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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. 
 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of PCF 2016. 

Keywords: High Pressure Turbine Blade; Creep; Finite Element Method; 3D Model; Simulation. 

 

 

 
* Corresponding author. Tel.: +351 218419991. 

E-mail address: amd@tecnico.ulisboa.pt 

Procedia Structural Integrity 8 (2018) 566–572

2452-3216 Copyright  2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Scientific Committee of AIAS 2017 International Conference on Stress Analysis
10.1016/j.prostr.2017.12.056

10.1016/j.prostr.2017.12.056 2452-3216

Copyright © 2018 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Scientific Committee of AIAS 2017 International Conference on Stress Analysis

Available online at www.sciencedirect.com

ScienceDirect
Structural Integrity Procedia 00 (2017) 000–000 

www.elsevier.com/locate/procedia

2452-3216 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of AIAS 2017 International Conference on Stress Analysis.

AIAS 2017 International Conference on Stress Analysis, AIAS 2017, 6-9 September 2017, Pisa, 
Italy 

Efficient distribution of materials in multi-component systems 
design 

Fargione G., Giudice F.*, La Rosa G. 
Department of Civili Engineering and Architecture, Mechanical Division, Viale A. Doria 6, 96125 Catania, Italy 

Abstract 

In this paper we propose a method for materials selection, conceived to be applied to multi-component systems design, which has 
the following main characteristics: it takes into account various aspects of optimization in the choice of material, from 
conventional ones (minimization of the masses and costs), to those aimed to meet the functional performances required; for each 
component constituting the system, it matches the choice of material with sizing, by defining free geometrical variables of the 
problem; it takes account of the constraints to be imposed on the distribution of materials in a multi-component system. As a 
further peculiarity, the optimal choice of materials and component sizing are guided by an efficiency principle, which 
presupposes a choice of material calibrated on real performance needs. After presenting the formalization of the problem of 
choice of materials in multi-component systems, such as to contemplate the features specified above, an application in the case of 
a widely diffused plant component is outlined. 
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1. Introduction 

Design activity in the product development process can be divided in some key stages, that from an early stage of 
requirements definition and formulation of the problem, provide for the development of the design according to the 

* Corresponding author. Tel.: +39-095-738-2419; fax: +39-095-337994. 
E-mail address: fgiudice@dii.unict.it 

Available online at www.sciencedirect.com

ScienceDirect
Structural Integrity Procedia 00 (2017) 000–000 

www.elsevier.com/locate/procedia

2452-3216 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of AIAS 2017 International Conference on Stress Analysis.

AIAS 2017 International Conference on Stress Analysis, AIAS 2017, 6-9 September 2017, Pisa, 
Italy 

Efficient distribution of materials in multi-component systems 
design 

Fargione G., Giudice F.*, La Rosa G. 
Department of Civili Engineering and Architecture, Mechanical Division, Viale A. Doria 6, 96125 Catania, Italy 

Abstract 

In this paper we propose a method for materials selection, conceived to be applied to multi-component systems design, which has 
the following main characteristics: it takes into account various aspects of optimization in the choice of material, from 
conventional ones (minimization of the masses and costs), to those aimed to meet the functional performances required; for each 
component constituting the system, it matches the choice of material with sizing, by defining free geometrical variables of the 
problem; it takes account of the constraints to be imposed on the distribution of materials in a multi-component system. As a 
further peculiarity, the optimal choice of materials and component sizing are guided by an efficiency principle, which 
presupposes a choice of material calibrated on real performance needs. After presenting the formalization of the problem of 
choice of materials in multi-component systems, such as to contemplate the features specified above, an application in the case of 
a widely diffused plant component is outlined. 

© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of AIAS 2017 International Conference on Stress Analysis. 

Keywords: Materials selection; Component dimensioning; System design, Product development 

1. Introduction 

Design activity in the product development process can be divided in some key stages, that from an early stage of 
requirements definition and formulation of the problem, provide for the development of the design according to the 

* Corresponding author. Tel.: +39-095-738-2419; fax: +39-095-337994. 
E-mail address: fgiudice@dii.unict.it 

2 Author name / Structural Integrity Procedia  00 (2017) 000–000

following levels, as concordantly specified by many scholars such as Pahl and Beitz (1996), Dieter (2000), Ullman 
(2003): concept, system, details. The last two levels are the ones through which design requirements take shape in 
concrete design solution. 

Although already at the level of system design preliminary studies of the shapes of the components, and a basic 
choice of materials are conducted, it is in the detail design phase that geometric variable dimensioning, and the 
combination of the most suitable materials become central. 

In this context, the wide variety of available materials for engineering applications expands the design 
possibilities, but combined with the complexity of the set of requirements that affect the choice of the most 
appropriate materials, usually involves a multi-criteria optimization problem of considerable difficulty. 

To support the designer in addressing this problem, in the last decades systematic methods for optimal selection 
of materials have been proposed, with the aim of providing tools that enable a rational choice of the most appropriate 
materials. Chiner (1988) proposed five stages for materials selection process: definition of design problem, analysis 
of material properties, screening of candidate materials, evaluation and identifying of the optimal solution, and final 
verification. Farag (1989) ascribed the various activities of material choice to the different phases of design process, 
and defined three stages of selection: initial screening, comparing alternatives, and selecting the optimal solution. 
According to Ashby (1992) four fundamental steps should be considered in the selection process: translating design 
requirements into specifications for material; screening out those materials that cannot meet the specifications; 
ranking the surviving materials, identifying those that have the best potential; searching for supporting information 
about the top-ranked candidates, to refine the final choice. 

Similarities between the suggested approaches outline a basic materials selection activity as constituted by 
formulating material requirements, making a set of candidate materials, comparing and ranking them to obtain best 
solution. A wide variety of quantitative models also have been developed by Farag (2002), Ashby et al. (2004), Rao 
(2006), Raman (2007), Jahan et al. (2010), to allow systematic evaluations in these basic steps of the selection 
process. Multi-criteria decision making techniques have been applied in this regard, to strengthen final ranking 
process and search for optimal solution, by Jee and Kang (2000), Sirisalee et al. (2004), Shanian and Savadogo 
(2006), Chatterjee et al. (2009), Athawale and Chakraborty (2012), Jahan and Edwards (2015), to mention a few 
significant examples. 

The analytical and graphical tools provided by these quantitative methods enable rational choice of materials 
according to the different types of performance required, but are all characterized by the feature of focusing on 
individual components without taking into account the systemic context which they belong to, and isolating the 
choice of material from the definition of other design variables, delegating to other activity the sizing of significant 
geometric variables. 

The method proposed here looks at a detail design of components that takes into account the systemic dimension 
that must have the optimal choice of material for each component, and its close connection with the sizing of 
geometric variables that define its shape, and must ensure that the required performance is met. The method 
therefore presents the following peculiarities: 

• for each component of the system, combines the choice of material with the components dimensioning, by 
defining the free geometric variables of the problem; 

• takes into account the systemic constraints imposed on the distribution of materials, constraints stemming from 
the various types of interaction between the components of the system; 

• the optimal distribution of materials between components, and their sizing, are guided by applying an efficiency 
principle, which presupposes a choice of material and the sizing of components calibrated on real needs. 

After presenting the formalization of the problem of choice of materials in multi-component systems, such as to 
implement the features specified above, an application in the case of a plant component will be outlined. 

2. Approach and methodological framework 

To structure the process of material selection and sizing of the components of a system, a procedure is proposed 
according to the steps outlined in Fig. 1. The procedure is based on the specification of the design requirements, 
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