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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 

Short fibers are effective reinforcements in strengthening and toughening polymer materials. It is reported that even small amounts 
of fibers drastically increased composite strength. However, for high fiber dosage the dispersion and interface adhesion is quite 
poor reaching to lower stiffness and strength efficiency. The effects of fiber length on mechanical properties of low content of short 
fiber reinforced composites is usually associated with a gain with the increasing of fiber length, but for high dosage this statement 
is not entirely consensual. This paper intends to contribute for the better understanding of the effect of the fiber length on the 
mechanical performance of high dosage fiber reinforced composites. Composite plates were manufactured by compression 
moulding, using short carbon fibers reinforcements (2, 4 and 6 mm in length) with 60% wt fiber fraction and the Biresin®CR120 
resin as matrix. The specimens were machined from the plates for desired dimensions to the tensile and DMA tests. High dosage 
composites exhibits very low efficiency parameters both in stiffness and particularly in tensile strength. Stiffness increases in order 
of 25% when fiber length increases from 2mm to 4mm, but afterwards decreases for 6mm fiber length composites. The same 
tendency was observed for the tensile strength meaning that poor fiber dispersion and disorder was achieved for 6mm fiber length. 
The results of DMA indicate, however, that modulus storage increases when fiber length increases from 2mm to 6mm. 
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1. Introduction 

Short fiber-reinforced exhibits some advantages in comparison with the continuous fiber-reinforced composites, 
like: lower cost, quasi-isotropic mechanical properties and easier manufacturing processing, which leads to their 
widely use in automobile and other industries. Short fiber reinforced composites are designed to occupy the gap 
corresponding to the large difference between mechanical properties of continuous fiber laminates used as highly 
charged primary structures and unreinforced polymers used in non-load-bearing applications, Fu et al. (2000), 
Gordeyev et al. (2001) and Kuriger et al (2002). Epoxy resins have high modulus, excellent thermal performance and 
chemical resistance, Jin et al. (2011). Short carbon fibers have high length to radius ratio (L/D ratio), showing complex 
failure mechanisms, like fiber pullout, debonding and fiber breakage, Zhang et al. (2011). Literature reports the use of 
carbon fibers (CFs) as reinforcement for high the performance of reinforced composites using matrix thermoplastic, 
like polyamide, Botelho et al. (2003) and PPS, Jiang et al (2008). 

Short carbon fibers composites are easily manufactured by using conventional techniques, like extrusion 
compounding and injection moldingor the compression moulding, which is an inexpensive process. Factors like fiber 
dispersion, fiber length and volume fractions play important role to enhance the mechanical properties of short fiber 
polymer composites. Shao Fu and Lauke (1996) predicted analytically the effect of fiber length on the tensile strength 
of short fiber reinforced polymers showed significant increasing of the strength with the increase of the mean fiber 
length. Literature reports the increasing of composite mechanical performance with increasing fiber content for low 
and medium dosage. However, for high dosage fiber dispersion and disorder is quite difficult becoming poor fiber 
enhancement and complex failure mechanisms, which need better understanding. In that case, the improvement of the 
composites performance depends of its capacity to obtain good fiber dispersion. 

Tiesong Lin et al. (2008), studied the effects of fiber length on mechanical properties and fracture behavior of short 
carbon fiber reinforced geopolymer matrix composites, and obtained important gains on flexural strength, which 
reached the maximum values for the fibber length of 7 mm.  F. Rezaei et al. (2009), used DMA to measure the damping 
properties of short carbon fiber reinforced polypropylene composites, and shown that an increase in fiber length can 
enhance the thermal stability and improve the damping properties as well.  

Current investigation intends to study the effect of the fiber length on mechanical and thermos-mechanical 
properties of short carbon fibers composites, using 2, 4 and 6 mm fibers length to reinforce an epoxy resin matrix. 
Mechanical properties were obtained by conventional tensile tests and dynamic mechanical analysis (DMA). DMA 
was used to determine the viscoelastic properties of the composites. 

 

2. Materials and testing procedure 

The composite plates were manufactured using short carbon fibers reinforcements (2, 4 and 6 mm in length) with 
60% mass fraction. The matrix was the Biresin®CR120 resin, formulated by bisphenol A - epichlorhydrin epoxy  resin 
1,4 - bis  (2,3-epoxypropoxy) butane, combined  with  the hardener CH120-3, both supplied by Sika, Stuttgart, 
Germany. The short carbon fibers were supplied by the company, Sigrafil, SGL Group, Germany. 

Carbon fibers were dispersed in closed erlenmeyer adding 150 ml of dichloromethane solvent to 1 g of fibers. 
Therefore, the mixture was immersed in an ultrasonic bath for 7 min, which globally improve the dispersion of the 
fibers. Afterwards, it was filtered through a qualitative filter 202 moderate speed, Ø90mm and the solvents were 
recovered. Finally, the mixture was subjected to a process of evaporation for about 40 hours at room temperature. Fig. 
1 shows de aspect of the mixture after evaporation. 

The composites were processed by compression using a metal mold specially manufactured for this study. The resin 
was previously prepared and placed under vacuum. Then it was added a desired amount of short carbon fibers. 
Afterwards, the materials were mixed slowly, and the mixture were placed in the mold cavity. A compression force of 
1500 kg was applied (as shown in Fig. 2), which corresponds to a pressure processing of about 60 MPa. The produced 
plates were then subject to a cure and post cure processes. The cure was at room temperature for 8 hours in the mold, 
and the post cure was carried out as follows: 55 ºC for 16 hours, 75 ºC for 3 hours and finally 120 ºC for 12 hours. 
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