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Motivation

High field solenoid magnets are used in several research fields. 

With classical LTS materials (Nb3Sn and NbTi) the upper field lies between 22 T and 24 T.

The generation of higher fields requires very expensive (infrastructures) hybrid

magnets.

Opportunity - HTS materials can be operated at field well above 25 T, with capital and

operating costs much lower than the ones of resistive magnets.

Today Bi2223, Bi2212 and REBCO coated conductors are available from industry. 

Current density at high field is continuously improved for all of them, but REBCO coated

conductors on Hastelloy substrate still provide a unique combination of high tensile

stress and high Je, both are required for high field solenoids.
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Motivation

Coil technology should be adapted to coated conductors.

One important issue is quench protection: low NZPV means that quench should be 

quickly detected and current quickly decreased.

One option is non-insulated coils

Advantage: very large tolerance to over-current, ref. MIT

Disadvantage: long time constant before field is stable, especially in layer wound coils. 

Therefore double pancake construction is mandatory, at least for laboratory magnets. 

Should we rethink quench protection considering the quench origin?
LTS coils quench because of wire movements, vibrations, shocks, sample heating,…
HTS coils won’t quench because of wire movements but they can quench if very large energy is 
deposited, or Ic is overcome, or if the wire is locally damaged.

τ > 50 s
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Coil design

Objective - Design and build an insert (at least 4 T of additional field) for a 
commercial 12 T magnet (80 mm bore, 1% uniformity in 30 mm diameter sphere).



Coil Construction
• Superpower tape SCS4050

• no insulation turn to turn

• All double pancakes wound on the 
same fiberglass former

• Winding tension about 2 Kg 

• Cardboard insulating disks between 
pancakes

• Wax impregnation

Ø 56 mm



Coil Construction

12 mm wide coated 
conductor tape, cut in 

diagonal

Brass strip for mech. 
Reinforcement 
(Hastelloy side)

Joint preparation

121 mm

All electrical contacts are 
on the ceramic side
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Coil Construction
After impregnation with wax (in air).

Solid winding, without voids.

Over bandage with glass yarn 
and glass tape



Coil test at 77 K

About 110 nΩ per joint, corresponding to 2.2x10-11 Ωm2

Measurement of join resistance

Measurement of time constant

τ=3.1 s τ=4.2 s
τ=2.4 s



Coil test at 77 K

No correlation from 77 K self field
to 77 K in field.

Also no correlation with Ic values
at 4.2 K in field.

top

bottom

Coil mid-plane

Voltage taps around 
each double pancake



Coil test at 77 K

• In all double pancakes the initial slope (low electric
field) is high (dominated by the superconducting
transition)

• At large electric fields the slope decreases (current
percolates through the copper)

Field reduction due to current
percolating in the copper

Power dissipated in non-insulated coil is much
lower (lower n) than if it was insulated (high n)



Coil test at 4.2 K

Quench, then circuit was interrupted

But…

Is all the coil really non-insulated?

Initial superconducting 
transitions in top and bottom 

pancakes

At 240 A tot power dissipated 
at joints is about  75 mW



Coil test at 4.2 K

• I > 400 A
• 50 µm copper
• > 500 ms of delay in shutting down 

the power supply

Both terminations were modified

The tape between the copper 
electrode and the first pancake can 
be considered “insulated” over 
about 20 mm.

Power shut-down is controlled by 
DAQ (5 Hz acquisition rate)

Tape was burnt



Test at 4.2 K - quench

What happen when the outer LTS magnet quenches?

What will be the effect on the HTS insert?

Heater between the NbTi and the 
Nb3Sn sections 

Heater on the outermost 
NbTi winding
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Summary
• An insert coil (4 T at 240 A) was designed and manufactured.

• It is composed of 13 double pancakes, wound with non insulated coated conductor.

• Test at 77 K was successful.

• During the test at 4.2 K in self field one of the termination was damaged.
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Outlook
• The outer LTS magnet is prepared for controlled quenches.

• Reparation of the insert was carried out.

• Despite tolerance to overcurrent, non-insulated coil should prove that they 
can withstand a quench of the outer magnet 


