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Cos-θ : Coil 3D design

• Design A coil
– Straight section = 200 mm

– Total length = 670 mm

– Cable unit length : 17 + 3 m

• Design B coil
– Straight section = 200 mm

– Total length = 700 mm

– Cable unit length = 21 + 3 m 
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• Coil winding tools – Design B
– Delivered Nov 2016

Cos-θ : Tools 1/2
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• Coil winding tools – Design B
– Delivered Nov 2016

Cos-θ : Tools
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Cos-θ : Tools 2/2

• Coil Impregnation tools - Design B
– Delivered Dec 2016
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Cos-θ : Tools 2/2

• Coil Impregnation tools - Design B
– Delivered Dec 2016
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Cos-θ : End spacers

• Procurement for 3D printed of end spacers placed

– Call for tender launched June 2016 (7 companies, 3 answers)
– Order placed with the French company 3D PRINT for 1 set of spacers (6.3 k€)
– Delivery initially foreseen for mid-October 2016  January 2017 

– Waiting for new spacers replacing nonconforming ones (6/18)
– New call for tender launched, without 3DPrint (France), for 2 x 2 sets

• Janke (Germany) +3T (UK)+ Layerwise (Belgium)
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z direction
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Cos-θ : Coil B « Thin » cable



Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Cos-θ : Internal connexions
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Superconductor side

Superconductor side

• CAD design



Splices

• Copper box, heating tool received

• 450 mm long splices (1.5 x Tp)

• Need for 2 x 750 mm long cable per splice test
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500 mm



Cos-θ : Schedule

• Spacers (4 sets) Delivery : Mid of March

• Dummy coils (winding-impregnation): 
– Coil D0  End of February (if new 3D Print spacers usable)

– Coils D1 and D2  April 2017

• Dummy magnet assembling: May 2017

• SC coils: June/July 2017
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Cos-θ : Cable needs

• Dummy “thin” cable: 
– 1 x 24 m received mid of June 2016, ready on winding reel

• Final design (2 x 5.85 mm, not 5.9 mm) ?

– 1 x 24 m ready at KIT

• Superconducting “thin” cable : 
– 3 x 2 m for splice tests

– 3 x 24 m – May 2017
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Extra slides
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Activities in Saclay are focusing on B design model, based on thin cable 

• Procurement on B design components and tools started in Mai

• Winding tools partially received. Delivery completed mid-end October.

• Impregnation mold delivery foreseen mid October

• Order for 3D printed end spacers placed to French company 3D Print

• To be delivered by mid-October

• 1 length Dummy cable 1 x 24 m – Received in June

• Prepared on winding reel

• 2nd length dummy cable ready at KIT

• First Dummy coil : November 2016 (tbc)

• Second Dummy coil : December 2016 – January 2017

• Dummy magnet : January 2017

• Start working of SC magnet: February 2017

Cosine Theta model – old slide Oct 2016
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Cos-θ B
1.0 mm + 2x125µm insulation

17 turns
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Cos-θ design - standalone
• Design A - Cable A – « thick » cable : 12 x 1.2 mm² bare, 13 tapes Bruker 140-µm thick

• Design B - Cable B – « thin » cable : 12 x 1.0 mm² bare, 15 tapes  ép. 100 µm-thick

Cos-θ A : 1.2 mm + 2x100µm insulation, 14 turns

Cos-θ B : 1.0 mm + 2x125µm insulation, 17 turns

Layout Unit Cosϑ A Cosϑ B

Iop kA 11.68 10.06

Bop T 5 5

Bpeak T 5.7 5.8

Ic kA 14.4 15.2

LL margin (%) 20 34

T margin K 20 30

Sd. inductance mH/m 0.49 0.73

coil inner radius mm 22 24

yoke inner raidus mm 50 50

yoke outer raidus mm 112 110

Nb. of turns - 14 17

Unit len. of cond. m 20 24
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Cos-θ : Insert Mode• Insert Mode
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Layout Unit Cosϑ A Cosϑ B

Iop kA 6.4 7.1

Bop T 2.1 + 13 2.6 + 13

Ic kA 7.1 7.9

LL margin (%) 10 10

T margin K 8 8

S. inductance mH/m 0.37 0.55

M. inductance mH/m 1.37 1.77

coil inner radius mm 22 24

inner tube th. mm 6 8

outer shell th. mm 12 10

Fx per ½ coil kN/m 1226 1669

Fy per ½ coil kN/m -60 -95

Fz kN 61 90

σT MPa 140 155

σR MPa 75 (~50) 110 (~70)

azi. deflection µm 125 140

von Mises inner MPa 600 760

von Mises outer MPa 240 250

Layout unit Cosϑ A & B

bore radius mm 16

external radius mm 49

pad (collar) th. mm 2.5
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Cos-θ : Quench protection

• Quench analysis by Erkki Härö and Antti Stenvall (TUT)

• DESIGN A,  done

• Standalone: very challenging

• Insert mode: ok

• DESIGN B,  to be done
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Standalone Insert Mode
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Cos-θ : Magnet ends

• Two end designs
• One spacer per cable turn

(ew: 7.6 mm, hw: 2 m)

• Conventional design, 2/3 cable blocks 
(ew: 7.3 mm, hw: 22 cm)

• Winding test with SS dummy Roebel cable

• Similar behavior for both ends 

 Keep the conventional way as baseline
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Lead end (ew = 7.8 mm; hw = 2.0 m)

Return end
(ew = 7.6 mm; hw = 2.0 m)

Return end
(ew = 7.3 mm; hw = 0.22 m)
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• Innermost turn path outwards the magnets

• Winding tests  improved support for the final coil



• Tests in collaboration with KIT on Desing B OK !

Cos-θ : Magnet ends
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35°
r = 22 mm

35°
r = 22 mm

twist around central line

74° over 80 mm

Cable location

Straight section

Lead end

Mold 3 : twist 75° x 110 mm Mold 2 : twist 75° x 80 mm Mold 1 : S1 + twist + S2
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New winding test n°7

• Winding test up to 12 turns -> To test tooling and procedures

• Old dummy cable (used for winding test n° 6)

• 2 tapes removed  bare thickness ~1.0 mm +/- 0.1 mm

• First 12 End spacers 3D printed
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Cos-θ : Instrumentation

• Trace development ongoing
• Voltages taps

• Temperature sensors
• Strips inside the cable going out from the winding on the outer surface

• Long strips on the outer surface of each coil block

• Central wire co-wound to cancel inductive effects ?
• Actual nominal gap in Roebel cable 12-2x5.9 = 0.2 mm 

• Pick up coils on the polar plane or on coil end ? 
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