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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 damage tolerance design approach, expects the existence of the initial flaw in any structure. To manage the extension of 
this flaw during service, the fracture mechanics principles are applied. For this purpose, two domains of analysis must be 
accomplished: First, the crack growth due to variable, periodical load (fatigue load), second, the residual strength of the damaged 
structure statically loaded. For both analysis, the computing of the fracture mechanics characteristics in each state of the crack 
opening is indispensable. 

In practice, the application of the FE method is necessary. By the help of currently used FEM software NASTRAN, the stress 
intensity factor – KI and KII – can be compute by application of the special element, called CRAC2D. Unfortunately, CRAC2D 
element is not implemented into the currently used FE pre-processors. Moreover, one application of the CRAC2D element result 
only in a single value of the KI and KII for the modeled crack length.  

For these reasons, the fully automated crack growing modeling was developed. Based on the virgin FE model (base FE model 
without crack), the developed software application generate the appropriate FE model for each desired crack opening. User have 
only to indicate the crack initiation node and the crack growing path, so-called crack growing scenario (see fig.1). After the data 
check, the crack is modeled, the CRAC2D element is applied at the crack tip, the FE model is saved, the related job is executed 
and the resultant KI and KII values are associated with modeled crack length. This step is repeated for each desired crack opening. 
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Nomenclature 

KI  Stress intensity factor – mode 1 
KII   Stress intensity factor – mode 2 
a  Crack length 
CRAC2D Special fracture mechanics NASTRAN element 

1. Introduction 

The approach to engineering design to account for damage tolerance, which is a property of a structure relating to 
its ability to sustain defects safely until repair can be effected, is based on the assumption that flaws can exist in any 
structure and such flaws propagate with usage [1]. This approach is commonly used in aerospace engineering to 
manage the extension of cracks in structure through the application of the principles of fracture mechanics[2]. For this 
purpose, two domains of analysis must be accomplished: First, the crack growth due to variable, periodical load 
(fatigue load), second, the residual strength of the damaged structure statically loaded. For both analysis, the computing 
of the fracture mechanic characteristics (as stress intensity factor [5], [8] or J-integral) in each state of the crack opening 
is indispensable. 

In practice, for the real complex aeronautical structures, the application of the finite element method is necessary 
[4]. By the help of the currently used software NASTRAN, the fracture mechanics characteristics of the plate and shell 
structures can be compute by application of the special element, called CRAC2D [6]. Concretely, the first and second 
mode of the stress intensity factor – KI and KII – result this FE analysis. Unfortunately, CRAC2D element is not 
implemented into the currently used FE pre-processors. Moreover, one application of the CRAC2D element result in 
a single value of the KI and KII for the modeled crack length. However, for above-mentioned analysis is indispensable 
to compute the stress intensity factor in each crack growing state (for each crack length) [9]. 

For these reasons, the fully automated crack growing modeling was developed. Based on the virgin FE model 
(base FE model without crack), the developed software application generate the appropriate FE model for each desired 
crack opening. After, the job is executed for each crack opening and finally, the result computed values of stress 
intensity factor are automatically read and link with the modeled crack length. Also, the stress intensity factor as a 
function of crack length is determinate (see example on fig.1). 

 
 

 

Fig. 1. Stress intensity factor vs. crack length – crack grow modeling example [7] 
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