Quantitative image analysis

| EDS showed all NbTi compositions to be within +/- 1%. |

Abstract

NbTi superconducting wires are used in a wide variety of magnet systems to carry large electric
currents and produce large magnetic fields of 1 -5 T. These wires, consisting of NbTi filaments

located within the host Cu wire, need to perform at engineered levels for optimal performance of the Element Wt.% % Error
device. To do this, the wires are drawn to carefully-specified levels of strain, which causes T 1582 +/-0.16
precipitation of an a-Ti phase that dramatically improves the current-carrying capacity of the Nb 5363  +/-047

superconductor. To assess how uniformly the strain is being applied to NbTi filaments within a
composite wire, we have developed an image analysis technique to identify geometrical variations
among filaments in a wire and between wires from different starting billets. In this study we use
scanning electron microscopy (SEM) to perform the image analysis on two separate billets of the same
initial design. One billet is found to have relatively uniform strain variations amongst the filaments,
while the second billet is found to have a highly non-uniform distribution, as measured by geometric
variables. This relatively simple approach can provide feedback to the wire manufacturer regarding the
stability of the manufacturing process.
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Conclusion

A The percent variation of filament area within each sample wire: A —33%, B — 48%, C — 48%.

A Samples B and C came from same billet and show larger (and similar) percentage variation. Their
filament average areas differ by 8% relative to each other, evidence of moderate sausaging.

A The variation does not follow a common pattern around the twisted wire, i.e. the variation was not
present in the original billet but rather developed during wire i ing process.

Element Wt.% % Error PN o - L .
Al 005 +/-0.01 - K A Variation in performance does not appear to be due to lack of chemical homogeneity.
Cu 99.94 +/-0.21 N o F t W k

The literature shows that:

n ——J Performance Variation

And since the filaments start at the same size in the original billet:

Strain Variation E———8l Geometric Variation

So our technique provides a fast quality control check to show that:

Geometric Variation E———J Performance Variation

Plans for continued work:

A Development of a longitudinal filament image analysis methods.
A Micro-hardness and tensile testing of filaments at 293K and 77K.
A Obtain quantitative data of the current carrying ability of the sampl
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pointed out. Nb barrier for A -454 mm @ =cos™! (d/R),a=90°-O,
NbTi filament is clean and B -41.9 mm ia. of ring of filaments,
intact C-466mm R = D/2, d = filament diameter Wire and resulting filaments in a 50% by volume HNO, Etch bath.
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