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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 

Three kinds of brittle material – gabbro-diabase, gray iron of two modifications and fused quartz – have been tested under 
uniaxial strain conditions of shock loading. The local probing of the free surface of targets by using interferometric technique 
allows to determining the criterion for initial stage of brittle damage in the form of threshold value of local stress. This stress 
corresponds to appearance of horizontal step at the front of compressive pulse which evidences the nucleation of local source of 
damage. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of ECF21. 
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1. Introduction 
 

The initial dynamic fracture is an important stage of deformation process which defines the macroscopic strength 
of material. Nucleation and development of initial sources of damage is closely associated with the structural 
instabilities of dynamic deformation process. In their scale, the structural instabilities belong to mesoscale, which 
supposes that experimental study of response of material on shock loading should be carried out at the mesoscale as 
well. In the present work, the results of studying the dynamic fracture of brittle materials, namely, gabbro-diabase, 
gray iron and fused quartz are presented. The goal of research was a determination of the criterions for nucleation of 
localized structural instabilities as sources of initial stage of dynamic fracture of brittle materials. 
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2. Experimental technique and results 
 
Shock tests of specimens were carried out under uniaxial strain conditions (plane collision) by using light gas 

gun of 37 mm bore diameter, (Meshcheryakov and Divakov, 1994). The time resolved free surface velocity profiles 
were registered with the velocity interferometer, the laser beam of which was focused on the free surface of target 
up to 60-70 μm, so all strength characteristics inferred from the velocity profile concerns to mesoscale. In a 
heterogeneous material, the shock front has a complex space-velocity configuration which reflects a hierarchy of 
scales. In Fig.1 the qualitative picture of shock-wave front consisting of two scale levels - mesoscale-1(0.1-10 μm) 
and мезоscale-2 (50-500 μm) - is shown. In our experiments, the registered time-resolved velocity profile 
corresponds to response of single structural element of mesoscale-2. At the same time, the laser spot at the free 
surface of target contains about hundred structural elements of mesoscale-1 which velocities are chaotically 
distributed. 

 

 
Fig.1. Qualitative picture of structured shock front. 

 

 
 

Fig.2. Free surface velocity profile for gabbro-diabase target loaded at the impact velocity of 37.2 m/s 
 

2.1. Gabbro-diabase  
 
Gabbro-diabase under investigation has the following characteristics: density ρ = 3.05 g/сm3 and sound velocity 

Cl = 6.25· 105 cm/s. The specimens for shock tests were in the form of parallelepiped of 52 mm in size and 12.2 mm 
in thick. They were polished and covered with aluminum layer of 25 μm, which provides a mirror reflection of laser 
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beam of interferometer from the free surface of target. Results of shock test for gabbro-diabase is provided in Table 
1, Fig. 3 and Fig. 4. 

 
Table 1. Results of shock test for gabbro-diabase 

Sample ht, mm himp , mm Uimp , m/s U’imp , m/s Dmax , m/s Uinst , m/s W, m/s t, ns 
1 12.12 2.93 38.8 37.2 6.7 - 11.1 35 
2 11.97 2.91 95.8 92.0 9.2 67 - 50 
3 12.25 2.93 122.4 117.5 10.4 74.7 - 40 
4 12.15 2.93 131 126 10.6 73.3 - 35 

 
The thicknesses of target and impactor are in the second and third columns of table, respectively. Fourth and 

fifth columns provide the velocities of impactor. Two values of impact velocity are indicated – the first one 
corresponds to velocity of real impactor used in experiment (column 4), the second value (fifth column) was 
calculated for the case if the collision would be symmetrical (when materials of target and impactor are identical). In 
the sixth column the value of the velocity variance is given. The thresholds of instability of material under shock 
compression are provided in the seventh and eight columns, the ninth column contains the spall strength as a 
difference between maximum particle velocity at the plateau of compressive pulse and its value in the first minimum 
at the back front. Lastly, in tenth column the time of development of local damage is presented.  

 

 
 

Fig. 3. Free surface velocity profile for gabbro-diabase at the impact velocities of 117.5 m/s,  
 
Consider in detail the structure of shock front for gabbro-diabase. The free surface velocity and velocity variance 

temporal profiles registered at the impact velocity of 37.2 m/s are presented in Fig. 2. It is seen that behavior of 
velocity variance and mean particle velocity for this material turns out to be mutual correlated. The shock front 
transits into plateau of compressive pulse just at the moment when the velocity variance becomes zero. As the 
velocity pulsations reflect the relaxation of internal stresses at the mesoscale-1, the zero value of velocity variance 
means that material exhausted the relaxation abilities at the mesoscale-1 and swinging of large-scale pulsations at 
the mesoscale-2 begins. The mesoscale-2 pulsations are seen in the form of velocity oscillations at the plateau of 
compressive pulse. Note that transition from the shock front to plateau happens gradually for the time interval of Δt. 
For gabbro-diabase the time interval for development of localized fracture approximately equals 40 ns.  

Much more complicated structure of the shock front is shown in Fig. 3 where the free surface velocity profile for 
impact velocity of 117.5 m/s is presented. The shock front has a step EF at the velocity of 74. 7 m/s, which means 
that  the irreversible displacement of structural elements of mesoscale-2 occurs. It may be considered as the 
beginning of local fracture of the material. In Fig. 3 a dependence of velocity variance on time at the mesoscale-1 is 
also presented. The velocity variance is seen to be maximum in the middle of the first piece OE and decreases to 
zero to the beginning of the step. The velocity variance characterizes the relaxation properties of medium at the 
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