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1. Background

Bi-filar2 coil winding can potentially respond faster than CLIQ. It’s based 

on a bifilar-wound coil that runs in series during normal operation, then 

switches to anti-parallel after a quench (Fig. 3). This is a developing 

toolchain aimed at enabling the prototyping of bifilar quench protection 

systems through automated circuit generation and parameter sweeps.

Superconducting magnets used in accelerators necessarily operate very 

near their critical temperature Tc.  Small excursions in operating 

conditions can lead to a “quench” event where it loses its super 

conducting ability and becomes purely resistive, leading to material 

failure. Active control schemes like coupling-loss-induced quench 

(CLIQ1) can  be used to mitigate this.  However, CLIQ’s response time is 

in the millisecond scale and order of magnitude improvements are 

needed for higher field next generation accelerator magnets. 
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5. Conclusion
This work is ongoing and aims to fully validate the proposed model. Once 
complete, it can be developed into a comprehensive tool to assist in designing 
bifilar coils for magnets of any geometry and using any type of superconductor.
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LTSpice circuit model of the bifilar setup 

with coupled inductors, inactive voltage 

sources for current measurement, and 

dynamic resistance models representing 

the superconductor. All component values 

are parameterized, allowing Python to 

dynamically modify the circuit based on the 

user-defined magnet design.
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LtSpice Circuit showcasing 
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To ensure modeling accuracy and due quenches being innately 

Multiphysics problems, behavioral sources were used to emulate 

thermal feedback
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A generalized Python/LTSpice framework for prototyping bifilar 

quench protection systems. It accounts for SC tape properties, 

magnet geometry, and mutual coupling, then sweeps across 

capacitor and voltage ranges over a defined time. Output is a 3D 

surface of dissipated energy (E) vs. capacitance (C) and voltage 

(Vc), aiding design optimization.
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