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Modern industries impose numerous challenges on manufacturing technologies and
systems due to stringent quality requirements, the adoption of difficult-to-machine ma-
terials, high demands on miniaturization, mass customization, high productivity, and
sustainability targets. Addressing these challenges requires a holistic approach that in-
tegrates advanced manufacturing processes, equipment, measurement and data-driven
control methods.

In this context, this Special Issue provides a focused forum for research that advances
the domains of machining processes, precision engineering, intelligent monitoring, digi-
talization, and additive manufacturing. It comprises thirteen articles spanning the topics:
machining efficiency and toolpath planning, machine tool design and calibration, tool
performance and wear prediction, additive manufacturing and post-processing, and data-
enabled production logistics. Collectively, these papers emphasize improving accuracy
and surface integrity while simultaneously increasing productivity and robustness through
better modelling, sensing, and decision support.

In machining science and machine-tool performance, productivity improvements are
pursued not only in terms of higher cutting speeds but also through smoother trajectories,
improved motion consistency, and reduced non-productive time [1,2]. In addition to
quality—-time tradeoffs, these strategies are motivated by energy efficiency and tool-life
considerations, since smoother motion profiles can reduce peak loads, vibration, and heat
accumulation, thereby providing better surface integrity and dimensional consistency.

Precision is reinforced through systematic calibration, compensation, and measure-
ment practices, highlighting the role of metrology and error management in achieving
reliable micron-level performance. Recent studies highlight that accuracy is constrained by
dynamic and thermally induced errors, in addition to static geometric deviations, motivat-
ing new calibration strategies that better represent real operating conditions. In parallel,
advances in volumetric error modelling and prediction for multi-axis CNC systems support
earlier-stage error detection and more effective compensation throughout the working
volume [3,4].

Tool life and process reliability are now being treated as predictive tasks, combining
sensor signals with machine learning-based approaches to anticipate degradation and
maintain consistent output quality [5,6]. These approaches are particularly valuable in
high-mix environments, where variability in materials, geometry, and cutting conditions
makes fixed tool change intervals inefficient. By enabling condition-based maintenance
and early anomaly detection, predictive tool health models can reduce scrap and downtime
while supporting stable surface integrity and dimensional accuracy.
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Additive manufacturing contributions have grown from just the feasibility demon-
strations toward increased quality and application readiness, where property prediction,
post-processing strategies, and geometric verification are essential for dependable deploy-
ment [7,8]. Accordingly, there is an increased research focus on linking process parameters
to repeatable dimensional accuracy and performance, supported by metrology-driven
verification that reduce uncertainties.

Finally, contributions connecting manufacturing engineering with systems-level
decision-making and mechanism innovation are becoming increasingly important. For
example, conceptual frameworks for operations management and Industry 4.0-oriented
supply planning highlight the growing role of traceable, responsive logistics supported by
data and modelling [9]. In parallel, mechanism and transmission innovations relevant to
machine tools and automation continue to be explored through mathematical modelling
and design-led evaluation [10].
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