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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 present work focuses on the applicability of the mandrel peel test to quantify the fracture toughness of woven fabric 
Carbon/PEEK composites. For this purpose, the mandrel peel test was compared to the standardized DCB test. Unstable crack 
propagation (stick-slip) was observed in both testing techniques. Nevertheless, each time unstable crack propagation occurs it is 
arrested by the mandrel. As a result more crack re-initiations were observed per unit crack length. This effect is expected to 
increase the statistical relevance of a single test and thereby increases the reliability of the test. As an additional advantage the 
mandrel peel test is very easy to perform compared to the DCB test. The crosshead speed and the peel arm width were varied in 
this study to obtain the influence of these variables on the test results. Fractographic investigations were performed to study the 
nature of the crack propagation for the two different testing techniques. 
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1. Introduction  

Well-accepted test methods are available to characterize the static interlaminar fracture toughness of Uni-
Directional (UD) composite materials. The most frequently applied methods are the double cantilever beam (DCB) 
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test for mode I, and the end-loaded split (ELS) beam test for mode II crack propagation. Both tests are illustrated in 
Figure 1. The existence of ISO (ISO 15024, and ISO 15114) and ASTM (ASTM D 5528, ASTM D 7905) standards 
for both methods illustrates their maturity. The reliability of these test methods is partially due to the stable crack 
propagation that most UD reinforced materials show during testing. When these methods are applied to woven 
fabric reinforced composites the crack propagation observed is however unstable [De Baere et al. (2012), Alif et al. , 
(1998), Gill et al. (2009) ]. This is particularly true for highly tough thermoplastic composites. The unstable crack 
propagation (stick-slip) that is frequently observed in DCB tests for the woven material yields few GIC values. 
Therefore, GIC-propagation values for UD specimens are statistically more reliable than GIC-unstable propagation 
value for woven specimens [Compston et al. (1998)]. Moreover, the unstable crack propagation makes the 
interpretation of the test results rather difficult and the comparison with unidirectional questionable. 

A lot of effort has been spent in understanding the mechanism behind the stick-slip phenomenon [Webb e al. 
(1997), Webb et al. (1998), Maugis et al. (1988), Ciccottia et al. (1998), Kinloch et al. (1998)]. The resistance to 
crack growth is assumed to be a function of the crack tip velocity. Stick-slip fracture has been associated with 
unstable and non-monotonic crack growth resistance, especially in the regions of negative slope in the crack growth 
resistance vs. curvature or crack speed curve. This leads to a condition where steady continuous crack growth cannot 
be realized. When the unstable crack starts to propagate (crack tip velocity increases), it reduces the resistance thus 
increases the crack speed [Webb e al. (1997), Webb et al. (1998), Maugis et al. (1988)].  

The stick-slip behaviour has been treated in different researches such as in Webb e al. (1997), Webb et al. (1998), 
Maugis et al. (1988), Ciccottia et al. (1998), Kinloch et al. (1998). The determination of the mode-I adhesive 
fracture energy of structural adhesive joints using double cantilever beam and tapered double cantilever beam 
specimens is discussed in the ISO 25217 standard. The standard proposes that the GIC values of initiation, 
propagation and arrest has to be averaged separately.  
 

   

MODE I –DCB MODE II – ELS Mixed mode – mandrel peel 

Figure 1: DCB, ELS, and mandrel peel test scheme  

The mandrel peel test, as shown in the right illustration in Figure 1, may be a suitable alternative to DCB test for 
woven fabric reinforced composites. The test is an adaptation of the 90° peel test and was first proposed by 
Kawashita et al. (2004) to measure the fracture toughness of a metal-epoxy-metal peel specimen. It involves the use 
of a mandrel to control the bending stresses in the peel arm. The previous works in [Kok et al. (2015), Su et al. 
(2016), Grouve et al. (2013)] showed that this test was able to characterize the fracture toughness of UD-UD, UD-
woven and UD-metal combinations.  

The observed stick-slip behavior and the tedious test procedure make the DCB test unattractive for woven fabric 
reinforced composites. As an alternative, the present work focuses on the applicability of the mandrel peel test to 
quantify the fracture toughness of woven fabric Carbon/PEEK composites. For this purpose, the mandrel peel test 
was compared to the DCB test. The crosshead speed and the tape width were varied in this study to study the 
influence of these variables on the test results. Fractographic investigations were performed to study the nature of 
the crack propagation with the different testing techniques. 
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