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1. Introduction 

Refer to 【Doug Glenzinski, Fermilab PAC, Jan 22-24 2014】 

The superconducting cable is used for Production solenoid, 
Transport solenoid and Detector solenoid in Mu2e project 
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1. Introduction 

We developed aluminum stabilized superconducting cable for 
Production solenoid and Detector solenoid(1)  

Cross-section of DS1 cable Cross-section of PS cable 

NbTi strand Aluminum 

Specification for DS1 & PS conductor 
Parameters  Unit Value：DS1 Value：PS 
Aluminum 5N 5N-0.1wt%Ni 
Number of strands 12 30 
Cable width at 293K mm 20.1±0.1 30.1±0.1 
Cable thickness at 293K mm 5.27±0.03 5.52±0.03 
Cable critical current at 5T, 4.2K kA ＞23.9 ＞66.25 
Copper RRR ＞80 ＞100 
Aluminum RRR ＞800 ＞500 
0.2% yield strength of Al at 4.2K/293K MPa ≧40/30 ≧80/60 
Shear strength of Al-Cu bond at 293K MPa ≧20 ≧40 
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1. Introduction 
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For Al-stabilized conductor in Mu2e project  
 High critical current 

 Bigger size (Rutherford cable , Al-stabilized conductor) 

 Low Al/NbTi ratio   
We have performed integrated development 
from strand through cable to conductor    
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1. Introduction 
Production process 

NbTi strand Rutherford cable Conforming & Cold work 
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2. R&D production for DS1 & PS conductor 

We succeeded in increasing 
10% of IC value by improving 
heat-treatment process. 

Development of NbTi strand having high IC 
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2. R&D production for DS1 & PS conductor 

Development of Rutherford cable 

By optimizing cabling process,  
   

  ◆ IC degradation : ＜ 2% 
   

  ◆ High stability in dimension  
          Standard deviation : Width 0.002 , Thickness 0.001  (DS1:1257m) 
                                            Width 0.004 , Thickness 0.001  (PS:477m)      
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2. R&D production for DS1 & PS conductor 

Cross section of DS1 Rutherford cable  Cross section of PS Rutherford cable  
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2. R&D production for DS1 & PS conductor 

Conforming & Cold work process at FISA (Brazil) 
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2. R&D production for DS1 & PS conductor 

We must control the area reduction of cold work in order to satisfy 
both RRR and 0.2% yield strength of aluminum 

Cold work 

Area reduction : ＊% 

Target area of PS 

Target area of DS1 

Refer to 【K. Wada et al., IEEE Trans. Appl. Supercond., Vol.10, No.1, pp.373-376 2000】 
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2. R&D production for DS1 & PS conductor 

Lower limit 

Lower limit 

Relationship between Al-RRR or Al-0.2% yield strength and area reduction of DS1 conductor 

The results of SEM and EDX observation of DS1 

DS1 conductor 

The condition which meets the 
specification of DS1 conductor 
was determined  



13 All Rights Reserved, Copyright© FURUKAWA ELECTRIC CO., LTD. 2015 

2. R&D production for DS1 & PS conductor 

The results of SEM and EDX observation of PS 

Relationship between Al-RRR or Al-0.2% yield strength and area reduction of PS conductor 

Lower limit 

Lower limit 

PS conductor 

The condition which meets the 
specification of PS conductor 
was determined  



14 All Rights Reserved, Copyright© FURUKAWA ELECTRIC CO., LTD. 2015 

2. R&D production for DS1 & PS conductor 

We succeeded in developing the DS1 conductor  

We succeeded in finding the process condition 
for PS conductor 
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3. Mass production of DS1 conductor 

IC , n value and RRR measured on both side of each billet of NbTi strand for DS1 conductor  

Production trends on IC , n value and RRR of NbTi strands in mass production 
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3. Mass production of DS1 conductor 
Production results of Rutherford cable 

We produced 9 Rutherford 
cables for DS1 conductor 
( Total length : 11,000m) 
 The Rutherford cables are high 
stability in dimension 

Mean : 8.740 
Std.    : 0.003 

Mean : 2.630 
Std.    : 0.002 
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3. Mass production of DS1 conductor 

We succeeded in manufacturing 9 DS1 conductors (9,900m)  

Upper limit 

Lower limit 

Lower limit 

Upper limit 



18 All Rights Reserved, Copyright© FURUKAWA ELECTRIC CO., LTD. 2015 

4. Summary 

 We developed NbTi strand , Rutherford cable and 
Al-stabilized-conductor for PS and DS1 conductor     

 We have successfully manufactured all DS1 
conductors (1,100m × 9 length)   
※ Testing of final DS1 stabilized cable production lengths is 
currently ongoing 

 We plan to start mass production of PS conductor 
hereafter ( Total length : 14,400m)  
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