
This work was developed under the frame of the national project tLOSS ("Transforming Losses 
Calculation in High Temperature Superconducting Power Systems"), with reference 

PTDC/EEIEEE/32508/2017 and supported by FCT (Fundação para a Ciência e a Tecnologia), within the 
scope of Research Unit CTS, Centre of Technology and Systems, with the reference UIDB/00066/2020.

tLOSS: a collaborative machine learning 
platform for predicting AC losses in HTS devices

Miguel Vieira1, João Rosas1,2, João Murta-Pina1,2, Roberto de Oliveira3, Anabela Pronto1,2, Henrique Simas1, Masoud Ardestani1,2
1 NOVA School of Science and Technology

NOVA University of Lisbon (FCT NOVA)
Portugal

Abstract

• A data-driven based methodology and ecosystem is
being developed under the national project tLOSS
(Transforming Losses Calculation in High Temperature
Superconducting Power Systems).

• It envisages a data-driven, collaborative paradigm to
accelerate the design of HTS grid devices, concerning
the calculation of losses and corresponding cryogenic
requirements.

• The modelling workflow allows changing one
parameters of the design (e.g., the number of turns of
coils) and calculating losses immediately, without
having to run whole new numerical simulations.

• The success of the paradigm, i.e., the generalization
ability, requires the availability of larges amount of
data, to train neural networks, but also to build
analytical models, which are generated by researchers
worldwide. Thus, the tLOSS collaborative platform is
being developed.

• After uploading data, analytical and neural networks
models are automatically built.

• Future work includes releasing the platform and
developing predictive tools with the existing models.

Ontology: examples of components and their attributes

2 Centre for Technologies and Systems (CTS)
UNINOVA 
Portugal

3 Institute for Advanced Automotive Propulsion Systems (IAAPS) 
University of Bath

UK

Taxonomy of applications

Conclusion, on-going and future work

This work describes an open access platform for collaborative data-driven modelling of AC losses in high-temperature superconducting (HTS) devices, as opposed to

computationally intensive, time-consuming numerical methods. The platform is being developed in the frame of the Portuguese project tLOSS. HTS devices are usually modelled

and simulated by the Finite Element Method (FEM), due to its accuracy and ability to address multiphysics problems. Yet, the non-linearity of HTS properties or huge width-to-

thickness ratios, makes FEM extremely computationally intensive, leading to unreasonable processing times in the optimization of devices, when, e.g., thousands of configurations

need to be simulated and assessed. This is still a major impediment to HTS technologies dissemination. There is an opportunity for the development of data-driven based

approaches, from the field of Artificial Intelligence (AI), for modelling and simulating the behaviour of HTS devices. Data-driven approaches use data (from experiments and/or

simulation) to learn patterns in it. The built computational models can be used for obtaining predictions of distinct conditions instantly. The ability of these approaches to build

generalised models with adequate accuracy depends on the availability of large amounts of data from diverse devices and operating conditions.

Modelling workflow

The platform Example: upload data of AC losses in tapes
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A taxonomy of HTS applications,
with increased complexity,
underlies the proposed concept.
An example of such (evolving)
taxonomy is shown in the figure.
Electromechanical devices, as
motors, generators, and
flywheels, are not addressed by
the proposed methodology,
which envisages static devices.

The prediction of losses in each element of the taxonomy (tape, coil, winding) is an input to the next level,
together with the corresponding parameters. In this workflow, we have:
𝑓: fundamental frequency
𝐼!"#: rms fundamental component
I!"#$ : vector with rms harmonic components
$𝑄%&'(, $𝑄)*+,, $𝑄-+./, $𝑄/(0: estimation or parametrization of losses in a tape sample, coil, winding and device.

Selecting the component of the modelling workflow

Defining the data set

Fitted model: $𝑄 = 𝑎 1
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When defining a “higher-level” component, it can be
linked to existing data of losses, from “lower-level” ones.
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