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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

Brittle fracture in carbon steel affects serious impact for the safety of fracture of in steel. Especially, the arresting technology 
of crack propagation is the last stand for the structure. It is so important issue that the conditions which can be stopped reliably 
crack propagation should be clarified thoroughly. On the background of such social importance, lots of experimental and 
theoretical researches have been conducted from both mechanical and microstructural viewpoints.

Though it has been reported that the limit speed of brittle crack propagation is the Rayleigh wave speed and the speed is about 
2,900 m/s in steels, the real speed of brittle crack propagation in steels is about 1,000 m/s and lower. The reason for that is 
considered braking effects with crack propagation, for example unevenness in the facet, tear ridge, microcrack, twin deformation 
and side ligament, namely the elements that dominate the arresting toughness.

In this study, the 3% silicon steel where microstructure is ferrite single phase and its grain size is 4-5mm of very large is used.
It is assumed that the brittle crack propagation speed in single crystal grain is very fast because there is no need to consider tear 
ridge between crystal grains. In this experiment, it is succeeded in shooting of brittle fracture of steel by high speed camera. As a 
result of that, it was revealed that the brittle crack propagation rate of 3% silicon steel is much lower than ordinary carbon steel. 
Also, twin deformation and unevenness in the facet are observed by scanning electron microscope (SEM).
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1. Introduction

In the previous study, the formula (1) and (2) shows propagation speed of the longitudinal wave and the transverse 
wave in the two dimensional infinite flat plate considering that E is changed by the stress state. Also, Rayleigh wave 
is related to the transverse wave and is shown the formula (3) [Broberg et al(1999)]. Rayleigh wave is surface wave 
and the wave transmitting along the interface between different media. It is well known that the speed of Rayleigh 
wave is about 2,900 m/s in steels. In addition, it is said that saturation speed of brittle crack propagation is nearly the 
speed of Rayleigh wave when crack proceeds in only stress domination [Eshelby et al(1949)]. However, the real 
speed of brittle crack propagation of steels is about 1,000 m/s and very slow. Correspondingly, it is reported that the 
experimental value of brittle crack propagation speed is 0.3 and 0.6 times the speed of Rayleigh wave in tungsten
single crystal [Hull et al(1966)] which has BCC structure as well as α-iron. The reason for that is considered braking 
effects with crack propagation, for example unevenness in the facet, tear ridge, microcrack, twin deformation and 
side ligament, namely the elements that dominate the arresting toughness. In relation to unevenness in the facet, it is 
said that the phenomenon in glass and resin fibers, called Mirror-Mist-Hackle, is self-suppression mechanism that 
irregularity of fracture surface is severe so that crack propagation rate is not too high. As crack proceeds, the crack 
increases the branching and the crack propagation speed approaches the upper limit speed [Zhang et al(2006)]
[Yoffé et al(1948)]. 
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Nomenclature

ρ            density
E            Young’s modulus
ν             Poisson’s ratio
Cp          propagation speed of longitudinal wave
Cs          propagation speed of transverse wave
Cr Rayleigh wave speed

Observation of high speed crack propagation with high speed camera has been conducted much on resin materials. 
It is because the crack propagation speed is relatively small and the degree of difficulty of shooting is low in resin 
materials [Ravi-chandar et al(1984)]. However, example that Steel of large propagation speed was observed directly 
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with high speed camera is very rare, probably there is no example in the past. In this experiment, it is succeeded in 
shooting of brittle fracture of steel using high speed camera by creating an easily observed test material.

2. Material and basic mechanical properties

The chemical composition of tested material mass is shown in Table 1. This test material includes silicon 3% and 
aluminum 2%. This is referred to as “3% silicon steel”. One test material was rolled to 16 mm thick and added to the 
normalizing heat treatment at 1,073 K, it is referred to as “2A1”. Another test material was rolled to 16 mm thick 
and added to the normalizing heat treatment at 1,573, it is referred to as “2A2”. Fig. 1 is the microstructure of two
test materials, the left photo is 2Al and the right one is 2A2. 2A1 has fine grain whose grain size is about 100 – 300 
μm. On the other hand, 2A2 has coarse grain whose grain size is about 4,000 – 5,000 μm.

Table 1 Chemical composition of tested material [mass%]
Steel C Si Mn P S Al N O

3%Si steel 0.001 3.02 0.011 <0.002 0.0004 1.88 0.0017 <0.001

Fig. 1 Microstructure of test materials (left : “2A1”, right : “2A2”)

The tensile test and Charpy impact test were conducted in order to investigate the basic material properties of 
2A1 and 2A2. Table 2 shows the result of the tensile test of the test specimen with 12.5 mmΦ diameter and gage 
length is set to be 50 mm. Table 3 shows the result of Charpy impact test in 3% silicon steel. It is shown in Table 3
that the value of vTrs is 425 K in 2A1 and 424 K in 2A2. The vTrs is brittle-ductile transition temperature, namely 
the temperature at the time that brittle fracture and ductile fracture are respectively 50%. In other words, it is shown 
that brittle fracture occurs easily at room temperature in the test material of 3% silicon steel. Generally speaking, in
experiments at low temperature, surface of specimen is hard to observe due to vapor of liquid nitrogen for cooling. 
Therefore, the experiment of high speed camera is very difficult at low temperature. However, by using 3% silicon 
steel where brittle fracture easily occurs at room temperature. Also, it is assumed that the difference of propagation 
aspects between in crystal grain and at crystal grain boundary was observed by using the coarse grain.

Table 2 Mechanical properties of 2A1 and 2A2

Mark Heat treatment(K) Yield 
stress(N/mm2) 

Tensile 
strength(N/mm2) Elongation(%) Uniform 

elongation(%) 
2A1 1.073 normalizing 502 606 7.0 6.2 

2A2 1,573 normalizing 457 529 6.9 6.1 

Round-bar, dia. 12.5mm, G.L.=50mm 
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