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Processing on Microstructure and Properties in Cu-Nb Composite Wire
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Introduction

Cu–Nb microcomposite wire is a good candidate for winding high-field pulsed magnets. In application, the wire is exposed to deformation and high temperatures. Both deformation and high temperature annealing may induce changes in microstructure and properties. This report describes our investigation of 1) the property changes after annealing, and 2) deformation of conductor wire that occurs at bending strain due to winding. 
Experimental 

Annealing was undertaken for 1 h. The samples at both drawn and annealed states were investigated by measuring hardness, electrical resistance and magnetoresistance (MR) and by examining microstructure. The samples for MR were immersed in liquid nitrogen at -196 ± 2 (C. The magnetic flux density was perpendicular to both the wire axis and current direction. The microstrain in wires subject to bending deformation was measured by examining samples normal to the longitudinal direction. From micrographs taken from both the coil and from the non-bent straight sections of wire, the area change due to deformation of individual sub-elements across the width of the sample from inside coil to outside coil was measured. 
Results and Discussion


Changes in neither microstructure nor hardness were found in samples annealed below 500 (C. Microstructural change within the Nb films was observed in samples annealed at and above 500 (C. The MR at -196 (C (77 K) increased with magnetic field (Fig. 1). At temperature above 500 (C, recovery and recrystallization occurred, and both the electrical resistance and hardness decreased. 


The bending plastic deformation strain is dependent on the ratio of bending diameter to wire thickness. When the ratio is close to 4, the tensile plastic deformation bending strain values can be greater than 15%, above the elongation of the high strength Cu-Nb wires that had been annealed at optimized temperature. The maximum bending strain is very close to true strain estimated from the fracture surface. Thus, reduction-in-area at fracture rather than elongation can be used to estimate the maximum bending strain and optimize the annealing temperature. From microscale, bending strain may be inhomogeneous in the wires. Close to inside of the wire, the material is in compression along the length of the wire, resulting in area increase in subelement greater than 25%, larger than the shrink of the subelement on the tensile side.  Bending deformation results in keystone shaped wires which reduces the packing factor.
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	Fig. 1 MR of wires plotted as annealing temperatures tested at -196 (C (77K). The annealing temperature for the as-drawn specimen is assumed to be 25 (C.
	Fig.2 Measured filament area change (%) across the width of the wire with a winding diameter of 6.4 mm. 
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