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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

Fatigue strength under fretting fatigue is one of the open problems in the area of fatigue. In the case of railway wheel-axle press-fits,
there are no records of recent failures because design rules are today based on making the shape of geometrical transitions the most
stressed point. However, it is important to analyze correctly the acceptability of defects and micro-cracks at press-fits.

In this paper, after a preliminary presentation of the results obtained by a new criterion for predicting the non-propagation of
cracks under rolling contact fatigue conditions, a new series of experiments on full-scale axle press-fits containing artificial defects
is presented and discussed. Results show the modified Dang Van criterion is adequate for describing the development of natural
cracks and cracks from artificial defects. The latter, characterized by a depth of 250 − 350 µm, are competitors of fretting cracks
naturally developed from surface scars and surface damage.
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1. Introduction

The investigation of fretting damage and its prolonged consequences in fatigue life assessment is an important issue
in railway axle design. Fretting fatigue in axle-wheel press-fits can be described as the repetitive micro sliding of
the wheel assembly on press-fit seat due to applied bending and vibrations. Multiple-site surface damage caused
by fretting is considered to be the source of crack nucleation, which can become a propagating crack by further
application of cyclic loading.

The first aim of the present study is to verify whether the fatigue strength values reported in the relevant European
Standard are compatible with the presence of indications usually detected by magnetic particle inspection (MPI) at
the end of a fatigue test. This looks to be a significant improvement with respect to the current European Standard EN
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13260 (2009), which requires that “it shall be verified on three specimens that no cracks has appeared after 107 cycles
of a load creating a surface stress equal to the fatigue limit” (quote from EN 13260 (2009)).

The second aim is to establish a criterion for the acceptability of defects at press-fits in railway axles. In a previous
study, see Foletti et al. (2016), the multiaxial high cycle fatigue criterion proposed by Dang Van et al. (1989) and
(1993), modified as proposed by Desimone et al. (2006), was applied to the stress distribution, obtained by finite
element (FE) analysis. This analysis was conducted along the press-fit contact area for a stress level corresponding
to the fatigue strength at 107 cycles for press-fits as determined within the Euraxles European Collaborative Project,
see Cervello (2016). In detail, the obtained equivalent stress has been treated as the fatigue strength of the material
containing defects (the surface damage and scars induced by stick-slip conditions) expressed as a function of defect
size through the El Haddad correction, El Haddad et al. (1979). This approach allowed to estimate a maximum
allowable depth of defects (for the stress levels corresponding to full-scale fatigue strength at 107 cycles) of the
order of 250 − 350 µm.

In this paper, those predictions have been compared with test results on full-scale axles with artificial micro-
notches, performed as a part of a collaboration project between PoliMi and Lucchini RS. Experimental tests have
then been analysed in terms of fatigue test results and fractographic evidences, which showed a competition of cracks
initiating at micronotches and natural fretting cracks.

2. Criterion for fatigue strength/threshold condition of defects under fretting

The proposed procedure is based on a finite element (FE) analysis so as to obtain the stress path under the press fit
seat. The stress tensor is used as input in the Dang Van criterion to determine an equivalent stress. The Dang Van
criterion can be expressed as, Dang Van et al. (1989) and (1993):

τDV (t) + αDVσh(t) ≤ τw (1)

where αDV is a material constant, τw is the fatigue limit in reversed torsion, σh(t) is the instantaneous hydrostatic
component of the stress tensor and τDV (t) is the instantaneous value of the Tresca shear stress at mesoscale level. In
order to avoid non-conservative predictions in rolling contact fatigue (RCF) problems, Desimone et al. (2006), argued
that the failure locus in the region with σh(t) < 0 should be modified into a constant value:

τDV (t) ≤ τw =
σw

2
for σh < 0 (2)

Adopting this failure locus, which is conservative by 10 % with respect to experiments on microdefects under RCF,
Foletti et al. (2014), an equivalent stress can be simply expressed for σh < 0 as:

σDV
eq = 2 ·max

(
τDV (t)

)
≤ σw (3)

If the relationship between fatigue strength σw and defect size is described through the model:

σw = σwo

√ √
areao√

area +
√

areao
(4)

where
√

area is the defect size expressed by Murakami’s parameter (see Murakami (2002)) and
√

areao is the El-
Haddad’s parameter expressed in the same way, the critical defect size for a given multiaxial stress σDV

eq can then be
determined:

√
areacrit : σDV

eq = σw (5)

Considering a shallow 2D surface crack with a length c, the parameter can be calculated as
√

area =
√

10 · c (see
Murakami (2002)). It is therefore simple to find a critical defect size (or depth by knowing the orientation angle, see
Fig. 1a) for a given multiaxial stress state (provided that σh < 0). The orientation of the critical defect size can be
obtained by considering the critical plane version of the Dang Van criterion. Considering a material plane defined by
its unit normal vector n the Dang Van shear stress can be defined as:

τDV (φ, θ, t) = ||τ (φ, θ, t) − τm (φ, θ) || (6)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prostr.2017.11.116&domain=pdf


 S. Foletti  et al. / Procedia Structural Integrity 7 (2017) 484–491 485

Available online at www.sciencedirect.com

Structural Integrity Procedia 00 (2017) 000–000
www.elsevier.com/locate/procedia

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

Experiments on crack propagation and threshold at defects in
press-fits of railway axles

S. Folettia,∗, S. Berettaa, F. Bertozzia, M. Carbonia, S. Cervellob, D. Regazzib
aPolitecnico di Milano, Dept. Mech. Engng, Via La Masa 1, 20156 Milano, Italy

bLucchini RS SpA, Via G. Paglia 45, 24065 Lovere (BG), Italy

Abstract

Fatigue strength under fretting fatigue is one of the open problems in the area of fatigue. In the case of railway wheel-axle press-fits,
there are no records of recent failures because design rules are today based on making the shape of geometrical transitions the most
stressed point. However, it is important to analyze correctly the acceptability of defects and micro-cracks at press-fits.

In this paper, after a preliminary presentation of the results obtained by a new criterion for predicting the non-propagation of
cracks under rolling contact fatigue conditions, a new series of experiments on full-scale axle press-fits containing artificial defects
is presented and discussed. Results show the modified Dang Van criterion is adequate for describing the development of natural
cracks and cracks from artificial defects. The latter, characterized by a depth of 250 − 350 µm, are competitors of fretting cracks
naturally developed from surface scars and surface damage.

c© 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: fretting; defects; threshold; propagation; railway axles

1. Introduction

The investigation of fretting damage and its prolonged consequences in fatigue life assessment is an important issue
in railway axle design. Fretting fatigue in axle-wheel press-fits can be described as the repetitive micro sliding of
the wheel assembly on press-fit seat due to applied bending and vibrations. Multiple-site surface damage caused
by fretting is considered to be the source of crack nucleation, which can become a propagating crack by further
application of cyclic loading.

The first aim of the present study is to verify whether the fatigue strength values reported in the relevant European
Standard are compatible with the presence of indications usually detected by magnetic particle inspection (MPI) at
the end of a fatigue test. This looks to be a significant improvement with respect to the current European Standard EN

∗ Corresponding author. Tel.: +39-0223998629 ; fax: +39-0223998263.
E-mail address: stefano.foletti@polimi.it

2210-7843 c© 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.

Available online at www.sciencedirect.com

Structural Integrity Procedia 00 (2017) 000–000
www.elsevier.com/locate/procedia

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

Experiments on crack propagation and threshold at defects in
press-fits of railway axles

S. Folettia,∗, S. Berettaa, F. Bertozzia, M. Carbonia, S. Cervellob, D. Regazzib
aPolitecnico di Milano, Dept. Mech. Engng, Via La Masa 1, 20156 Milano, Italy

bLucchini RS SpA, Via G. Paglia 45, 24065 Lovere (BG), Italy

Abstract

Fatigue strength under fretting fatigue is one of the open problems in the area of fatigue. In the case of railway wheel-axle press-fits,
there are no records of recent failures because design rules are today based on making the shape of geometrical transitions the most
stressed point. However, it is important to analyze correctly the acceptability of defects and micro-cracks at press-fits.

In this paper, after a preliminary presentation of the results obtained by a new criterion for predicting the non-propagation of
cracks under rolling contact fatigue conditions, a new series of experiments on full-scale axle press-fits containing artificial defects
is presented and discussed. Results show the modified Dang Van criterion is adequate for describing the development of natural
cracks and cracks from artificial defects. The latter, characterized by a depth of 250 − 350 µm, are competitors of fretting cracks
naturally developed from surface scars and surface damage.

c© 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: fretting; defects; threshold; propagation; railway axles

1. Introduction

The investigation of fretting damage and its prolonged consequences in fatigue life assessment is an important issue
in railway axle design. Fretting fatigue in axle-wheel press-fits can be described as the repetitive micro sliding of
the wheel assembly on press-fit seat due to applied bending and vibrations. Multiple-site surface damage caused
by fretting is considered to be the source of crack nucleation, which can become a propagating crack by further
application of cyclic loading.

The first aim of the present study is to verify whether the fatigue strength values reported in the relevant European
Standard are compatible with the presence of indications usually detected by magnetic particle inspection (MPI) at
the end of a fatigue test. This looks to be a significant improvement with respect to the current European Standard EN

∗ Corresponding author. Tel.: +39-0223998629 ; fax: +39-0223998263.
E-mail address: stefano.foletti@polimi.it

2210-7843 c© 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.

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

13260 (2009), which requires that “it shall be verified on three specimens that no cracks has appeared after 107 cycles
of a load creating a surface stress equal to the fatigue limit” (quote from EN 13260 (2009)).

The second aim is to establish a criterion for the acceptability of defects at press-fits in railway axles. In a previous
study, see Foletti et al. (2016), the multiaxial high cycle fatigue criterion proposed by Dang Van et al. (1989) and
(1993), modified as proposed by Desimone et al. (2006), was applied to the stress distribution, obtained by finite
element (FE) analysis. This analysis was conducted along the press-fit contact area for a stress level corresponding
to the fatigue strength at 107 cycles for press-fits as determined within the Euraxles European Collaborative Project,
see Cervello (2016). In detail, the obtained equivalent stress has been treated as the fatigue strength of the material
containing defects (the surface damage and scars induced by stick-slip conditions) expressed as a function of defect
size through the El Haddad correction, El Haddad et al. (1979). This approach allowed to estimate a maximum
allowable depth of defects (for the stress levels corresponding to full-scale fatigue strength at 107 cycles) of the
order of 250 − 350 µm.

In this paper, those predictions have been compared with test results on full-scale axles with artificial micro-
notches, performed as a part of a collaboration project between PoliMi and Lucchini RS. Experimental tests have
then been analysed in terms of fatigue test results and fractographic evidences, which showed a competition of cracks
initiating at micronotches and natural fretting cracks.

2. Criterion for fatigue strength/threshold condition of defects under fretting

The proposed procedure is based on a finite element (FE) analysis so as to obtain the stress path under the press fit
seat. The stress tensor is used as input in the Dang Van criterion to determine an equivalent stress. The Dang Van
criterion can be expressed as, Dang Van et al. (1989) and (1993):

τDV (t) + αDVσh(t) ≤ τw (1)

where αDV is a material constant, τw is the fatigue limit in reversed torsion, σh(t) is the instantaneous hydrostatic
component of the stress tensor and τDV (t) is the instantaneous value of the Tresca shear stress at mesoscale level. In
order to avoid non-conservative predictions in rolling contact fatigue (RCF) problems, Desimone et al. (2006), argued
that the failure locus in the region with σh(t) < 0 should be modified into a constant value:

τDV (t) ≤ τw =
σw

2
for σh < 0 (2)

Adopting this failure locus, which is conservative by 10 % with respect to experiments on microdefects under RCF,
Foletti et al. (2014), an equivalent stress can be simply expressed for σh < 0 as:

σDV
eq = 2 ·max

(
τDV (t)

)
≤ σw (3)

If the relationship between fatigue strength σw and defect size is described through the model:

σw = σwo

√ √
areao√

area +
√

areao
(4)

where
√

area is the defect size expressed by Murakami’s parameter (see Murakami (2002)) and
√

areao is the El-
Haddad’s parameter expressed in the same way, the critical defect size for a given multiaxial stress σDV

eq can then be
determined:

√
areacrit : σDV

eq = σw (5)

Considering a shallow 2D surface crack with a length c, the parameter can be calculated as
√

area =
√

10 · c (see
Murakami (2002)). It is therefore simple to find a critical defect size (or depth by knowing the orientation angle, see
Fig. 1a) for a given multiaxial stress state (provided that σh < 0). The orientation of the critical defect size can be
obtained by considering the critical plane version of the Dang Van criterion. Considering a material plane defined by
its unit normal vector n the Dang Van shear stress can be defined as:

τDV (φ, θ, t) = ||τ (φ, θ, t) − τm (φ, θ) || (6)



Download English Version:

https://daneshyari.com/en/article/7955011

Download Persian Version:

https://daneshyari.com/article/7955011

Daneshyari.com

https://daneshyari.com/en/article/7955011
https://daneshyari.com/article/7955011
https://daneshyari.com

