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Abstract

For the HL-LHC upgrade, testing of beam separation dipole D1 is being conducted in High Energy Accelerator
Research Organization (KEK) during the series production. The D1 magnet is a NbTi Superconducting magnet and it
has an aperture of 150 mm. A dipole field strength of 5.6 T is generated in the aperture at the nominal operating current
(12110 A) at which a stored energy of the magnet reaches 2.1 MJ. One of the difficulties in operating superconducting
magnets is to protect them from “quench” which is an irreversible phenomenon of superconductor leading to transition to
normal conductor. As a result of the quench, a superconducting magnet would be subjected to a risk of a burnout because
of joule heating. Therefore, the current must be shut off as soon as possible. For the purpose, a nonlinear resistance,
varistor, is adopted for the quench protection circuit of the KEK test stand; the five units of the varistors are connected in
parallel. However, due to unit-to-unit variations and temperature dependence, their nonlinear IV properties may change.
This may result in quench protection failure or surpass the withstand voltage of the circuit breaker. Thus, we improve
the quench simulation through including precise varistor model. As a result, we confirmed that the quench protection
system can safely protect the magnet from quench events within the range of IV property variations in quench events
that occurred in the test of D1 Unitl, 2, and 5. Now, we are applying this simulation to the the Nb3Sn superconducting
insertion device (SC-MPW) for the next generation KEK PF light source ring.
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Figure 1: Quench protection circuit.
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Figure 2: One unit of the Varistor.
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Figure 3: IV property of Varistor and fixed resistances.
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Table 2: Varistor Parameters

Rated current 3000 A
Maximum rated current 3500 A
SiC disc mass 860 g
Number of disks of the Varistor 14 disks
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Figure 4: The FDM model of the heat conduction.
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Figure 5: Simulation result of the shutoff current.
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Figure 6: Simulation result of the shutoff voltage.
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Figure 7: Simulation result of varistor temperature devel-
opment.
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Figure 8: Simulation results of withstand voltage within
the range of IV property variations in previous quench
events.
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Figure 9: Simulation results of MIITs within the range of
IV property variations in previous quench events.
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Figure 10: The test coil unit of SC-MPW.

Table 3: SC-MPW Test Coil Parameters

Number of coils 3 coils
Current 792 A

Peak magnetic field 2T

Target current 1000 A/mm?
Number of turns 493 turns
Coil Current 390 kA turns
Period length 80 mm

Gap 30 mm
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Figure 11: 3D model of the SC-MPW.Yellow arrows repre-
sent current direction. Blue arrows indicates the direction
of the magnetic field.
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Figure 12: Field distribution of the SC-MPW calculated
with ANSYS.
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Figure 13: Relationship of the MIITs and the hotspot tem-
perture.
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