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Abstract	
 This report summarizes the work done at Fermilab during CY2010 on the 
development of superconducting solenoids for future muon conversion experiments.  
This work is part of the US-Japan agreement. 

Introduction	
 

The United States and Japan have a common goal of developing magnet 
technologies for future muon conversion experiments [1, 2].  In cooperation with the 
High Energy Accelerator Research Organization in Japan, we are building small 
aluminum stabilized NbTi test solenoids in order to test coil fabrication techniques and 
study conductor properties.    This report covers the second year of this collaboration.  
During the first year, the first coil (MODEL 1) was made using conductor developed for 
the RIKEN Superconducting Ring Cyclotron [4].      In order to test these coils near the 
expected excitation current and magnetic field on conductor, an “SC Cable Test 
Solenoid” was designed and built.   The main idea of this Cable Test Solenoid is to place 
a Test Coil (such as the RIKEN coil) between two Main Coils (wound of well known 
NbTi Rutherford cable), which generates the required field of ~5T.  

Splice studies were also performed in order to develop an effective way to create 
electrical joints between aluminum stabilized conductor and NbTi Rutherford cable.  
These joints will be needed in order to make the series electrical connection between the 
Test Coil and the Main Coils, and may be needed in a future full-scale magnet.   

In last year’s report [3], the design of this coil test facility was described, along 
with the start of the coil fabrication.  Also presented were the results of spice studies 
aimed at developing effective electrical joints between aluminum stabilized conductor 
and bare NbTi Rutherford cable.   

In this report, we discuss the second-year accomplishments.  In this year 
(CY2010) MODEL 1 was finished, and assembled with the two Main Coils into a single 
test unit.  It was then tested in the Fermilab test facility (VMTF), up to field of ~5T.  The 
results of this test are presented.   Additionally, a concept design for “MODEL 2” was 
developed, using aluminum stabilized conductor produced by Hitachi cable.   Here the 
emphasis will be placed on fabrication techniques as well as conductor performance.   
Finally, “cable stack” tests were performed on ATLAS cable, in order to understand the 
mechanical properties of the aluminum stabilized conductor.  These results are applicable 
to the mechanical design of the COMET and Mu2e full scale solenoids. 
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In order to measure the elasticity modulus, the samples were repeatedly loaded in 

the axial and azimuthal directions (that refers to the cable orientation in the actual coil 
assuming the “hard” way bending) at room temperature and 4.2 K. The test results are 
shown in Figure 4.3.  
 

The elasticity modulus in the axial direction is dominated by the properties of 
(soft) insulation. Therefore, the measured modulus was relatively low: 39.4 GPa at room 
temperature and 34.5 at 4.2 K. The reason for the room temperature modulus being 
higher than the cryogenic temperature is not fully understood. 
 

In the azimuthal direction the elasticity modulus is dominated by the properties of 
aluminum stabilizer. Thus, the measured modulus is considerably higher than that in the 
axial direction: 53 GPa at room temperature and 62.7 GPa at 4.2 K. It was not possible to 
measure the elasticity modulus in the radial direction because the cables started to 
delaminate at a relatively low applied pressure. 
 

Prior to the measuring of the thermal contraction coefficients, the strain gauges 
were calibrated using pieces of aluminum and stainless steel of approximately the same 
dimensions as the cable stacks. Figure 4.4 shows the measured thermal contraction 
coefficients in the axial, azimuthal and radial directions.  
 

Depending on the calibration coefficient used (either Al or SS), the average 
thermal contraction coefficient in the axial direction ranges from 3.2-3.4 m/mm, and in 
the 3.1-3.4 m/mm range in the azimuthal direction. The thermal contraction coefficient 
in the radial direction was out of the feasibility range, perhaps due to the same problem 
that prevented measurements of the radial elasticity modulus. 
 

The measured thermal contraction coefficients in all directions are lower than that 
of pure aluminum that it indicates a too high fraction of glass in the insulation. Hence, the 
impregnation pressure of less than 40 MPa should be used for the actual coils. The 
impregnation and measurement techniques should be improved to get more reliable data. 
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