum plates that go on the winding table top to support the force distribution bars those plates should be placed on g10 shim material such that their top surface is even with the top of the coil push plate. (Note: this was not done during CCM003 pancake winding but would have made turn height alignment easier and contact with push plate more even across the pancake)
14) Place the force distribution bar on top the shimmed aluminum bar at the hub straight only. One person will hold the bar and push it in while the other will install the clamping brackets. Be sure that the center of the push feet align with the center of the force distribution bar(in elevation). It was found that adding 1/8” shims for CCM003 first pancake was helpful, I suspect that on CCM004 and more with the shimming of the aluminum bar referenced in the previous step above. Only 2 clamping brackets are used on each bar during the initial clamping so it is not necessary to install the ones in the middle of the bars. 
15) Align the force distribution bar along the straight such that the 10-24 SHCS will align properly with the holes in the winding table once the coil is clamped.
16) Clamp “guides” to the winding table to assure that the push bars do not walk down the straights of the coil while clamping the coil. This assists with getting the correct corner compression and assures that the securing bolts will line up once the coil is fully clamped.
17) With only the hub side bars mounted and with only two push brackets installed adjust back the screws out until the force bar is touching the brackets. Measure the dimension between the outside of the force bar and the inside of the winding mandrel. Tighten one side only until the force bar is parallel with the inside of the winding mandrel. 
18) One full turn on jack both bolts shall be taken at the same time until the pancake is squeezed to ~1/4” of final dimension. 
19) Using a large Teflon block the turns shall be tapped with a rubber mallet to achieve turn to turn (T2T) alignment of the top of the pancake
20) One full turn of both jack bolts shall be taken and tapping of the coil turns be done again. This will be repeated until the no-go gage just fits. A second check is to use a caliper set to 20.100”  from the inside of the winding mandrel to the outside of the force distribution bar.
21) Measure and log the coil turn stack height, it should remain 317mm at the center of the small radius turns next to the hub straight 
22) Setup of the mold shim bars, force distribution bars, jack bolt brackets on the final 3 sides of the coil with the jack bolts fully backed out. 
23) Verify vertical alignment to the coil pancake add or remove shims as needed.
24) Clamp guides at ends of push bars as done above
25) Install a radial stop set at 317mm for both the small radius turns at the center of both turns at the ends of the hub straight. 





















Results of CCM003 front side pancake shimming measurement tolerance ~+/-0.1mm
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