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[5] Summary

• 2 methods Proposed for overlap joint of Rutherford cables : DB b/w bare and 

ElectroPlated cables during HT reaction and soldering between reacted cables.

• All methods Screened in 15 T magnet facility (I up to 1 kA) and then DB joint 

samples Tested in 12 T SULTAN facility (I up to 22 kA).

• Joint resistance < 1 nΩ with Diffusion Bonding / probably also with Soldering. 

[4] Tests in SULTAN facility

[2] Joint Preparation[1] Splices b/w cables for FCC

Preliminary investigations of Rutherford cable 

splicing techniques for high field accelerator magnets

• High field (HF) magnets require coil grading to increase magnetic field and 

decrease magnet cost.

•.Joints b/w LF/HF Rutherford type cables must have low resistance (<1 nΩ) and 

reasonably good mechanical strength.

Initial 
Proposal

• 2 methods proposed

• Diffusion Bonding (b/w bare cables 
and electroplated cables), Soldering

Feasibility 
Study

• Destructive analyses

• Soldering process

• Diffusion bonding process

Preliminary 
electrical 
analysis

• Objective: screening

• 15T, 1kA facility:

• Available, tests are quick

SULTAN 
Tests

• Tests at 
up to 
10.9 T, 
22 KA

Internal vs external 

joints

• Joints made during Heat Treatment 

(HT) process.

• Cables are overlapped and 

pressed within steel plates.

• Springs are used to maintain 

pressure at High temperature.
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Soldering

• Joints made after Heat Treatment (HT) 

process.

• Different fluxes and solders foil/wire are used 

in each sample.
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[3] Tests in 15 T Magnet facility

• Screening tests at B up to 15 T and I up to 1 kA.

• Tests on Diffusion bonded samples and Soldered 

joint samples.

• Observations from tests: Rjoint<1nΩ. Rjoint does not 

depend on I but increases with B.

• Disadvantage of 15 T facility: I too small, error too 

high: conclusion cannot be drawn.

• Advantage of 15 T facility: always available for a 

quick screening. 
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Pressure*: 5, 20 and 50 MPa 

Cu foil: 50 µm
*average pressure at room temperature 

(averaged over joint area) :
P=Force/(Joint length(110mm) X Joint width(20mm))

S=Solder joint, SA=Sn95Ag5

SP=Sn60Pb40,SAC=Sn99Ag0.3Cu0.7

W=wire, F=foil, a,b=identical samples

CJ=Cern Joint, H2/3= Heat treatment #2/3, D50/20 = 

Diffusion bonding at 50/20 MPa, C000/050= no Cu foil in joint 

region/ Cu foil of 50 µm thickness, a,b=identical samples

Rjoint vs B for Soldered 

joint samples

Rjoint vs B for diffusion 

bonded joint samples

Rjoint vs B
Rjoint vs B compared to 

theoretical calculations

Self field of cables + imposed 

magnetic field of SULTAN

Pressure*: 4, 14, 35 & 55 MPa, Cu foil: 50 µm
*average pressure at room temperature (averaged over joint area)

P=Force/(Joint length(110mm) X Joint width(20mm))• Tests at B up to 12 T and I up to 22 kA.

• Conclusions from tests: Rjoint<0.6nΩ. Rjoint does not depend on I but increases 

with B.

• The increase with B could be explained by magnetoresistance phenomenon.

• Limitations: test operating parameters still far from requested range of B and I.

• 4 MPa joint has Rjoint ~ 40nΩ and dissipates too much heat  Quench.

• 14 MPa joint with Cu foil: Results diverge: repeatability?, statistics?
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Test operating Parameters

CJ=Cern Joint, H4= Heat treatment #4, D14/35/55 = Diffusion bonding at 

14/34/55 MPa, DEP= Diffusion bonding b/w Electroplated cables, C000/050= 

no Cu foil in joint region/ Cu foil of 50 µm thickness, a,b=identical samples

[6] Outlook
• An exchange with the coil developers has started for a feedback on requirement 

and constrains on procedures. 

• Another method: Crimping and subsequent soldering is being tested in April.

• 2 methods soldering and diffusion bonding + 1 new method ultrasonic welding 

will be further investigated by resistance test in SULTAN.

• Quality Assurance methods to each of the procedures will be investigated.


