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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 goal of the present work is to define a method to build a FE model which is able to reproduce an experimental tensile test on 
CFRP specimen with different stacking sequences (UD and balanced). The defined method assesses the material numerical 
parameters by means of a simulation that replicates, as a virtual test, the experimental tensile one, and in the future, it will be 
possible to exploit the data obtained to create a reliable model for the simulation of low velocity impacts. Analyses have been 
performed using the non-linear solver ABAQUS Explicit. The current work further studies how to model damage and the effect of 
modifications of the numerical parameters on the results. Indeed, the numerical simulation of composite materials is very sensitive 
to the numerical choices made. Moreover, from the literature and experiments, the mechanical properties of composites are very 
variable and hence the evaluation of the model response to such modifications is of particular interest. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of AIAS 2017 International Conference on Stress Analysis. 

Keywords: CFRP; FEM; failure; tensile test  

1. Introduction and motivations 

The topic of numerical simulation of composite materials is widely investigated and many papers are available in 
the literature. However, such simulations are not straightforward and many research teams continue to work in this 
field. The present paper focuses on the numerical simulation of a tensile test of a carbon fiber composite CFRP. The 
goal is to investigate the material properties by means of virtual tests that replicate the actual experiments. Moreover, 
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the effect of the numerical choices on the numerical models, are also investigated. As far as experimental tests are 
concerned tensile tests on UD specimens, balanced plain specimen as well as specimens with a central hole have been 
performed. Finally, the present work is aimed to define a set of data for the material behaviour and reliable methods 
for the building of numerical models able to reproduce, as a future step, low velocity impacts. Indeed, the simulation 
of an impact is very time consuming and the initial investigation of a simpler configuration, like a tensile test, is a 
reasonable choice. Once all the numerical aspects have been properly set-up, a more complex scenario (tensile test on 
the specimen with hole) is investigated ensuring the goodness of the transferability of the material data and the 
suitability of technique for the modelling construction. A particular aspect of the research regards the adoption of solid 
elements for the numerical simulations. In the literature shell, or continuum shell, to model impact on plates have 
often been the preferred choice, but in recent years, solid elements have been largely used even if the size ratio suggests 
to use shell elements. The use of solid elements seems to guarantee better results both in terms of numerical values 
and morphology of damage, Feng (2013), Guo (2013), Boria (2014). The present paper starts with a description of the 
experimental tests, Section 2, followed by the building of the model, Section 3, including the choices made with 
regards to how to describe the interaction between each ply and considerations about the mesh. Section 3.3 includes 
the fine tuning of the fracture properties (of the matrix) in order to better fit the experimental data while always 
remaining inside the experimental variability. Finally, in the results, Section 4, the accuracy of the simulation obtained 
by the data calibrated using the experimental data from UD and balanced specimen is shown. The results are then 
applied in the replication of balanced with hole specimens. This type of specimen allows an assessment of the 
goodness of the transferability both of the material data and the modelling technique thus can be considered a sort of 
validation. 

2. Experiments 

The present activity is focused on the study of pre-impregnated carbon fiber/epoxy unidirectional and 
multidirectional laminates, and in particular the material used is the MTM45-1/IM7(12K)-145g/m2-32%RW. It is 
made of epoxy resin matrix MTM R45-1 32% in weight produced by Cytec and carbon fibers HexTow RIM7 (12K) 
produced by Hexcel, with an area density of 145g/m2. The material was provided in form of unidirectional tape, and 
was subsequently assembled according to the desired stacking sequence and properly cured. The thickness of the 
lamina is 0.129 ± 0.013mm. The tests were performed according the ASTM D3039 standard with a hydraulic testing 
machine MTS 810. An extensometer was used to measure the displacement during the tests. The size of the specimen 
is reported in Table 1. 
 

Table 1. Definition of the specimen 
Specimen layup Size [mm] Tabs [mm] 
UD [0]8 250x15x1 56x15x1.5 
BAL [(0/45/90/-45)2]s 250x25x2 - 
BAL with HOLE [(0/45/90/-45)2]s 250x36x2 6 

 

3. Specimens modelling 

The simulations were performed using the finite element commercial software ABAQUS 6.14 with its dynamic 
explicit solutor, and three different strategies to model the specimen were studied: 

• Perfect Bonding between laminae: PB 
• Tie interaction between laminae: TIE 
• Cohesive interaction between laminae: COH 

All these models involve 3D solid elements with a reduced integration C3D8R, but they differ in the layer modelling 
techniques. The PB is the simplest model which is used in the preliminary stages to obtain results in a short time. PB 
refers to a perfect bonding between plies, which means that the laminate is drawn as a single part and then partitioned 
in order to obtain the laminae to which the specific properties are assigned. All the layers are perfectly bonded (welded) 
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to each other. Hence, in this case no contact formulation is needed, reducing the calculation time. In the TIE model 
each single ply is modelled separately, and then the different laminae are stacked and joined through the tie contact. 
Nodes in contact are tied with a master-slave algorithm that ensures the rigid bonding of the surfaces, thereby almost 
halving the computational time. Furthermore, these two models are only able to evaluate the intra-plies failure. They 
do not consider the delamination phenomenon and if delamination occurs experimentally, they tend to overestimate 
the ultimate load. Only the COH model takes delamination damage into account. As in the TIE model, the single 
laminae are modelled separately and are then joined through a contact formulation, which in this case is the cohesive 
surface based interaction which is used to model the inter-laminar damage. Analysis which take delamination results 
into account are the slowest. The damage onset and the evolution of delamination are evaluated through the QUADS 
and B-K criteria respectively. Concerning the intra-plies failure, a Hashin criterion was implemented, however in 
ABAQUS only a 2D Hashin criterion is available and it works only with shell or continuum shell elements. Hence, a 
user-subroutine was used in this work to overcome this issue and to ensure the possible use of solid elements. 

3.1. Mesh 

The mesh is another important aspect of simulations. It is necessary to find a compromise between a coarse mesh 
to ensure a non-excessive calculation time, but fine enough mesh to correctly and faithfully reproduce the simulated 
phenomenon. In the present work, different meshes were tested to study their effect on the solution. Particularly three 
different dimensions were used, indicated as m1, m2 and m3 as reported in Table 2 for each kind of test. The value 
reported for the open hole are referred to the near hole area whereas away from hole a coarser mesh was used. In 
general, and unless otherwise specified, one element per lamina in the thickness direction was used. As shown below 
it was found that mesh size mainly affects only the breaking load but does not influence the stiffness.  
 
 
 
 
 
 
	

3.2. Boundary conditions and constrains 

In this section, the boundary conditions for the different loading cases are investigated. In the experimental tests, 
the crosshead movement was applied in displacement control and it was simulated through the definition of a reference 
point (RP) to which the motion law was assigned. In case of the tensile simulation, the movement was transmitted to 
the specimen through a coupling interaction between the RP and one side of the specimen, whereas the other side was 
coupled to a second reference point, whose position was fixed. The reaction force was registered in the static reference 
point and the displacement results from the difference between the displacement of other two reference points placed 
in the middle of the specimen at a distance of 25mm, to simulate the measurement of the extensometer. A variety of 
different ways to simulate the gripping area were tested in order to find a satisfactory solution for all the model 
configurations (PB, TIE, COH). In reality, the gripping system applies a certain pressure on the specimen and therefore 
the sliding of each ply is reduced. In the FE model, such pressure was not modelled because experimentally it is hard 
to acquire its exact value. The consequence is that in case of PB it is sufficient to apply the coupling on the two outer 
surfaces in the gripping area of the specimen whereas in case of TIE and COH this leads to a premature and wrong 
failure of the laminates. Practically, without pressure the transmission of the load between plies do not work very well 
leading to an overload of the two outer surfaces which fail in a premature way. In order to overcome this issue, the 
gripping area was not modelled but only the effective length of the specimen outside the gripping was modelled and 
a coupling on the entire transversal area at the two ends of the specimen was imposed.  
 

Table 2. Mesh size 
 Tension Open hole 
m1 [mm] 5 2 
m2 [mm] 3 1 
m3 [mm] 1 0.5 
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