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Abstract: 
 
This report presents the design of a sample holder for measurement of the critical current of Nb3Sn 
cables at FRESCA (CERN cable test facility). This design is based on the sample holder presently 
used at FRESCA for NbTi cables and fits its external part (“collars”). The Nb3Sn cables will be heat-
treated using a reaction holder and an appositely designed retort. They will be impregnated inside the 
sample holder used for test. The pre-stress will be generated by addition of a Kapton layer to the cable 
stack after impregnation. Two “dummy” cables, surrounding the cables under test (“active”), provide 
a magnet-like environment and protect the active cables during assembly and pre-stress application. 
Three splices inside the sample holder connect the two active cables to each other and to the NbTi 
leads. The splices are cooled by liquid helium locally in contact with them. In a regular test the splices 
are located outside of the region exposed to the magnetic field. In a special test, where the active 
cables are completely within the field region, the splices are set at the boundaries of the field region.  
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Figure 1:Solid model of the sample holder for Nb3Sn cable test at FRESCA 

New sample holder for
Nb3Sn cables – bottom 

New sample holder for
Nb3Sn cables – Top 

Collars used for both NbTi
and Nb3Sn cable holders 
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1.  INTRODUCTION 
 

Fermilab is developing new generation superconducting magnets for present and future 
accelerators [1], including large-aperture high-gradient quadrupoles as part of the LARP (LHC 
Accelerator Research Program) [2] in collaboration with LBNL and BNL. These magnets utilize 
multi-strand Rutherford-type cables of different designs made of high critical current Nb3Sn strands. 
Testing of cable short samples is an important part of the magnet R&D program. In recent years tests 
of Nb3Sn cables for accelerator magnets were performed at NHMFL and BNL [3-7]  

In 2004 collaboration between Fermilab, CERN and LBNL was started, aiming at testing Nb3Sn 
cable samples at FRESCA using a new sample holder appositely designed (Figure 1). These tests will 
contribute to the Nb3Sn magnets R&D and will prove the capability of FRESCA in testing high-Jc 
Nb3Sn cables made of state-of-the-art strands.  
 
 
2.  FRESCA TEST FACILITY 
 

FRESCA [8] is the cable test facility in operation at CERN. The field is provided by a NbTi 
dipole capable of 10 T at 1.9 K. The field is uniform along 600 mm. A detailed field profile is shown 
in Figure 2. The power leads can carry 32 kA and a superconducting transformer has been successfully 
tested up to 40 kA [9]. Tests of NbTi cables are routinely performed at 4.2 and 1.9 K using the cable 
sample holder shown in Figure 3.      
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Figure 2: Field profile in FRESCA  
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3.  SAMPLE HOLDER DESIGN 
 

In order to test Nb3Sn cables at FRESCA a new sample holder was needed. It was decided to 
fabricate one that could fit the external part of the existing NbTi holder “collars” (see Fig. 3). There 
are several advantages coming from this choice. The external part of the holder have to fit into the 
magnet bore and should have channels for liquid helium, pins for the centering and bolts to apply the 
pre-stress on the samples. By using the external part of the existing NbTi holder all these features 
come for free and both cost and fabrication time are reduced.  

A solid model of the Nb3Sn cable sample holder is shown in Figure 1. The inner part of the 
holder is the new one. It consists of a stainless steel case (a U-shaped base and a top cover) 
surrounding four cables. Two active samples are in the center of the cable stack. Two dummy cables 
provide a magnet like environment and protect the active cables during assembly and pre-stress 
application. This concept was successfully used in the sample holder for Nb3Sn cables designed by P. 
Bauer et al. at FNAL for tests at NHMFL and BNL [3].  

Three splices will be located inside the sample holder: a splice between the two active Nb3Sn 
cables in the bottom part of the holder (return splice), two splices between the active cables and the 
NbTi leads in the top part of the holder (lead splices). In order to have stabilization and cooling of the 
return splice two copper strips will be part of the splice block (Figure 8). Holes in the sample holder 
will allow heat exchange between the lead splices (see drawings in the appendix) and liquid helium. 
The Nb3Sn samples will be 1730 mm long in order to have all splices outside of the field region 
(Figure 2).  

The impregnation of the samples will be performed in the final holder. Also this concept was 
successfully adopted in the sample holder used at NHMFL and BNL [3]. This choice avoids the need 
of a mold for the impregnation and of very tight tolerance on the bottom inner surface of the sample 
holder. The impregnation procedure will be the same as for FNAL Nb3Sn magnets. It will be 
performed in a vacuum oven, with the sample standing at ~30 degrees from the bottom. The epoxy 
(CTD 101) will be injected from the bottom end of the sample (Figure 7). O-ring seals all along the 
sample holder (Figure 4) will force the epoxy, pushed by gravity, to fill it impregnating the sample. 
The epoxy flow will be stopped when it reaches the splices to the NbTi leads. 

 
Figure 3: Photos of the sample holder for NbTi cables used at FRESCA 

“Collars”Internal part of 
the sample holder 
for NbTi cables 
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 Pre-stress will be applied by means of interference between the cable stack and the top plate of 
the holder. This interference will be created by inserting a Kapton film (50 µm thick) on the top of the 
cable stack after impregnation. The bolts on the collars will be used to push the top plate in contact 
with the base, closing the gap created by the interference. In case of excessive load applied to the bolts 
the extra-load will be transferred to the sides of the U-shaped base, that is stiffer than the cable stack, 
reducing the risk of excessive pre-stress on the cables. 

Shoulder-bolts at the top and bottom of the sample holder will keep the top plate aligned with 
the base during shipment and installation (see Figure 7). Temporary clamps will be used for shipment 
and during the insertion of the inner part of the sample holder into the collars. 

A Finite Element analysis was performed in order to compute the stress distribution in the 
Nb3Sn cables after pre-stress application, after cooldown and at maximum forces (32 kA and 10 T). 

 

Figure 4: Cross section of the sample holder. Dimension in mm [inches]. 

Grooves 
for O-rings 
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The goal of this study was to check the design and optimize the pre-stress. The magnetic forces have 
been computed for three sample orientations: background field transverse, parallel or anti-parallel to 
the cable self-field. The transverse orientation was rejected because the torque generated at maximum 
field and current could damage the test facility. The analysis showed that the sample holder (new inner 
part for Nb3Sn cables and old collars) can provide sufficient pre-stress and support when the 
background field is parallel or anti-parallel to the self-field. The FE models and the results are 
presented and discussed in [10] for an earlier version of the sample holder based on the same concept. 

A groove (Figure 4) is machined along both sides of the sample holder. It offers a channel for 
the helium, necessary for the cooling of the splices inside the holder, and it will also accommodate the 
wires for voltage taps. 

The NbTi leads will be made out of cables used for the inner layer of the LHC dipoles. They 
will be connected to the test facility by pressure contacts (i.e. without splice). In order to have a low 
resistance (1-4 nΩ), the NbTi leads should be pre-solder into the shape best fitting the pressure-contact 
fixture. CERN will take care of pre-soldering the leads before shipping them to Fermilab. 

 
The sample holder has been designed to allow testing of Nb3Sn cables (1090 mm long) 

completely set in the field region. This sample set up has been designed for testing cables that may be 
unstable at low magnetic fields [11]. In this case the splices will be set at the boundaries of the field 
region and will be cooled by helium locally in contact with the splices. 

 

 

Figure 5: New reaction retort design to fit the IB3 oven 
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4.  SAMPLE PREPARATION 
 

The Nb3Sn cable samples can be insulated before heat treatment (using ceramic or S2-glass 
tape) or after it (in this case also an E-glass sleeve may be used). The heat treatment will be performed 
into the oven (L&L Special Furnace) used for Nb3Sn cable and coil heat treatment in IB3. A new 
reaction retort (Figure 5) has been fabricated in order to accommodate samples as long as 1740 mm. 
The samples will be placed into a reaction holder in order to keep them straight during the heat 
treatment. Witness samples of strand will be set at both ends of the retort and in its center. The 
temperature uniformity in the oven, (+/- 4 C°) at the set points of a typical Nb3Sn reaction cycle, is 
presented in [12].       
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APPENDIX A - design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Left: end view of the Nb3Sn sample holder. Right: All Nb3Sn sample holder 

Figure 7 Left: Return end of the sample holder with pipe for epoxy impregnation. Right: Lead end with NbTi leads 

 
Figure 8 Left: return splice with copper shims. Right: lead splices 

 Shoulder bolts 




