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Deformation Characteristics and Shear Reduction in rolled Nb3Sn Strands
Brown, M. (ASC/NHMFL, FSU); Tarantini, C.; Starch, W. (ASC/NHMFL); Oates, W. (AME, FSU); Lee, P.J. and Larbalestier, D.C. (ASC/NHMFL)
Introduction

Rolling studies performed on initially round PIT and RRP® strands show that the acceptable limits of diffusion barrier deformation have a distribution depending on the position of the filament (PIT) or sub-element (RRP®) within each strand and its rolling deformation. We showed that rolling damage, which initiates matrix Cu RRR reduction, happens primarily to the inner filaments or sub-elements. In the much more uniform round wire deformation needed to produce the wire, the filament shape degradation is lower and concentrated at filaments near the wire perimeter.  Rutherford cables have damage which is highly variable and non-uniform.

Uniform vs. Non-uniform Deformation
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Because of the vital need to maintain high RRR, much discussion concerning the outer sub-elements on the corners of the hexagonally stacked RRP® strand (Figure 1) has occurred. These sub-elements are the most deformed in round wires.  However, they show rates of leakage far below inner sub-elements having lesser aspect ratios after rolling. We attribute this difference to the greater uniformity of plastic deformation during drawing as opposed to the non-uniform deformation of rolling or cabling. 
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This non-uniform deformation has become a key concern in recent work, and efforts are being made to reduce the damage that is currently necessary to manufacture a Rutherford cable from both PIT and RRP® conductors. During rolling or cabling damage appears to occur by squishing and shearing of the filaments or sub-elements. One way to reduce both squishing and shearing is to provide support on the sides of the strand during rolling, preventing lateral expansion of the sides of the strand, and reducing shear within the cross-section. This results in a square or rectangular cross-section.  We are exploring whethere there are other benefits such as giving a more dense strand packing, and reducing regions of high non-uniform plastic strain caused by point contact between round strands.
FEA Modeling Efforts
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Our concern with the plastic deformation experienced during cabling has naturally led to FEA modeling of the filaments and sub-elements within. Under the direction of Dr. Oates, an FEA model to simulate the deformation of a single filament or sub-element has been made and will be extended to a full cross section of the strand in the future. Figure 2 shows a preliminary model of an isolated filament in a PIT strand. We plan to use this model in an attempt to better understand the consequences of geometrical and structural changes within the strand.
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Fig.1 As-drawn RRP strand showing corner hexagonal sub-elements





Fig.1 Stress map of PIT filament in process of deformation under vertical normal stress.









