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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 

An executive transport military aircraft experienced the loss of the left main landing gear door during a standard flight. In the 
aftermath of this serious occurrence, at the Chemistry Department of the Flight Test Center of the Italian Air Force (IAF), a 
technical investigation started to identify the root causes of the failure and to prevent other similar incidents.  
The investigation was carried out jointly with the representative of the manufacturing company and was focused on the fracture 
surfaces of the hinges connecting the door to the fuselage. 
This paper shows the results obtained by fractographic (optical and electronic microscopy), metallographic, chemical analysis 
and numerical simulation: the root cause of the cracks was a phenomenon of pitting corrosion mainly located on the door back 
hinge and due to a local loss of coating. This made possible a fatigue fracture mechanism under normal operative cyclic loads. 
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1. Introduction 

An executive transport military aircraft assigned to the 14th Support Wing, Pratica di Mare Air Force Base, 
experienced loss of the main landing gear (MLG) left door during a standard flight (Fig. 1). In the aftermath of this 
serious occurrence, the Chemistry Department of the Italian Air Force (IAF) Flight Test Center was tasked to lead a 
technical investigation aimed to clarify the root causes for the failure and to recommend how to prevent similar 
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accidents. 
 

 
Fig. 1: Location of Main Landing Gear left Door. 

The investigation was carried out in agreement and collaboration with the representatives of the manufacturing 
company (OEM) and with the Support Wing maintenance personnel. The activity was focused on the hinges fracture 
surfaces connecting the door to the fuselage. In particular, the rear hinge is actuated through a leverage directly 
linked to the landing gear opening mechanism, while the forward one is only hinged to the fuselage (Fig. 2). 

 

 
Fig. 2: Detail of Main Landing Gear Door. 
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2. Instruments 

Optical examination was carried out using a Leica M 205 C microscope. Micro - Fractographical evidences were 
acquired by a Gemini Ultra Plus Field Emission Scanning Electron Microscope (FESEM) equipped with an INCAx-
Sight Oxford Instruments XrayEnergy Dispersive Spectroscopy (EDS) to perform a semi-quantitative microanalysis. 
A PerkinElmer Optima 2100DV Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) was used 
to determine the chemical composition. Microstructural examination was performed using a Leica CTR 6000 
metallographic microscope, whereas a scale B Rockwell Hardness test were carried out with a Galileo Hardness 
Tester. FEA was carried out using ANSYS 14.0 software program. 

3. Results 

3.1. Visual and Optical examination 

A preliminary visual examination was performed on both the forward and rear hinge. Forward hinge showed a 
clean crack at the red dotted line of Fig. 3. Related fracture surface was characterized by 45° oriented planes and by 
dull and coarse grains (Fig. 4), a morphology typical of an instantaneous fracture due to overload. 

 

   
Fig. 3: Forward Hinge. Fig. 4: Forward Hinge Fracture. 

More interesting the cracks occurred to the rear hinge (dotted red line in Fig. 5 and red box in Fig. 6) showed 
different morphologies compared with the forward hinge. 

 

   
Fig. 5: Rear Hinge. Fig. 6: Rear Hinge Fracture. 
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