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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

The process of cutting is treated as a fracture mechanical process. For an elliptic rigid wedge pressed into an elastic material,
fracture may occur as an autonomous process if the tip of the wedge is sufficiently blunt or is affected by the geometry of the
wedge if the tip is sharp. The conditions leading to the former or the latter case is obtained as a relation between the wedge tip
radius, the fracture toughness and the modulus of elasticity. These limits and the intermediate states are discussed. The implications
of the drastic changes of the mechanical state of the near tip region when the wedge edge is sharp are also discussed.
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1. Introduction

The mechanics of cutting has been attracting much attention in the literature, with the aim of addressing different
technical problems (Williams and Patel, 2016; Williams et al., 2016) ranging from metal machining (Williams, 1998;
Williams et al., 2010), to cutting of soft solids, such as biological tissues, foodstuffs or elastomeric materials (Goh
et al., 2005; McCarthy et al., 2007, 2010). Cutting is also used as an experimental method for determining fracture
toughness of polymers (Patel et al., 2009). Typically, cutting process is characterized by an indentation stage followed
by a stage where the target material undergoes a progressive separation. The mechanical response in both stages is
governed by the cutting tool shape (blade), the target material and the cutting rate. In the present paper, the quasi-static
fracture stage is studied by means of a simple model which can be handled analytically, where the blade is modelled
as a rigid wedge inserted into an elastic plate.

2. The wedge model for the cutting tool

Let us consider a large plate with a single centred cut of length 2a. A cartesian coordinate system x, y is introduced
in the centre of the plate so that the cut covers the region |x| ≤ a, y = 0. An elliptic wedge with major and minor
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Fig. 1. An elliptic rigid wedge |x|≤� is inserted in a straight cut |x|≤a, in a very large elastic plate. The wedge imposes a known
displacement h(x) in the region |x|≤a1 and traction free surfaces in the regions a1<|x|<a2≤a, where contact between the cut surfaces
is lost. Displacements vanish in a2 ≤ |x| ≤ a.

semiaxes of length, respectively, � and h0, is inserted in the centre of the crack (Fig. 1). Its shape is expressed by

h(x) = ho

√
1 − (x/�)2 (1)

In order to define the wedge sharpness, we introduce the radius of curvature ρ at the wedge tip, which is equal to
h2

o/�. A sharpness parameter θ can be defined if one divides ρ by a material-based length parameter. In absence of any
inherent material length, the tip radius Rc of a crack experiencing a critical condition is considered, defined as

Rc =

(
π

2

) (KIc

E

)2
(2)

where KIc is the critical stess intensity factor and E is Young’s modulus. Therefore we obtain

θ =
h2

0

�Rc
(3)

The wedge is assumed to be sharp for θ < 1 and blunt for θ > 1.
We assume the wedge to be shorter or have the same length of the cut, i.e., � ≤ a and partly in contact with its

surfaces, which are supposed to be friction free. The elastic plate is assumed to be stress free far away from the wedge.
As a result of the contact between the wedge and the cut surfaces, normal tractions can only be compressive or absent,
i.e., σy ≤ 0, along |x| ≤ a1, while shear tractions τxy(x) are null at all points along y = 0 because of frictionless
surfaces. Moreover, the wedge generates imposed displacements v(x) = h(x) in |x| ≤ �.

In view of this, a boundary value problem can be formulated. Considering the upper half of the plate, such a
problem is defined by the following equations

v(x) = h(x), with the condition σy(x) ≤ 0 for |x| ≤ a1 (4)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prostr.2017.04.063&domain=pdf
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The wedge is assumed to be sharp for θ < 1 and blunt for θ > 1.
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