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Overview 

• Quick look at Fusillo and its sub-scale coil 

• A look at Nb-Ti joint designs

• A look at winding CCT coil



Base line design V17 cold
• Field at Center point :   3.0000 T

• Current : 289.498 A

• Central inner coil radius R=128mm  , 5 mm tapered slop over coil length. 
A= skew, B=Normal

• Combined functions: Dipole A1 =-0.003 mm B2=212.64 mm, Quad A2= -
0.05 mm  B2 -3.05 mm, Sextupole A3= 0.01 mm B3=0.08 , Octupole 
B4=0.01 mm,

• Peak field  inner/outer coils :   3.562 , 3.447 T

• Load line Fraction inner/outer coils at 4.5K :  60.768% , 59.528%

• Integral on 1m rad axis 90 deg over 3.5m Tm : By -2.878, Bx -6.24 e-05, 
Bz 8.145 e-3 

• Dipole Field variation over central area 100mm dia ~ 2 gauss :

• Inductance : 9.296H

• Energy : 388.28 kJ

• 7 strand insulated rope , 10 ropes in channel. Log stacking lay out 70 
strands in total.

• Joints : 70 + 1 =71 at lead end 

• Strand and cable for the demo coil :  ~13.1 km strand , ~1.87 km rope.

• 1m rad of curvature cold!!.

• 90 deg end to end angle at the outside of the magnet 

• Former : Spar ~ 5 mm, min wall 0.5 mm, at magnet ends it increases.

• Channel size log stacking : width = 5.88 mm x Depth = 17.1 mm WARM



Sub Scale design

3.8 MPa  @ 289A, 60.7 %SS 
1.97 K margin  

1.08 MPa @ 289.097 A, 32% ss 3.168K margin  

Sub-scale used the last few turns, for the full then runs at higher current to match stress and short sample 

Scaling from SS% 60/32= 540A

3.8 MPa @ 540 A, 60.3% ss 1.98K margin
2.09T  



Sub Scale load line  

Sub Scale Nom Current 540A
Inductance 39.779 mH

Fusillo v17

Fusillo v17



Fusillo

66 turns in the formers (inner & outer)

Inner coil center radius = 128 mm

Distance between layers = 23.2 mm
Spacer between coil = 5 mm (spare 4.5 mm + insulation 0.5 mm  )
Min wall thickness = 0.5 mm ( this is good for Al, and GRP formers)
Channel size log stacking : width = 5.88 mm x Depth = 17.1 mm
Taper = 10mm over the coil length. With 118 mm inner coil radius in the center.  



Joints 

We talk about prying hands and shaking hand joints 



Joint layout types

V-Taps

Joint 

Mechanical support for v-tap

V-Taps Joint 

Mechanical support for v-tap

.

Current

Current

Force separating 
the wires

Prying hands joint 

V-Taps Shaking  hands joint 



Prying hands current distribution 

It starts with Low Current crossing over to the other wire at the first opportunity. As the current increases the it moves 
further along the joint. 

In this experiment hall probes measured the field generated by the current. 

9727200.pdf (kek.jp)

https://lib-extopc.kek.jp/preprints/PDF/1997/9727/9727200.pdf


Shaking hands power distribution 



Joint testing 

To measure the joint resistance, use a stare case current ladder. Up and down with plateaus   

The voltage tap wires must not be in the same solder as the joint!    
Also due to the common problem of dry joints the connections need a mechanical support on top of the soldered connection. 



MCBRD joint design 

Insulation design at the joints is critical as it’s the place where the cable insulation stops!  The joint 
insulation should extend 5 to 10 mm past the end of the joint and where the cable insulation stope 

5 to 10 mm = > 5 kV to 10 kV



CERN test results in liquid 4.5K
I would like to have 1 nOhm so they are still high at 4 to 8 nOhms but work in liquid

Removed copper outside 
of the blue line 



Joint tests om 0.3mm dia wire f(joint length)



Very low resistance, Persistent joints  



Pb42.5Bi55.5
Niobium-titanium (Nb-Ti) superconducting joints for persistent-
mode operation (nature.com)

https://www.nature.com/articles/s41598-019-50549-7.pdf?pdf=button%20sticky


Superconducting 
Solder 

Superconducting at 4K 
and < 1000 gauss

1000 
gauss



Bismuth joints 10e-14 Ohm’s
• Persistent joints 
• Pros :  low resistance just about superconductive, 

lends itself to persistent mode operation and 
conduction cooling. 

• Cons:  several processes available but are Complex,  
need to remove copper with Acid, overcome the oxide 
layer on the Nb-Ti tin bath, build joint in fume-
cupboard , 350 C short time not to damage 
superconducting Nb-Ti material starts to be damaged 
at 400C =-10 % 

• We could think to make a combination use the pots 
with bismuth and remove some copper  ?  

see link to Greg’s Phd on persistent joints 



A must read! 
Greg

Greg’s PhD covers all 
the types of 
persistent Join 
processes and 
chemistry.   

download_file (ox.ac.uk)

https://ora.ox.ac.uk/objects/uuid:0468d27b-4d79-4ff0-a130-b9ce38b1adcb/download_file?file_format=application%2Fpdf&safe_filename=Brittles_DPhilThesis_Dissemination.pdf&type_of_work=Thesis


Joint pots

Electrical insulation in this case is the gap in liquid helium 

Joint pots offer low resistance are good for conduction cooling, they 
also provide magnetic field shielding with the 150 – 200 mm long 
twisted wire joint that is inside the pot !  



LHC Cable joints 

60 mm 

120 mm
Two twist pitches 

If you want the 1 nOhm with a std 
soldered joint, The joint length is the 
same length weather its 60 A or 10 kA
The cable just has more strands.  

Joint failure damaged 50 magnet 



Target resistance value   1nOhm



Fast ramping joint 
resistances  

Joint inductance can give higher voltages 
with ramping of the current  !

Electrical joints in the cms superconducting magnet - Applied 
Superconductivity, IEEE Transactions on (infn.it)

https://www.ge.infn.it/~farinon/publications/CMS/Electrical%20joints%20in%20the%20CMS%20superconducting%20magnet.pdf


Joint box   (80 joints) 

- The 7 strand ropes exit the channel and are separated. 
- There is a sealing zone for the impregnation
- Voltage tap box (not yet in the design )
- Then the individual wires are supported and guided to 

the 150 mm long joint that is in liquid ! 

4 zone joint box

Sub scale coil will test this plan 

Joints box zone 4

Sealing zone  2

Separating zone 1 

V tap box zone 3
(not yet in the design)  



Joint box 
Development



Joint subjects not covered in this talk 

• Friction welded mono-filament joints 

• Nb3Sn Joints (resistive and persistent)

• Conduction cooled joints with cryocoolers

• The zoo of HTS joint designs a big subject.   



Notes on Test Coil Winding 



Winding tests 





Winding instability
Winding 

force 

Winding 
force 

At the bottom, the 
rope is pushing 
against the wall of 
the channel 

At the top, the rope 
is trying to ride up 
over the adjacent 
rope. 





3D printed inserts
At first, we put spacers top to hold the top part of the cable in place 



Channel  A
Rope in 
correct 
position 

Channel  B
Rope has 
moved up 
over the 
adjacent 
wire into 
the wrong 
position 



Additional glass rope 

The additional glass rope helps fix the superconducting round cable keep in position 





Sub-scale winding test

Note the cable clamp system 



Dani’s, you tube films & Mike’s idea’s 

https://youtu.be/jziguNhHCg8

https://www.youtube.com/playlist?list=PLeC-OFQnTJU_-
4SBEik2P-025CHFe9ZzN
https://www.youtube.com/watch?v=1BVQtau7L5w
https://www.youtube.com/watch?v=7x09XcfOCsE

We have been developing an external tube to hole the wires 
in the channel. 

Mike’s original idea small quad Coil winding Dani’s  Sushi CCT 

https://www.researchgate.net/deref/https%3A%2F%2Fyoutu.be%2FjziguNhHCg8
https://www.researchgate.net/deref/https%3A%2F%2Fwww.youtube.com%2Fplaylist%3Flist%3DPLeC-OFQnTJU_-4SBEik2P-025CHFe9ZzN
https://www.researchgate.net/deref/https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D1BVQtau7L5w
https://www.researchgate.net/deref/https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D7x09XcfOCsE


Coil winding machine is still under discussion 

Thanks to Oliver for the animation 



The End 


