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DTs are simulation models that replicate physical systems in a virtual environment, dynamically updating the
virtual model according to the observed state of its real counterpart to achieve physical control of the latter.
DTs consist of a Physical to Virtual and a Virtual to Physical connection. DTs allow for defects and systems fault
prediction, enabling reliable predictive maintenance and process adjustment and control to be implemented:
DTs are essential for sustainability and digitalization.

The creation of DTs often neglects quality control measurements, resulting in their lack of traceability and
inability to associate them with a confidence level in the prediction. The evaluation of the measurement
uncertainty will allow DTs” application in the industrial context for quality control, defects and system faults
prediction, statistical predictive defect correction and system maintenance within a traceable application
framework. Available methods for DT’s uncertainty evaluation neglect coupling with the different parts of the
DT, especially the closed-loop feedback control.

This is being developed by the Trustworthy virtual experiments and digital twins (ViDiT) project, funded by
the European Partnership on Metrology. The seminar will discuss modelling strategies, methods to establish
traceability and developed methodologies to estimate measurement uncertainty to allow decision/making
within a metrological framework.

The seminar will present a use case for the developed framework based on nanoindentation.

Nanoindentation allows high-resolution mechanical properties characterisation. Various influence factors (IF)
affect nanoindentation introducing bias or increasing measurement uncertainty. Some IF are internally
sourced (force-displacement noise), some are environment-related (electro-mechanical vibrations, indenter-
sample thermal equilibrium), and some depend on interactions with the measurand (sample surface integrity,
indenter tip wear). DT of nanoindentation allows predicting instrument response and highlight anomalies,
while identifying critical IFs causing such out-of-controls, and deploy control actions to prevent malfunctions
towards predictive maintenance while avoiding wasting resources. While discussing advantages of alternative
modelling strategies, the contribution will demonstrate the creation of a traceable DT for nanoindentation on
reference materials.



