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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 

With the increasing use of renewable energy sources, Gas Turbines (GTs) are currently required to accomplish more flexible 
operations for supplying the back-up energy. As a result, thermo-mechanical fatigue issues in the GTs components are emphasized.  
In this paper, the design of a novel rig for assessing the fatigue behavior in the trailing edge of full scale GTs blades is presented. 
Based on a detailed Finite Element (FE) analysis of the blade response under thermo-mechanical loads, it is demonstrated that the 
stress and strain cycles arising in this area during a start-up/shut-down transient can be accurately reproduced by clamping the 
blade in the shank zone and applying a transversal load to the trailing edge. It is also shown that the stress/strain states can be 
obtained using a Test Article (TA) extracted from the actual blade. In this configuration, the load magnitude and direction, and the 
distance of the application point from the blade platform are the test control parameters. A FE model simulating the TA test is 
developed to determine the test parameters. A tooling for clamping and loading the TA is finally proposed along with a rig apparatus 
consisting of standard equipment used in material testing.    
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1. Introduction 

The use of renewable energy sources is nowadays growing in the perspective of sustainable and environmentally 
friendly solutions for energy production. Traditional fossil fuel power plants are facing new challenges to become 
more flexible and efficient back-up power providers. The European Project FLEXTURBINE is aimed at developing 
new technological solutions to guarantee a significant improvement in the flexibility of existing power plants and 
favoring the growth of renewable sources in the European power grid [Gonzalez-Salazar and Kirsten, 2016]. In this 
framework, one of the goals is to improve the components life cycle management of Gas Turbines (GTs) subjected to 
more frequent start-ups, shut-downs, and load changes, while keeping the life cycle costs at the current levels.  

 

Fig. 1. Typical trends of the mission loading parameters for GTs. 

Figure 1 represents the typical trends of the power, firing temperature, and High Pressure (HP) shaft speed in GTs. 
During a single mission, the GTs components withstand thermo-mechanical loads, which rise fast in the start-up to 
full speed-full load condition and then drop during the shut-down. Under these conditions, each GT component is 
subjected to stress and strain cycles pulsing from zero to maximum values given by the design full speed-full load 
condition. In the perspective of more flexible service conditions, it should be expected that fatigue becomes the most 
important damage process [Balevic et al. 2004, James et al. (2014), Kim et al. (2015), Wang et al. (2016), Vacchieri 
(2017)]. A deeper knowledge of the components fatigue behavior is needed to extend the service life of GTs, especially 
for those parts, which withstand the heaviest loading conditions such as the GTs high pressure first stage blades.  

Extensive analyses of GTs blade mechanical response revealed that the disc-blade connection is usually the most 
critical part [Issler et al. (2003), Pineau et al (2009), Hu et al. (2013)]. However, the presence of the cooling system in 
cooled blades can determine critical stress and strain cycles in the airfoil too. It is reasonable to expect that these cycles 
are severe especially in the fillet region between the trailing edge and platform, because of the thin thickness of the 
trailing edge and the presence of cooling holes. The opportunity to study the behavior of the material in these regions 
through a rig testing full-scale blades allows to better estimate the service life of the components taking into account 
the actual geometry and manufacturing process [Bychkov et al. (2008), Hu et al. (2013), Wang et al. (2016)].   

The aim of this paper is to design a novel test rig for studying the high temperature fatigue behavior in the above-
mentioned fillet region. The identification of the test configuration and the component-like specimen definition are 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prostr.2017.11.079&domain=pdf


 M. Beghini  et al. / Procedia Structural Integrity 7 (2017) 206–213 207
 

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 the 3rd International Symposium on Fatigue Design and Material 
Defects.  

3rd International Symposium on Fatigue Design and Material Defects, FDMD 2017, 19-22 
September 2017, Lecco, Italy 

High temperature fatigue testing of gas turbine blades 
 

M. Beghinia, L. Bertinia, C. Santusa, B.D. Monellia,*,  
E. Scrinzib, N. Pieronib, I. Giovannettib 

 

aUniversity of Pisa - Department of Civil and Industrial Engineering, L. Lucio Lazzarino, Pisa, 50122, Italy 
bBaker Hughes, a GE company - Nuovo Pignone Tecnologie S.r.l., via Felice Matteotti 2, Florence, 50127, Italy 

Abstract 

With the increasing use of renewable energy sources, Gas Turbines (GTs) are currently required to accomplish more flexible 
operations for supplying the back-up energy. As a result, thermo-mechanical fatigue issues in the GTs components are emphasized.  
In this paper, the design of a novel rig for assessing the fatigue behavior in the trailing edge of full scale GTs blades is presented. 
Based on a detailed Finite Element (FE) analysis of the blade response under thermo-mechanical loads, it is demonstrated that the 
stress and strain cycles arising in this area during a start-up/shut-down transient can be accurately reproduced by clamping the 
blade in the shank zone and applying a transversal load to the trailing edge. It is also shown that the stress/strain states can be 
obtained using a Test Article (TA) extracted from the actual blade. In this configuration, the load magnitude and direction, and the 
distance of the application point from the blade platform are the test control parameters. A FE model simulating the TA test is 
developed to determine the test parameters. A tooling for clamping and loading the TA is finally proposed along with a rig apparatus 
consisting of standard equipment used in material testing.    
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of the 3rd International Symposium on Fatigue Design and Material 
Defects. 

Keywords: high temperature fatigue, gas turbine blade, test rig, finite element analysis. 

*Corresponding author: Bernardo D. Monelli. Tel.: +39 050 2218008 
E-mail address: bernardo.monelli@ing.unipi.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 the 3rd International Symposium on Fatigue Design and Material 
Defects.  

3rd International Symposium on Fatigue Design and Material Defects, FDMD 2017, 19-22 
September 2017, Lecco, Italy 

High temperature fatigue testing of gas turbine blades 
 

M. Beghinia, L. Bertinia, C. Santusa, B.D. Monellia,*,  
E. Scrinzib, N. Pieronib, I. Giovannettib 

 

aUniversity of Pisa - Department of Civil and Industrial Engineering, L. Lucio Lazzarino, Pisa, 50122, Italy 
bBaker Hughes, a GE company - Nuovo Pignone Tecnologie S.r.l., via Felice Matteotti 2, Florence, 50127, Italy 

Abstract 

With the increasing use of renewable energy sources, Gas Turbines (GTs) are currently required to accomplish more flexible 
operations for supplying the back-up energy. As a result, thermo-mechanical fatigue issues in the GTs components are emphasized.  
In this paper, the design of a novel rig for assessing the fatigue behavior in the trailing edge of full scale GTs blades is presented. 
Based on a detailed Finite Element (FE) analysis of the blade response under thermo-mechanical loads, it is demonstrated that the 
stress and strain cycles arising in this area during a start-up/shut-down transient can be accurately reproduced by clamping the 
blade in the shank zone and applying a transversal load to the trailing edge. It is also shown that the stress/strain states can be 
obtained using a Test Article (TA) extracted from the actual blade. In this configuration, the load magnitude and direction, and the 
distance of the application point from the blade platform are the test control parameters. A FE model simulating the TA test is 
developed to determine the test parameters. A tooling for clamping and loading the TA is finally proposed along with a rig apparatus 
consisting of standard equipment used in material testing.    
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of the 3rd International Symposium on Fatigue Design and Material 
Defects. 

Keywords: high temperature fatigue, gas turbine blade, test rig, finite element analysis. 

*Corresponding author: Bernardo D. Monelli. Tel.: +39 050 2218008 
E-mail address: bernardo.monelli@ing.unipi.it 

2 M. Beghini et al. / Structural Integrity Procedia  00 (2017) 000–000 

1. Introduction 

The use of renewable energy sources is nowadays growing in the perspective of sustainable and environmentally 
friendly solutions for energy production. Traditional fossil fuel power plants are facing new challenges to become 
more flexible and efficient back-up power providers. The European Project FLEXTURBINE is aimed at developing 
new technological solutions to guarantee a significant improvement in the flexibility of existing power plants and 
favoring the growth of renewable sources in the European power grid [Gonzalez-Salazar and Kirsten, 2016]. In this 
framework, one of the goals is to improve the components life cycle management of Gas Turbines (GTs) subjected to 
more frequent start-ups, shut-downs, and load changes, while keeping the life cycle costs at the current levels.  

 

Fig. 1. Typical trends of the mission loading parameters for GTs. 

Figure 1 represents the typical trends of the power, firing temperature, and High Pressure (HP) shaft speed in GTs. 
During a single mission, the GTs components withstand thermo-mechanical loads, which rise fast in the start-up to 
full speed-full load condition and then drop during the shut-down. Under these conditions, each GT component is 
subjected to stress and strain cycles pulsing from zero to maximum values given by the design full speed-full load 
condition. In the perspective of more flexible service conditions, it should be expected that fatigue becomes the most 
important damage process [Balevic et al. 2004, James et al. (2014), Kim et al. (2015), Wang et al. (2016), Vacchieri 
(2017)]. A deeper knowledge of the components fatigue behavior is needed to extend the service life of GTs, especially 
for those parts, which withstand the heaviest loading conditions such as the GTs high pressure first stage blades.  

Extensive analyses of GTs blade mechanical response revealed that the disc-blade connection is usually the most 
critical part [Issler et al. (2003), Pineau et al (2009), Hu et al. (2013)]. However, the presence of the cooling system in 
cooled blades can determine critical stress and strain cycles in the airfoil too. It is reasonable to expect that these cycles 
are severe especially in the fillet region between the trailing edge and platform, because of the thin thickness of the 
trailing edge and the presence of cooling holes. The opportunity to study the behavior of the material in these regions 
through a rig testing full-scale blades allows to better estimate the service life of the components taking into account 
the actual geometry and manufacturing process [Bychkov et al. (2008), Hu et al. (2013), Wang et al. (2016)].   

The aim of this paper is to design a novel test rig for studying the high temperature fatigue behavior in the above-
mentioned fillet region. The identification of the test configuration and the component-like specimen definition are 



Download English Version:

https://daneshyari.com/en/article/7954819

Download Persian Version:

https://daneshyari.com/article/7954819

Daneshyari.com

https://daneshyari.com/en/article/7954819
https://daneshyari.com/article/7954819
https://daneshyari.com

