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Dynamo-type Flux pump Design for Next-generation Superconducting Machines
Nayak S1, Ainslie M1
1King's College London

High-temperature superconducting (HTS) tapes can carry very large current densities with little or no resistance, making them attractive for high-power-density electrical machines. HTS flux pumps exploit the nonlinear electromagnetic behaviour of superconductors under travelling magnetic fields to inject current into superconducting coils without a direct electrical connection to an external power supply. This enables brushless excitation and eliminates the need for slip rings, brushes, and thermally inefficient current leads. Potential applications include superconducting rotating machines and high-field magnet systems.
 
Previous experimental and numerical studies have significantly improved the understanding of HTS flux pump operation and the underlying electromagnetic physics. However, further developments are needed to produce accurate and computationally efficient models suitable for engineering design and optimisation. Such models are essential for predicting device performance and assessing the feasibility of application-specific systems, including superconducting electric aircraft propulsion.
 
This PhD project aims to develop and validate a finite-element model of an HTS dynamo-type flux pump using COMSOL Multiphysics. The model will be used to investigate the influence of design parameters on performance and optimise the device as a brushless exciter for superconducting electrical machines in electric aircraft. The numerical studies will be supported by proof-of-concept experiments, helping guide the development of practical HTS flux pump systems.
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Superconducting quantum computing is a promising route towards future quantum technologies. The performance of superconducting quantum devices strongly depends on the quality of the superconducting thin films in the circuit. Thin film properties, including defects, surface roughness, chemistry, uniformity and crystallinity impact the performance of the superconducting layer. For example, impurity and non-uniformity can introduce loss and noise in the system. These material-related defects in the superconducting layer may degrade device performance and limit qubit coherence time. Developing reliable thin films with stable and controllable properties is therefore crucial for a device with high performance, reproducibility, and scalability.

This project focuses on the fabrication and characterisation of superconducting thin films including NbN and TiN for quantum computing applications, with main emphasis on the relation between the materials properties of the thin film and device performance. Atomic layer deposition and sputtering will be explored as complementary fabrication routes, aiming to produce films with high uniformity, stable properties, and reproducible growth. The deposited films will be characterised for both microstructure and electrical properties using structural, surface, compositional, and electrical measurements, including X-ray diffraction, atomic force microscopy, scanning electron microscopy with energy-dispersive X-ray spectroscopy, and electrical characterisation. The relationship between deposition conditions, film quality and device performance will be investigated to understand how processing parameters influence material performance.
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Superconducting electronic circuits (SECs) are increasingly central to quantum information processing, ultrafast A/D conversion, and digital logic. However, their performance is critically limited by the unintentional trapping of Abrikosov vortices, which perturb Josephson junction critical currents and can lead to circuit malfunction. To mitigate this, patterned superconducting moats are routinely incorporated to sequester vortices away from active regions, though their trapping efficiency often remains inadequate. Here, we investigate vortex nucleation and confinement in niobium thin films patterned with a two dimensional periodic array of square moat structures designed to emulate those used in practical SEC architectures. Using scanning Hall probe microscopy, we map the out of plane magnetic field with high spatial resolution and characterise flux behaviour under applied fields from –11 to 9 Oe. We identify an operating window of ±1.25 Oe in which all vortices are efficiently trapped within moats. The empirical trapping threshold agrees closely with the calculated expulsion field for a thin superconducting strip of comparable width and slightly exceeds predictions from generalised periodic moat models. Temperature dependent measurements reveal a quenching temperature of 8.75–9 K, indicating that long range vortex–vortex interactions govern the formation of stable configurations near Tc. Our observations are in good semi quantitative agreement with time dependent Ginzburg–Landau simulations. Furthermore, small out of plane fields applied after zero field cooling generate strong dipole like field profiles within moats, consistent with critical state predictions of large central supercurrents. These results establish a practical magnetic field operating range for SECs and demonstrate a simple route to generating high supercurrent densities without direct electrical contacts.
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A 2MW-class all-superconducting rotating machine operating in subcooled liquid nitrogen is being developed in a NEDO-supported project for future aircraft propulsion systems. The demonstrator machine is being fabricated using soldered Face-to-Face Double-Stacked (FFDS) REBCO conductors, while a low-AC-loss conductor option is being developed in parallel for distributed-wound armature coils. To this end, polyimide-FFDS (PI-FFDS) conductors are being investigated as a candidate architecture that combines reduced AC loss, electrical insulation, mechanical robustness, and compatibility with practical winding processes.

In armature coils, REBCO coated conductors are exposed to time-varying magnetic fields, making AC loss reduction an important requirement for future machine designs. To address this challenge, we have developed post-processing technologies for REBCO coated conductors, including laser scribing for filamentization and polyimide electrodeposition for insulation and protection after processing. Laser scribing divides the superconducting layer into narrower filaments to reduce AC loss, while polyimide electrodeposition provides conformal electrical insulation and protection for the REBCO layer exposed along the scribed groove sidewalls.

Several conductor concepts, including scribed tape and cut-and-aggregated multifilamentary tape structures, have been examined during the development. These studies led to the PI-FFDS architecture as a promising low-AC-loss conductor for distributed-winding applications. This poster presents the conductor architectures, processing technologies, and representative development-stage evaluation results, including characteristics after laser scribing and polyimide electrodeposition, as well as winding-test results using a subscale coil.
This work is supported by the New Energy and Industrial Technology Development Organization (NEDO).
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Superconducting circuits offer a leading platform for quantum information processing. However, the realization of a complete quantum computing system requires the seamless integration of superconducting qubits with memory devices, both quantum and classical. The fundamental challenge of attaining an efficient interface between quantum and classical electronics hinders the development of such a system.

In this work, we introduce a hybrid quantum computing device that combines intrinsic classical and quantum memory characteristics, using the Lagrangian framework. The hybrid memristor device consists of a Josephson junction with a thin ferroelectric tunneling barrier sandwiched between two superconducting electrodes. The polarization state of the ferroelectric layer, and consequently the junction potential barrier, is history-dependent and can be switched by an externally applied bias, enabling tunable control of the junction properties.
 
A memory-integrated phase qubit and one-to-one mapping between the Euler-Lagrange equations and the superconducting circuit are presented, demonstrating a highly functional self-modulated Josephson-junction technology.




Development of Superconducting Joints Between NbTi and Bi-2212 for Hybrid Magnet Applications
Askari A1, Ainslie M1, Mousavi T1
1Department of Engineering, King’s College London, WC2R 2LS

Low-resistance joints between low-temperature superconductors (LTS) and high-temperature superconductors (HTS) have recently attracted significant interest in superconducting magnet technology, as they can enable persistent and quasi-persistent hybrid magnets. The development of such joints is challenging due to the different nature of the two conductors, metallic versus ceramic, which imposes microstructural and thermal constraints. In addition, the high sensitivity of HTS conductors to composition, especially oxygen content, restricts the use of high-temperature processing. This study focuses on the development of superconducting joints between multifilamentary NbTi (LTS) and Bi-2212 (HTS) round wires. Various joint techniques, including soldering, are explored with a strong emphasis on reproducibility and consistency.

In the soldering approach, wire-end preparation is carried out using Sn-assisted matrix replacement to expose the superconducting filaments, after which the Sn matrix is replaced by superconducting solder. This creates a superconducting pathway between the filaments of the two conductors while limiting thermal damage to the reacted Bi-2212 conductor. The joints are characterised both microstructurally and electrically using a range of characterisation techniques to evaluate matrix removal, solder penetration, filament preservation, and possible interfacial reaction layers.

This work establishes a practical route for low-temperature dissimilar superconducting joints and provides a framework for integrating round-wire LTS and HTS conductors in future hybrid high-field magnet systems.

Keywords: NbTi; Bi-2212; superconducting joints; LTS-HTS interfaces; solder-mediated joining; SEM/EDS; field-decay measurement; hybrid magnets




Numerical Simulation of a Bulk Superconductor-Based HTS Dynamo-Type Flux Pump
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The high-temperature superconducting (HTS) dynamo is a promising technology for generating large DC currents in superconducting coils without thermally inefficient current leads or bulky power supplies, with potential applications in electric machines and MRI/NMR magnets. A key factor influencing the output voltage and charging performance of HTS dynamos is the magnetic field strength of the magnets rotating past the HTS wire, which is limited in conventional permanent magnet-based designs. In this study, the permanent magnet in the HTS dynamo benchmark model is replaced with a bulk superconductor of similar size. A two-dimensional finite-element model is developed in COMSOL Multiphysics to evaluate the open-circuit voltage of the bulk-based dynamo under different trapped field assumptions corresponding to different bulk operating temperatures. The results show that the bulk-based HTS dynamo can generate significantly higher output voltage than conventional designs, increasing approximately linearly with the trapped field strength. These findings demonstrate the strong potential of bulk superconductors to enhance the performance and coil-charging capability of HTS dynamos.
