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Abstract:
Testing the critical current of cables under compression is a means to assess the performance of the final magnet. However, these cable tests are complicated and expensive. A fixture to assess the superconducting performance of a reacted Nb3Sn cable under compression by testing the critical current of its single Nb3Sn strand components was conceptually designed. This device should provide V-I measurements for currents up to 1-2 kA in liquid helium at 4.2 K and in high transverse magnetic fields up to 15 T. A cable sample is compressed between two plates. The bottom plate is driven up by a rod assembly, which is pulled up by a hydraulic cylinder placed on the top flange of the device. The cylinder allows applying a load up to 20 tons to the cable sample. Copper leads cut from tubes convey the current to the sample. 

1. INTRODUCTION

During magnet fabrication and operation the critical current, Ic, of a Nb3Sn virgin strand is reduced due to various factors. In the wind and react technique both strand deformation during cabling (before reaction) and cable compression in the coil (after reaction, due to coil precompression and Lorenz force) contribute to Ic degradation. This latter factor is due to Jc sensitivity of Nb3Sn to strain. In the react and wind method, there is also to take into account the degradation due to the bending strain introduced during winding.

To assess magnet performance, the critical current of cables under compression could in principle be tested. However, these cable tests are complicated and expensive. This is why a custom fixture is being designed to assess the superconducting performance of a reacted Nb3Sn cable under compression by testing the critical current of its single Nb3Sn strand components. This device, that may be called Cable/ Strand Strain Test Fixture (C/SSTF), should fit the existent Short Sample Test Facility (SSTF) [1].  To simulate at best the real conditions in which the superconductor will operate in the magnet, the pressure will be applied to the strand without removing it from the original cable. Cable samples will be insulated, stacked together and possibly impregnated in order to improve pressure distribution.

A similar setup was successfully built in 1981 at IHEP, Protvino, USSR, to measure the inter-strand resistance of NbTi cables under pressure [2]. The scheme of this setup is shown in Figure 1 below. The samples are compressed between two plates (8 and 9 in Figure 1). The bottom plate is driven up by a rod assembly (3), which is pulled up by a pneumatic cylinder (2) placed on the top flange of the device (10). The top plate (8) is welded to a tube (11), which is itself welded to the top flange. The assembly is immersed in a liquid He cryostat with the samples placed at the center of a superconducting solenoid (7). To insure a uniform pressure distribution on the samples, the bottom plate (9) is equipped with a metal sphere. A bellow (12) mounted between the top flange and the rod prevents He leaks at the top. 


2. CONCEPTUAL DESIGN

The C/SSTF should operate in liquid helium at 4.2 K and in magnetic fields as high as 15 T. In the case of a device for critical current measurements, copper leads to carry currents up to 1-2 kA to the sample have to be added to the setup previously described. In order for the leads to fit together with the rest of the setup in the small space available in the solenoid bore of the SSTF (64 mm of internal diameter), it was thought to cut them from copper tubes. 

This is shown in Figure 2 below. The Nb3Sn cable sample (green in Figure 2) is compressed between two plates. The bottom plate (1) is driven up by a rod assembly (2). The top plate (3) is welded to the support tube (4), which is itself welded to the top flange of the device. The copper leads fit tightly in the tube, ending at the bottom on top of the insulator (5). To insure stability to the sample, the leads will be fixed to the insulator and let expand due to thermal contraction only at the top within the flange of the device. 
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To drive up the rod assembly, a single action hydraulic cylinder mounted on the top flange of the device could be used. At present, one can find powerful compact cylinders, as shown in Figure 3 below. Under the following assumptions: 

· Cable sample of about 20 mm x 50 mm in size due to space constraints, and

· Maximum applicable pressure of  200 MPa to simulate the real operating conditions of the cable in the magnet,

the cylinder to be chosen in Figure 3 could be the 20 tons one. 

The center hole diameter of such a cylinder would fit a 1 inch rod. With a 20 tons load, a stainless steel with a tensile yield strength of only 400 MPa would be required. 

[image: image2.emf]
In Figure 4 below, a scheme of the hydraulic cylinder (red in Figure) mounted on the top flange of the device (magenta) is shown. The cylinder has to be raised with respect to the flange to allow room for the current lead assembly and flags, and for the helium venting pipes and the voltage tap connector (not shown in Figure). The whole assembly is shown below on the right.
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3. SUMMARY

Precise sizing of the C/SSTF will require accurate mechanical and thermal analyses. In addition, sample preparation will also need to be better defined. A procedure will have to be found to heat treat the sample and handle it afterwards, when it is brittle and strain sensitive. An impregnation technique will also have to be chosen, as well as a method for sample mounting and soldering. 
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Fig. 2	Conceptual design of the C/SSTF to measure the critical current of Nb3Sn cables under pressure.
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Fig. 1	Setup built in ’81 at IHEP to measure interstrand resistance of NbTi cables under pressure.
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Fig. 3	Hydraulic cylinders and parameters.
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Fig. 4	Top part (left) and whole assembly (right).
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