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Hightfield accelerator magnet designs are often limited by
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Quench protection in a higlmagnetic field magnet
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Energy Extraction

Extracts part of the
magnet energy

CLIQ

Achieves very fast
guench initiation

Quench Heaters

Make it easy to add
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Energy Extraction

It requires high
voltage across the
magnet coill

CLIQ

It requires direct
electrical connection
to the magnet circuit
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protection elements

and magnet coll




ESC
Energy Shift with Coupling

E. Ravaioli, A. Verweij, and M. Wozniak,
OEnergy shift with coupling (ESC): a new quench protection meét&nb, 12025
https://dx.doi.org/10.1088/13616668/ada833
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https://dx.doi.org/10.1088/1361-6668/ada833

ESC auxiliary coils

auxiliary coll 1

magnet coils

Resistive (copper)
Electrically insulated

auxiliary coll 2 Strongly magnetically couplec




Short Model Coll (SMC) cresaction including two ESC auxiliary coll
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ESC coils made of 0.8x2 mm Cu single wire

Thick insulation between ESC and magnet ca

Design of theshort Model Coil (SM@)agnet by J.C. Perez and team (CERN).
Design of the ESC coils for SMC: E. Ravaioli, J. Bauche, M. Dumas;Ag@Giareizeitia Sanchez, M. Masci, J.C. Perez, halad. Wozniak (CERN).
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ESC working principle
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Immediate reduction of ety Y Energy transfer
(~1E21E3 T/s) .
the magnet current from magnet coils
to auxiliary coils
reduces ohmic loss transfers most/all turns induced by ESC unit and
to the normal state due

and magneteresistance : coil resistance increase
to transient losses
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Energy Shift with Coupling (ESC) simplified scheméfi‘ﬁ”“l
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Typical ESC transiegfPhase X Unit discharge
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Typical ESC transieqPhase Z; Diode conduction
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Typical ESC transieqPhase 3; Magnet discharge
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Typical ESC transieqMeasured currents
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Simulation of a typical ESC transient
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Simulations performed with STEAMEDET electrmagnetic and thermal magnet model
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ESdechnology development



ESC technology development

—

S
7
!
g \
T i L
- \-
= \
\
- | \
71
w \I‘
‘ \

SMC set28

Performance
analysis

ESC cail
manufacture

Conceptual Conductor

i _ ESC coil assemt Test
design selection

Magnetic design Mechanical desig' Integration study

HFM E. Ravaioli T First experimental demonstration of the ESC quench protection method i 2025/03/21

High Field Magnets




ESC technology development

i\
izan—
|
il
|
i |
T
| I
I
T
" l
i

Conceptual
design

Conductor Magnetic Mechanical Integration  ESC coil ESC coll Test Performance
selection design design study  manufacture assembly analysis

H.FM E. Ravaioli T First experimental demonstration of the ESC quench protection method i 2025/03/21

High Field Magnets




ESC technology development
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Thanks to M. Dumas
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ESC technology development
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ESC technology development
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