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1 Executive summary

Deliverable context

The UPBEAT project is dedicated to improving safety and innovation in aviation by
developing advanced methods for uncertainty prediction and bias elimination. The focus
is on hybrid metal-composite engine parts, using additive manufacturing (AM) and
carbon fibre-reinforced polymers (CFRP) to create lighter, stronger, and more cost-
effective components. This deliverable reports on the design of the outlet guide vane
components and sets a standard for further work.

Outlet Guide Vane (OGV) function and importance

Aerodynamic and Structural Role: The OGV is a static component in turbofan engines,
located behind the fan blades. It de-swirls airflow, ensuring efficient axial flow
downstream, and serves as a mechanical link between the engine core and the wing.
Load-Bearing and Safety: OGVs are critical for engine performance, providing stiffness
to minimize case ovalization and maintain shaft alignment. They must withstand extreme
events such as fan blade loss, bird strikes, and vibrational forces. Production Volume:
Typically, each engine contains 35-50 OGVs, making them high-volume components that
require efficient manufacturing methods.

OGYV design and architecture

Composite Vane: Designed for high tension/compression stiffness and strength, using
unidirectional (UD) fabrics. Zero-degree plies dominate the layup, and the design is
monolithic (no core material). Versions Developed: Prepreg Version: Compression-
moulded carbon fiber vanes with metallic fittings bonded using injection bonding. Dry
Fiber/RTM Version: Resin Transfer Molding (RTM) process with co-bonded fittings,
enabling near net shape manufacturing in a single step.

Fittings: Made from titanium alloy (Ti-6Al-4V) using Powder Bed Fusion (PBF) additive
manufacturing. Fittings are machined for precise tolerances and surface roughness, then

bonded to the vane.

Assembly: Each OGV is fastened to the engine hub and case using bolts and nuts, allowing
for easy replacement and maintenance.

Monitoring: Advanced techniques (micro-CT, nanoindentation) and digital models
optimize manufacturing and quality.

Quality Requirements
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o Composite Vanes:

o Fibre volume fraction: 55+3% (RTM), 63+3% (prepreg)

o Porosity: <2%

o Surface roughness: <2.5 pm

o Thermal stability: Glass transition temperature 2180°C
o Titanium Fittings:

o Tensile strength: >1000 MPa

o Yield strength: >900 MPa

o Elongation at break: >12%

o Defectsize: <100 um (as built), <20 pum (after HIP)

Expected Impact

Through the described design of the OGV the following impacts are anticipated.
Performance: Weight reduction of 20-40% and defect reduction of 50-70% in OGVs.
Efficiency: Streamlined development, reducing qualification time by 30-40% and costs
by 25-35%. Safety and Sustainability: Enhanced risk management, product reliability,
and lower manufacturing costs and time.

Conclusion

UPBEAT Deliverable 2.1 showcases advanced design and manufacturing solutions for
outlet guide vanes, integrating innovative materials, processes, and quality assurance.
The demonstrator sets new standards for safety, efficiency, and sustainability in aviation
engine technology.
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