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Relative Strain in Bending of Cu-Nb Composite Wire
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Introduction

Copper-matrix composite wires with niobium filaments provide high strength and high conductivity [1-2] for winding high-field pulse magnets [3].  As the wire is wound around different diameters, both the transverse cross-section of the wire and the niobium sub-elements are deformed because of differential stress.  Each sub-element cross-section area change can be a related to local strain and thus be mapped to give a detailed internal strain distribution [4].
Experimental 

Three coils of 6.4, 7.9, and 12.7 millimeters in inner diameter were wound according to the same tension and feed rate.  The samples were sectioned to give a transverse cross-section on the wound and on the non-wound portion.  The samples were mounted and polished.  Analysis was done in a Zeiss 1540 EsB cross beam Field Emission Gun Scanning Electron Microscope (FEGSEM).  All areas of wound cross-sections were normalized to the non-wound cross-section area.  The transverse rectangular cross-section shape is deformed during winding into a keystone with an expanded inner dimension and a contracted outer dimension. 
Results and Discussion


Individual filaments were correlated (Fig. 1) and normalized filament area changes were calculated and mapped onto the cross-section surface (Fig. 2).  The two smaller diameter coils show a much greater diversity of filament area size among different filaments.  This indicates a larger amount of stress than expected.  It is also observed in the area change.  However, the 7.9 mm coil contained the least amount of strain on the inside surface and the no strain line of 0 closest to the inner surface.  The smallest diameter coil had the widest variation of strain going from 26 percent on the inner surface to -30 percent on the outer surface.  The largest diameter coil of 12.7 mm had the least amount of strain spread, the least maximum strain, and smoother and more consistent gradation across the width of the wire.
Conclusions
 
Through the use of detailed microanalysis it is has been demonstrated that strain comparisons can determine the limits of coil diameter winding for intended use in high-field magnets.

Acknowledgements

This work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  

References

[1] Deng LP, et al., J. Alloys and Compounds, 602, 331-338 (2014).

[2] Deng LP, et al., Rare Metal Materials and Engineering, 44,1696-1701 (2015).

[3] Han K, et al., IEEE Transactions on Applied Superconductivity,12,1176-1180 (2002).

[4] Han K, et al., Philosophical magazine, 84, 2579-2593 (2004). 
                        [image: image1.jpg]AN R ese S OOT ATl
AR AL DO T
SaeusaRue’ XARZTK




                       [image: image2.png]Filament Area Change by Winding Diameters

—ii==mmm Toward coil interior




          Fig.1 Niobium Filaments in Coiled Wire.                   Fig. 2 Contour Map of Inferred Strain

