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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 3 (2017) 276–282

Copyright © 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of IGF Ex-Co.
10.1016/j.prostr.2017.04.036

10.1016/j.prostr.2017.04.036

Copyright © 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of IGF Ex-Co.

 

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 IGF Ex-Co.  

XXIV Italian Group of Fracture Conference, 1-3 March 2017, Urbino, Italy 

Integranular corrosion susceptibility analysis in austeno-ferritic 
(duplex) stainless steels 

Francesco Iacoviello*, Vittorio Di Cocco, Laura D’Agostino 
Università di Cassino e del Lazio Meridionale, DICeM, via G. Di Biasio 43, 03043 Cassino (FR), Italy 

 

Abstract 

Austenitic-ferritic stainless steels combine the favorable properties of ferrite and austenite, showing both high mechanical 
properties and very good corrosion resistance. These steels are characterized by the precipitation of many secondary phases, 
carbides and nitrides for tempering temperatures between 200 and 1050°C. This phenomenon implies a high susceptibility to 
localized corrosion, however better than austenitic and ferritic grades. In this work, the susceptibility to intergranular corrosion in 
of two duplex stainless steel characterized by analogous ferrite/austenite volume fraction was investigated. A “standard” duplex 
stainless steel SAF 2205 and a “super” duplex stainless steel SAF 2507 were investigated by means of potentiostatic reactivations 
tests. In addition, chronoamperometric tests and light optical  microscope observations of the specimens surfaces were performed 
in order to analyze the evolution of the corrosion morphologies. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of IGF Ex-Co. 
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1. Introduction 

Because of their austenitic-ferritic microstructure, duplex stainless steels offer a good combination of mechanical 
properties and corrosion resistance compared to standard austenitic grades, Gunn (1997). They are widely used in 
chemical, petrochemical, fertilizer, nuclear and cellulose industries.  
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These steels solidify liquid + ferritic field and it is during cooling of the solid that a partial ferrite transformation 
into austenite takes place. The amount of austenite and ferrite phases depends on chemical composition and cooling 
rate, Brandi (1997). The best combination of mechanical properties and corrosion resistance is obtained with a 
/volume ratio near to 1. Duplex stainless steels are characterized by many microstructure modifications (Fig. 1). 

 

 

Fig. 1. Austenitic-ferritic stainless steels: T.T.T (Transformation–Time–Temperature) diagram. 

Above 1050°C, austenite transforms into ferrite. This ferritisation process implies a modification both in volume 
fraction and in partition coefficients, with an increasing of interstitial elements content (e.g. hydrogen and nitrogen) 
in ferrite grains. Below 1050°C, duplex stainless steels show two different critical temperature ranges.  

In the 600-1050°C range many carbides, nitrides, intermetallic and secondary phases could precipitate. Carbides 
M7C3 (between 950 and 1050°C), carbides M23C6 (between 600 and 950°C), nitrides (, CrN, Cr2N), intermetallic 
phases (, , R) and secondary austenite 2 precipitate in ferrite grains or in  or  grain boundaries, Josefsson 
(1991). This precipitation implies a strong mechanical properties modification and an evident fatigue crack 
propagation resistance decreasing, Iacoviello (1997) and Iacoviello (1999). 

In the temperature range between about 350 and 600 °C, the spinodal decomposition of ferrite grains and a fcc G 
phase precipitation at  grain boundaries take place, Iacoviello (2005). G phase particles are characterized by a 
composition that varies according to the steel and to the ageing conditions, with the overall concentration of 
Ni+Si+Mo+Mn+Al that increase from 40 to 60% between 1000 and 30000 h at 350°C [10]. 

In this work, two duplex stainless steels (a 22Cr 5 Ni and a 25 Cr 7 Ni) with analogous ferrite and austenite 
volume fractions were considered and their susceptibility to the intergranular corrosion was investigated after 
sensitization at 800°C by means of DL-EPR tests, chronoamperometric tests and light optical microscope specimens 
surface observations. 

2. Investigated steels and experimental procedures 

The investigated duplex stainless steels chemical composition and tensile properties are shown in Tabs. 1 and 2.  
 

Table 1. 22 Cr 5 Ni (%ferrite = %austenite = 50) chemical composition and tensile properties. 
 

C Si Mn P S Cr Ni Mo N 
0.019 0.39 1.51 0.022 0.002 22.45 5.50 3.12 0.169 

YS [MPa] UTS [MPa] A% 
565 827 35 

 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prostr.2017.04.036&domain=pdf


 Francesco Iacoviello et al. / Procedia Structural Integrity 3 (2017) 276–282 277

 

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 IGF Ex-Co.  

XXIV Italian Group of Fracture Conference, 1-3 March 2017, Urbino, Italy 

Integranular corrosion susceptibility analysis in austeno-ferritic 
(duplex) stainless steels 

Francesco Iacoviello*, Vittorio Di Cocco, Laura D’Agostino 
Università di Cassino e del Lazio Meridionale, DICeM, via G. Di Biasio 43, 03043 Cassino (FR), Italy 

 

Abstract 

Austenitic-ferritic stainless steels combine the favorable properties of ferrite and austenite, showing both high mechanical 
properties and very good corrosion resistance. These steels are characterized by the precipitation of many secondary phases, 
carbides and nitrides for tempering temperatures between 200 and 1050°C. This phenomenon implies a high susceptibility to 
localized corrosion, however better than austenitic and ferritic grades. In this work, the susceptibility to intergranular corrosion in 
of two duplex stainless steel characterized by analogous ferrite/austenite volume fraction was investigated. A “standard” duplex 
stainless steel SAF 2205 and a “super” duplex stainless steel SAF 2507 were investigated by means of potentiostatic reactivations 
tests. In addition, chronoamperometric tests and light optical  microscope observations of the specimens surfaces were performed 
in order to analyze the evolution of the corrosion morphologies. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of IGF Ex-Co. 

Keywords: Duplex Stainless Steels; Intergranular corrosion; DL-EPR test. 

1. Introduction 

Because of their austenitic-ferritic microstructure, duplex stainless steels offer a good combination of mechanical 
properties and corrosion resistance compared to standard austenitic grades, Gunn (1997). They are widely used in 
chemical, petrochemical, fertilizer, nuclear and cellulose industries.  

 

 
* Corresponding author. Tel.: +39.07762993681. 

E-mail address: iacoviello@unicas.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 IGF Ex-Co.  

XXIV Italian Group of Fracture Conference, 1-3 March 2017, Urbino, Italy 

Integranular corrosion susceptibility analysis in austeno-ferritic 
(duplex) stainless steels 

Francesco Iacoviello*, Vittorio Di Cocco, Laura D’Agostino 
Università di Cassino e del Lazio Meridionale, DICeM, via G. Di Biasio 43, 03043 Cassino (FR), Italy 

 

Abstract 

Austenitic-ferritic stainless steels combine the favorable properties of ferrite and austenite, showing both high mechanical 
properties and very good corrosion resistance. These steels are characterized by the precipitation of many secondary phases, 
carbides and nitrides for tempering temperatures between 200 and 1050°C. This phenomenon implies a high susceptibility to 
localized corrosion, however better than austenitic and ferritic grades. In this work, the susceptibility to intergranular corrosion in 
of two duplex stainless steel characterized by analogous ferrite/austenite volume fraction was investigated. A “standard” duplex 
stainless steel SAF 2205 and a “super” duplex stainless steel SAF 2507 were investigated by means of potentiostatic reactivations 
tests. In addition, chronoamperometric tests and light optical  microscope observations of the specimens surfaces were performed 
in order to analyze the evolution of the corrosion morphologies. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of IGF Ex-Co. 

Keywords: Duplex Stainless Steels; Intergranular corrosion; DL-EPR test. 

1. Introduction 

Because of their austenitic-ferritic microstructure, duplex stainless steels offer a good combination of mechanical 
properties and corrosion resistance compared to standard austenitic grades, Gunn (1997). They are widely used in 
chemical, petrochemical, fertilizer, nuclear and cellulose industries.  

 

 
* Corresponding author. Tel.: +39.07762993681. 

E-mail address: iacoviello@unicas.it 

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

These steels solidify liquid + ferritic field and it is during cooling of the solid that a partial ferrite transformation 
into austenite takes place. The amount of austenite and ferrite phases depends on chemical composition and cooling 
rate, Brandi (1997). The best combination of mechanical properties and corrosion resistance is obtained with a 
/volume ratio near to 1. Duplex stainless steels are characterized by many microstructure modifications (Fig. 1). 

 

 

Fig. 1. Austenitic-ferritic stainless steels: T.T.T (Transformation–Time–Temperature) diagram. 

Above 1050°C, austenite transforms into ferrite. This ferritisation process implies a modification both in volume 
fraction and in partition coefficients, with an increasing of interstitial elements content (e.g. hydrogen and nitrogen) 
in ferrite grains. Below 1050°C, duplex stainless steels show two different critical temperature ranges.  

In the 600-1050°C range many carbides, nitrides, intermetallic and secondary phases could precipitate. Carbides 
M7C3 (between 950 and 1050°C), carbides M23C6 (between 600 and 950°C), nitrides (, CrN, Cr2N), intermetallic 
phases (, , R) and secondary austenite 2 precipitate in ferrite grains or in  or  grain boundaries, Josefsson 
(1991). This precipitation implies a strong mechanical properties modification and an evident fatigue crack 
propagation resistance decreasing, Iacoviello (1997) and Iacoviello (1999). 

In the temperature range between about 350 and 600 °C, the spinodal decomposition of ferrite grains and a fcc G 
phase precipitation at  grain boundaries take place, Iacoviello (2005). G phase particles are characterized by a 
composition that varies according to the steel and to the ageing conditions, with the overall concentration of 
Ni+Si+Mo+Mn+Al that increase from 40 to 60% between 1000 and 30000 h at 350°C [10]. 

In this work, two duplex stainless steels (a 22Cr 5 Ni and a 25 Cr 7 Ni) with analogous ferrite and austenite 
volume fractions were considered and their susceptibility to the intergranular corrosion was investigated after 
sensitization at 800°C by means of DL-EPR tests, chronoamperometric tests and light optical microscope specimens 
surface observations. 

2. Investigated steels and experimental procedures 

The investigated duplex stainless steels chemical composition and tensile properties are shown in Tabs. 1 and 2.  
 

Table 1. 22 Cr 5 Ni (%ferrite = %austenite = 50) chemical composition and tensile properties. 
 

C Si Mn P S Cr Ni Mo N 
0.019 0.39 1.51 0.022 0.002 22.45 5.50 3.12 0.169 

YS [MPa] UTS [MPa] A% 
565 827 35 

 



Download English Version:

https://daneshyari.com/en/article/5452736

Download Persian Version:

https://daneshyari.com/article/5452736

Daneshyari.com

https://daneshyari.com/en/article/5452736
https://daneshyari.com/article/5452736
https://daneshyari.com

