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Project Title: OPTITER “MetOdologie digitali innovative Per la fabbricazione di sensori in siTu, basati su
pattern conduttlvi ottimizzati, ottenuti mediante un processo di manifatTura additiva intElligente per i
settoRi chiave del Made in Italy”

Project Code: PEO0O00004

Project Goal: The OPTITER project, developed within the MICS mission, had as its main objective the
experimentation of innovative additive manufacturing methodologies and the creation of integrated sensors
in complex structures. The initiative pursued a technological growth path that progressed from theoretical
research (TRL2) to experimental validation of demonstrators (TRL4), proving the industrial feasibility of
hybrid solutions based on the combination of composite materials, additive manufacturing, and digital
technologies.

In the initial phase, the project defined the fundamental technical requirements for the development of
intelligent sensors, identifying key parameters of precision, reliability, energy consumption, and
communication modes. At the same time, the development of numerical models and digital twins was
initiated—predictive tools capable of correlating the mechanical behaviour of components with the electrical
response of the sensors. This phase established the methodological foundations for optimized design and
subsequent experimental validation. The scientific progress achieved was significant: innovative conductive
patterns were designed, optimized through numerical modelling and electronic design to ensure sensitivity
and stability even on non-planar surfaces. The Aerosol Jet Printing (AJP) technology was used to produce
copper strain gauge sensors, which were subsequently subjected to in-situ laser curing to improve their
conductivity and long-term stability. This combination of processes made it possible to obtain more precise
and repeatable devices, demonstrating the effectiveness of laser treatment as a tool for optimizing deposited
conductive materials. The most representative outcome materialized in the creation of a carbon fiber
demonstrator: a cube with trapezoidal faces and internal reinforcements, laminated on a water-soluble
mandrel and equipped with the new copper sensors. The demonstrator was designed to validate the coupled
behaviour between the composite structure and the sensors, confirming the system’s ability to detect multi-
axial strains and loads with high precision. The experimental data obtained were consistent with numerical
simulations, confirming the robustness of the developed digital model. In addition to technological outputs,
OPTITER generated a set of transferable tools and skills: parameterization of AJP processes and laser
treatments, sensor testing and validation procedures compliant with ASTM standards, and a solid
interdisciplinary background combining electronics, materials science, and additive manufacturing. These
results place the project among the most advanced experiences in the field of printed electronics on
composite substrates. Overall, OPTITER fully achieved its objectives, demonstrating the technical feasibility
and potential industrial applicability of integrated sensors on complex composite structures. The project
transformed theoretical concepts into concrete results, contributing significantly to the evolution of
intelligent additive manufacturing and laying the foundations for future developments in strategic sectors
such as aerospace, automotive, and advanced production.

/-R::m ; . = o
o ) Sede Legale: Sede Amm. / Produttiva: Tel. 0871 58531 http://iwww.comecinnovative.it
Viale Abruzzo, 330 Via Enrico Mattei, 20 Fax 0871 561647 Casella Postale 95 - CCIAA CH 46659
66100 Chieti (CH) - Italy 66100 Chieti (CH) - Italy comec(@comecinnovative.it P.IVA 00087330692

pec@pec.comecinnovative.eu



