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Quench . .
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Today’s focus: Active protection systems relying on an
internal discharge, required for high energy density magnets
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* More effective energy

. * Integration in the magnet
deposition 8 5

circuit to be studied
* Faster and more

homogeneous quench
Initiation

* Internal voltage distribution
to be carefully analyzed

* More robust electrical design

* Easier to implement and

repair
, * Redundancy of the system
* Lower expected failure rate
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IF W 2 0 0 * Low energy needed to start the quench
vol 1 C ] /  High energy density, needs to be quick!
L4 n " @ POWER density is the key parameter y
N\
-
CLIQ effectiveness * (Number of CLIQ units)*2
- Coil geometry * (Charging voltage)”2
- Position of CLIQ connections * (magnetic length)”-2 (fixed by design)
— Electrical order of the poles
- etc...
\.
(At low current )
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vol [ L,
NC * Magnetic length
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CLIQ — Coupling-Loss Induced Quench system

Implementation on existing accelerator magnets

LHC main dipole magnet (full-scale)

Implementation on future accelerator magnets

Outlook
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CLIQ on a full-size 14 m LHC main dipole e

LHC main dipole magnet
Twin aperture magnet
Magnetic Length  14.3 m
Self-inductance 100 mH
Nominal current  11.8 kA
Peak magnetic field 8.3 T
Superconductor Nb-Ti

2 CLIQ Units
U0=500 V C=80 mF

TO —I
P, 3 [cLIQ
+
T1
Py
P, 9 [cLiQ
+
T3
By
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Comparison with conventional QH’s et”iﬁi‘inosny
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Comparison with conventional QH’s @E:n':ms,ty
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CLIQ technology achieved a significant
reduction of the hot-spot temperature
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Simulated temperature profiles
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CLIQ — Coupling-Loss Induced Quench system

Implementation on existing accelerator magnets

LHC main dipole magnet (full-scale)

LHC matching quadrupole magnet (full-scale)

Implementation on future accelerator magnets

Outlook
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® CLIQ on full-scale LHC guadrupole
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Implementation on existing accelerator magnets
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® CLIQ on full-scale Nb,Sn low- quad
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application in an accelerator
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Magnetic Length  7.15m
Self-inductance 68 mH
Nominal current  16.5 kA
Peak magnetic field 12.1T
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All simulations performed
with the software LEDET
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All simulations performed
with the software LEDET
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Simulated temperature distribution
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Due to CLIQ’s faster quench initiation,
lower hot-spot temperature and more
homogeneous temperature distribution
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Simulated protection performance
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CLIQ integrated in the MQXF circuit
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Implementation on existing accelerator magnets

Implementation on future accelerator magnets

High-Lumi LHC inner triplet quadrupoles
FCC 16 T block-coil magnet

Outlook

12 October 2016 CLIQ: a New Quench Protection Technology for Superconducting Accelerator Magnets — E. Ravaioli 132



& Luminosity
LHC

75

50

=~ ] 7 7 " =
s LY N

CLIQ|+

. Y Y |/ YY —_l
P, P,

Requiring 1 intra-pole
CLIQ terminal

J. BIomber Ghll"ll, theSiS; 2015 Quench Protection Technology for Superconducting Accelerator Magnets — E. Ravaioli 133




High
Luminosity
LHC

75

50F

| i

Y /|

— ~ el
E o g
- — -~
-~ ~|

/ N\

_25 o E

! \

1 1

—-50p 4

75

CLIQ|+ CLIQ|+

R YY1 vy,
P P, P, Py Py, By

Requiring 1 intra-pole
CLIQ terminal

J. BIomber Ghll"ll, the5|s, 2015 Quench Protection Technology for Superconducting Accelerator Magnets — E. Ravaioli 136




High
Luminosity
LHC

. - = ~ N~ N

,,,,,

zs-l‘ \
N \ p
£ .
[ I’
| | - I
R
N
s -50 —25 o 75
—
—q
CLIQ|* CLIQ|x CLIQ|*
. ~NN L~y .
Py P, P, Py Py By P, Py Py Py,
Requiring 1 intra-pole
: Requiring 2 intra-layer CLIQ terminals
CLIQ terminal . 5
J. Blomber Ghini, thesis, 2015 140

Quench Protection Technology for Superconducting Accelerator Magnets — E. Ravaioli



CLIQ on 16 T block-coil magnet
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® CLIQ on 16 T block-coil magnet
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CLIQ on 16 T block-coil magnet @Eﬁ%ﬁmw
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Implementation on existing accelerator magnets

Implementation on future accelerator magnets
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FCC 16 T block-coil magnet
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Outlook
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CLIQ on 20 T LTS/HTS block-coil magnet
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