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Executive summary

Deliverable 3.1 addresses uncertainty quantification in the PBF-LB/M additive manufacturing
process, a key objective of UPBEAT Work Package 3. Reliable production of titanium aerospace
components by laser powder bed fusion requires understanding and controlling the numerous
sources of variability that affect melt-poolformation, defect generation, and final part quality. This
report presents a comprehensive framework that identifies these sources of uncertainty,
develops simulation tools to model them, and implements an advanced statistical calibration
methodology to quantify and progressively reduce predictive uncertainty.

The report first catalogues the principal sources of uncertainty in PBF-LB/M, distinguishing
between material-related uncertainties (powder size distribution, morphology, chemical
composition), process-related uncertainties (laser power stability, scan speed, recoater
dynamics, layer thickness), and modelling uncertainties (constitutive model assumptions,
boundary condition approximations, mesh discretization). For integrating AM titanium fittings with
composite structures, additional uncertainties arise from geometric tolerances, surface
preparation, and bonding conditions.

Two complementary simulation capabilities were developed. First, a melt-pool modelling
workflow using Flow3D was established to resolve laser—-powder interactions, fluid dynamics, and
solidification behaviour at the melt-pool scale. A Design of Experiments with 200 simulation runs
was executed across 15 input parameters, producing a comprehensive dataset of melt-pool
dimensions (width, depth, length) and thermal outputs. Second, a thermal finite element model
was developed in LS-DYNA to simulate single-track laser scanning, enabling the extraction of
temperature histories and melt-pool geometries for mapping onto part-scale analyses. A powder-
spreading simulation in Flow3D provided realistic inputs for layer thickness.

The central methodological contribution is the implementation of the Sequential Calibration and
Validation (SeCAV) framework, which overcomes limitations of conventional Bayesian calibration
approaches (DBC, Kennedy-O’Hagan) that assume model adequacy and can produce
overconfident predictions. SeCAV operates through four modules: (1) Gaussian Process surrogate
construction from the Flow3D DOE data, (2) sequential Bayesian calibration with model validity
assessment at each experimental observation, (3) explicit bias correction via a discrepancy GP,
and (4) posterior prediction combining all uncertainty sources. The framework was validated
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using a hold-out approach with 10 pseudo-experimental points, achieving mean relative
prediction errors of 6.0% (width), 7.4% (depth), and 8.7% (length), with all observations falling
within the predicted 95% credible intervals.

The implementation is compatible with the Python/OpenTURNS ecosystem used in UPBEAT WP7
and is designed for seamless integration with future experimental measurement campaigns. The
framework accepts experimental data as structured input and can be progressively re-run as
cross-sectional metallography and in situ monitoring measurements become available,
systematically improving calibration, bias correction, and predictive accuracy. The outcomes of
this task provide arobust foundation for uncertainty propagation, sensitivity analysis, and process
optimization in subsequent UPBEAT activities.
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