[image: image1.jpg]<



[image: image7.png]
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Coil winding technique is basic to building a superconducting magnet; it affects to mechanical integrity and field quality of the superconducting magnet. Most magnet designs are based on an assumption of uniform current density, which is governed by wire geometry and winding precision tolerances. Since our group is developing a Bi-2212 insert coil technology for an NMR grade magnet system, research on precise winding techniques for Bi-2212 round wire is also required. Since 2015, our group has built two layer-wound solenoids using more than 700 m of Bi-2212 round wire.  We also measured surface maps of the finished coils to check the precision of our winding technique. 
Experimental
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First, we have noticed one main factor of coil non-uniformity is overwrap of two adjacent layers at the end of each layer. Using earlier theoretical and experimental researches on winding technique [1], we have developed a way to avoid these over-wraps, so as to obtain a final solenoid with rather uniform and smooth outer surface, which means a more ideally and uniformly packed coil. 
Fig.1 shows part of our earlier mock-up that is the same size as the main Platypus solenoid made of 1.3-mm diameter copper wire with a precise dial meter for surface measurement. Fig.2 presents its surface uniformity map. We measured radial protrusions from -0.572 mm to 1.071 mm.  Fig.2 clearly shows its periodic unevenness caused by jogging. This mock-up copper coil has been set as a reference for the quality of winding practice.
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Results and Discussion
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After various trials and researches on winding, ten test coils and two prototype coils were wound using Bi-2212 round wire. The same surface uniformity measurement was performed on the two prototype coils (> 700 m of Bi-2212 conductor) to check the quality of winding. Orthotropic layer winding was selected as the winding method; the turn of the next layer sits in the interstitial area of two turns in the previous layer. Fig.3 presents the Platypus coil (left) and its surface uniformity map (right). The range of measured radial protrusions is less than the in the mock-up copper coil and we found that the periodic unevenness disappeared. Unlike the mock-up coil, Platypus also needs to accommodate insulation and strengthening fibers and it seems that they helped to remove its periodic pattern. Fig.4 presents the Riken coil (left) and surface uniformity map (right) wound in 2016. We can clearly see a greatly improved uniformity. In this coils we used a mullite braid insulation to strengthen the electrical properties of the TiO2 coat, but we also found that it dampened irregularity of the inner layers.
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Fig. 1 Mock-up copper coil





Fig. 2 Surface uniformity map of mock-up copper coil





Fig. 3 Platypus coil (left) / surface map (right)





Fig. 4 Riken coil (left) / surface map (right)








