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/ ABSTRACT \

The upgrade of the LHC collimation system requires the installation
of 11T Nb,Sn dipole magnets. Due to the large stored energy
density and the low copper stabilizer section, the quench protection
of these magnets Is particularly challenging. This paper reports on
the test results of the model program and presents a parametric
analysis on the Impact of conductor parameters on the peak

temperature. Colil voltage to ground and turn-to-turn voltages are
@o evaluated under nominal and failure case scenarios. /

MAGNET PARAMETERS & PROTECTION
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MAIN MAGNET AND CONDUCTOR PARAMETERS AT NOMINAL CURRENT (lyoy = 11.85 KA)

Parameter UNIT

Strand diameter mm 0.700+0.003
Number of strands -- 40
Copper to superconductor ratio (cu/SC) -- 1.15+0.10
Conductor peak field T 11.6
Differential inductance mH/m 11.7
Stored energy density in conductor volume ~ MJ/m3 130
Non-insulated conductor current density A/mm? 790
Magnetic length M 2 X5.3

/ DETECTION \

Assumption for detection: 10 ' ' -
[ - = =Model _
» 5 ms to detect at 7 o MBHSPIOI |
nominal current. S 2 MBHSPI0Z)
* 10 ms to validate the g Tl P > MBHSP104 | -
S ~~_ b 4 MBHSP105
quench. ~ 10! ~ > g | ® MBHDPI0I|:
2 5 ms S <1
OK based on training data = v 5‘35@2%“ <
= O
from short model o o' s
= 0 "8 ..
magnets. = o @ m
100 a oo

)\
o0

10 12
Magnet current [KA ]

/ CONCLUSIONS

The expected hot spot temperature in the 11 T magnet at nominal operation conditions Is 320 K £ 20 K. Among the parameters that
affect the quench protection performance, the amount of copper iIs the most important one. RRR and critical current density
parameters have a small impact for the expected range of variability. Varying conductor parameters between coils will significantly
Increase the hot spot temperature and the peak voltage to ground. The fact of having two cryo-assemblies connected In series and
protected by one diode Increases the redundancy of the system. On the negative side, In case of heater failure, the peak voltages to
ground are larger than If each cryo-assembly was protected with a single diode.
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/ SENSITIVITY ANALYSIS \ / EXPECTED PERFORMANCE \
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