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High temperature

High voltages

High stresses

Quench protection in a high-magnetic field magnet
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Energy Extraction

Extracts part of the 
magnet energy

Quench Heaters 

They require thin 
insulation between 
protection elements 

and magnet coil

Energy Extraction

It requires high 
voltage across the 

magnet coil

CLIQ

Achieves very fast 
quench initiation

CLIQ

It requires direct 
electrical connection 
to the magnet circuit

Quench Heaters

Make it easy to add 
redundancy
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ESC
Energy Shift with Coupling

E. Ravaioli, A. Verweij, and M. Wozniak,
άEnergy shift with coupling (ESC): a new quench protection methodέΣ SuST, 2025
https://dx.doi.org/10.1088/1361-6668/ada833

https://dx.doi.org/10.1088/1361-6668/ada833
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ESC auxiliary coils

auxiliary coil 1

magnet coils

auxiliary coil 2

Resistive (copper)

Electrically insulated

Strongly magnetically coupled
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Short Model Coil (SMC) cross-section including two ESC auxiliary coils

Design of the Short Model Coil (SMC)magnet by J.C. Perez and team (CERN).
Design of the ESC coils for SMC: E. Ravaioli, J. Bauche, M. Dumas, I. Garcia-Aguirrebeitia Sanchez, M. Masci, J.C. Perez, P. Wachal, M. Wozniak (CERN).

Thick insulation between ESC and magnet coils 

Magnet coils

ESC coil 1

Magnetic field of 12.5 T at 1.9 K

Cable made of 40 Nb3Sn 0.7 mm strands

ESC coils made of 0.8x2 mm Cu single wire

ESC coil 2
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ESC working principle

1
Immediate reduction of 

the magnet current

reduces ohmic loss 
and magneto-resistance

2
Very high dB/dt
(~1E2-1E3 T/s)

transfers most/all turns
to the normal state due 

to transient losses

3
Energy transfer 

from magnet coils
to auxiliary coils

induced by ESC unit and 
coil resistance increase
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Energy Shift with Coupling (ESC) simplified schematicauxiliary coil 1

magnet coils

auxiliary coil 2

ESC1

ESC2

dI1κŘǘҧ

dImκŘǘҨ

dI2κŘǘҧ
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Typical ESC transient ςPhase 0 ςPowering

Phase 0

auxiliary coil 1

magnet coils

auxiliary coil 2
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Typical ESC transient ςPhase 1 ςUnit discharge

Phase 1

auxiliary coil 1

magnet coils

auxiliary coil 2
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Typical ESC transient ςPhase 2 ςDiode conduction

Phase 2

auxiliary coil 1

magnet coils

auxiliary coil 2
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Typical ESC transient ςPhase 3 ςMagnet discharge

Phase 3

auxiliary coil 1

magnet coils

auxiliary coil 2
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Typical ESC transient ςMeasured currents

Peak dIκŘǘ Ғ 0.5 MA/s

Extracted >15%
ƻŦ ǘƘŜ ƳŀƎƴŜǘΩǎ ǎǘƻǊŜŘ ŜƴŜǊƎȅ

Peak dB/dt >1000 T/s

100% magnet coil
quenched in <3 ms

Voltage across the magnet <30 V
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Simulation of a typical ESC transient

Simulations performed with STEAM-LEDET electro-magnetic and thermal magnet model
LEDET
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ESCtechnology development
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ESC technology development

Conceptual
design

Conductor
selection

Magnetic design Mechanical designIntegration study
ESC coil 

manufacture
ESC coil assembly Test

Performance 
analysis
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Thanks to M. Dumas
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