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THE PROBLEM
HTS Development, Dynamic Field 
Quality, Magnetization Currents
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HTS DEVELOPMENT
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DYNAMIC FIELD QUALITY
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“b3, 60 unit’s variation at low field 
reducing to < 20 units at high field.
b5 and b7 we see ~ 10 units variation,
then converge to low values at high 
field.”*

First simulation give b3 , 3units at low 
field 
Increasing at high field 20 T 

However modelling assumption assume perfect cable geometry 
and zero thickened REBCO layer (reality 0.001mm)

Aligned Block design Cos theta design 
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ARTWORK SHOWING MAGNETIZATION CURRENTS



THE IDEA
Persistent Current Shim 
coils, Circuit, Geometry, 
Helical Coils 
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PERSISTENT CURRENT SHIM COILS
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THE CIRCUIT AND CONCEPT
o The shims are connected in persistent mode

o By topology the current induced in the resistanceless shim coil cancels out only one harmonic 
component of the field, independent of the origin, acting as a filter.

o Multiple shim coils can be nested to filter out several (different) harmonics.

o This shifts the issues concerning field quality, away from the coil pack such that these main 
windings can be optimized for current density and efficiency.

o The current in the shim can be calculated by approaching the system as a transformer. 
Inductance calculations are not straight forward.

o A heater allows for resetting the current
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SHIM COIL GEOMETRY
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HELICAL GEOMETRY
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o The helical geometry is very suited for the 
shim coils since there are no end effects

o A simple equation represents the geometry
o The maximum harmonic a shim can be 

predicted analytically from the critical current 
Ic(B)

o Already some experience from the orbital 
corrector



FURTHER
ANALYSIS
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Shim Length, Quench, 
Sensitivity, Manufacturing



SHIM COIL LENGTH AND CONFIGURATION
o In order to validate the concept an experiment will be 

performed.

o A numerical analysis is performed on the pseudo 
harmonics along the length of the magnet

o The shims work over their magnetic length

o Since the length and position of the measurement 
probe is likely different the result should be compared 
to the model.
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PRELIMINARY QUENCH ANALYSIS
o Simple adiabatic quench model

o For a meter long shim there is not enough stored energy to burn the coil.

o More analysis needed for longer coils
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PRELIMINARY SENSITIVITY ANALYSIS
o A statistical analysis is performed on different type of 

errors.
o When the shim coil generates harmonics that are not 

part of the intended field part of the energy or current is 
used in a different harmonic leading to under 
compensation

o For errors around 50 micron the standard deviations 
remain less than a unit. 
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MANUFACTURING
o Since valuable space in the aperture is used. 

The coils should be as thin as possible

o For a prototype however a wire in channel 
approach will be used

o Later vapour deposition of Nb3Sn (as done for 
cavities at CERN) or YBCO (at 3CS UK) on a 
cylinder after which lanes are scribed using a 
laser can be considered
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DEVELOPMENT PLAN

o Build a Nb-Ti Magic magnet. 
o We have the Nb-Ti persistent joint technology, and switches.
o CNC machine, or 3D print the magnet former in Ceramic, 

GRP, or Titanium. 
o We have the small filament wire 2 -3 um 

o Test in a LHC development magnet (such as the 11T), 
new one every two months. 

o Think how to get to high field for the HTS Magnets. 

o High Luminosity orbit corrector could be a candidate 
for first implementation.

o Very fresh idea there is still lots to iron out. 
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PAPER
o Paper ready for publication
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