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Abstract 

During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract

Several experimental test cases are available in literature to study and validate fluid structure interaction methods. They, however,
focus the attention mainly on replicating typical cruising aerodynamic conditions forcing the adoption of fully steel made models
able to operate with the high loads generated in high speed facilities. This translates in a complete loss of similitude with typical
realistic aeronautical wing structures configurations.

To reverse this trend, and to better study the aerolastic mechanism from a structural point of view, an aeroelastic measurement
campaign was carried within the EU RIBES project. A half wing model for wind tunnel tests was designed and manufactured
replicating a typical metallic wing box structure, producing a database of loads, pressure, stress and deformation measurements.

In this paper the design, manufacturing and validation activities performed within the RIBES project are described, with a focus
on the structural behavior of the test article. All experimental data and numerical models are made freely available to the scientific
community.
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1. Introduction

Verification and validation is an essential mean to evaluate performance and reliability of computational tools. By
assessing how accurately computational results compare with experimental data it is possible to investigate not only
the accuracy but also the limits of the models, making experimental campaigns fundamentals to attest the trustworthi-
ness of the tools in a modeling-and-simulation-based design scenario. While engineers are nowadays confident on the
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range of applicability of commercial Computational Fluid Dynamic (CFD) and Computational Structural Mechanics
(CSM) software, being them already extensively tested and validated, they still struggle to find a proper validation
for Fluid Structure Interaction (FSI) methods in which those CFD and CSM solvers are coupled. For this reason
in literature several experimental static and dynamic aeroelastic test cases are available, such as the AGARD 445.6
(Yates (1988)), HiReNASD (Chwalowski et al. (2011)) and ASDMAD (Chen et al. (2010)) between others. Since
these projects focus however on replicating typical cruising aerodynamic conditions, involving huge loads typical of
high speed facilities, structural models are generally made of full steel, losing any similitude to the tipical structural
topologies employed in aeronautical construction.

To fill this gap, and to better study the aeroelastic mechanism from a structural point of view, an experimental
campaign was carried within the EU RIBES project (European Commission (2018),Ribes (2018)). The ”RIBES”
(Radial basis functions at fluid Interface Boundaries to Envelope flow results for advanced Structural analysis) project,
led by the University of Rome ”Tor Vergata” in the framework of Clean Sky, was funded within the 7th European
Union’s Research and Innovation funding program and had a duration of two years. The aim of the RIBES project
was focused on developing an innovative approach for loads mapping based on Radial Basis Functions (RBF) theory
Biancolini (2012) and a suite of tools devoted to the improvement of accuracy in coupled FSI analyses. The research
covered three main topics:

• Development of a load mapping procedure;
• Development of a structural optimization procedure;
• Setup of an experimental campaign.

While the outcomes from the first two topics have been previously disseminated in literature (Biancolini et al.
(2018), Beltramme (2015), Cella et al. (2015)), this paper will be centered on the latter, for which a brand new test
article had to be designed and manufactured. In the next sections the RIBES wing will be detailed, with a particular
attention to the structural aspects of its design, testing and validation. First the topology and geometry of the RIBES
wing will be explained, higlighting the methodologies employed and the design process. Then, since the subject of
the paper is the structural validation activity, a brief overview into the experimental facility and testing will be given.
To conclude the paper results and validation activities will be shown.

2. Experimental campaign requirements and wing design

The RIBES test case was built with the aim of being tested in a low speed wind tunnel in order to contain costs
but, differently from the notables aeroelastic test cases previously cited, a realistic wing design was employed. A
requirement for the test article design was indeed to replicate a typical wing box structure by recurring to all the
traditional elements composing it such as spars, ribs and skin, but also to replicate a plausible real-life load distribution
when tested at wind tunnel flow conditions, preferably an elliptical spanwise load shape. In order to fulfill these
requirements the wing geometry and topology had to be designed to provide high deformations with moderate loads,
but the adoption of a metal aeronautical structure and the scaling effects linked to the required wing span of 1.6 meters
are conflicting targets. A simple scaling of an existing wing was unfeasible for manufacturing reasons, reducing skin
thicknesses and rivets to unmanageable dimensions. This last aspect was crucial in designing a proper test article,
since the greater complexity encountered was to be able to maximize deformations maintaining a wing topology with
manageable and assemblable sheet plates, without sacrificing safety.

The final wing layout was reached after several iterations involving also model manufacturers, CFD and FEM
simulations in the loop. While CFD analyses were important to set a target shape profile and were employed early in
the design process, FEM simulations were crucial to assess the wing behavior, steering wing topology definition and
dimensioning under stress and deformations objectives.

The final layout of the model, shown in figure 1, consists in a span of 1.6 m, root and tip chords of, respectively, 0.6
m and 0.42 m. The taper ratio of the resulting straight wing is 0.7. The wing profile, shown in figure 2, was obtained
by scaling the original Göttingen 398 profile to a thickness t/c = 11% and by redesigning the leading edge to reduce
and delay stall (Cella (2015)).
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