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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 

There are many studies on the involute profile symmetric gears in the literature. In many studies done, the critic tooth root stress 
was emphasized. Studies have been carried out on the calculations of tooth root stress and these studies have been tried to be verified 
by using the finite element method. Although there are different approaches to calculate the tooth root stress, the most widely used 
equations are those expressed in ISO and AGMA standards. 

The studies in the literature have mostly been carried out on the gears that have trochoid curve in the tooth root. In parallel with 
these studies, experimental studies were done to determine the fatigue life performance of these gears. 

 In this work, involute gears tooth root was manufactured using the circular fillet method which have better tooth root stress 
than trochoid according to static analyses in literature. Fatigue damage on symmetric gear tooth under cyclic loading and effect of 
material hardness on fatigue life of gear tooth were investigated. 

Fatigue tests were performed with specially designed single-tooth bending fatigue test (STBFT) apparatus. The results obtained 
from fatigue tests at low cycles and high cycles were evaluated comparatively. 
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1. Introduction 

Symmetric gears are usually manufactured with a 20° pressure angle. According to needs they can be designed with 
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different pressure angles as 14,5°, 25° etc. While at the small pressure angles strength of gear tooth root decreases, the 
contact ratio and the tooth tip thickness decrease as the pressure angle increases. To improve gear tooth root strength, 
there are a few methods like profile modification, change of cutting tool radius, using circular fillet in tooth root. 

In this work, we have designed and manufactured symmetric involute spur gears with a 20° pressure angle. Circular 
fillet method was used in the forming of tooth root curve. It is known that the curve obtained by the circular fillet 
method in the tooth root increases the tooth thickness in critical section of tooth. Spitas et al (2005, 2007) and 
Kapelevich (2016) showed that the curve obtained by the circular fillet method in the tooth root increases some the 
tooth thickness in critical section of tooth root according to trochoid curve. 

 

 

Figure 1. Generation of root curve by circular fillet method (a), comparison of circular fillet curve with trochoid curve (b) Spitas et al (2005, 2007) 

 
Nomenclature 

b Face width (mm) 
m Module (mm) 
sF  Critical tooth thickness (mm) 
hF Bending moment arm (mm) 
σF0 Stress of the critical point at the tooth root (MPa) 
ρF Tooth root radius (mm) 
αL Load angle (°) 
αn Pressure angle (°) 

2. Experimental method 

2.1. Fatigue Test Equipment 

As improved version of patent application design by Demet et al. (2015), the testing apparatus developed to do 
single-tooth bending fatigue test gears is shown in Figure 2. The gear tooth is subjected to a variable loads and 
undergoes tooth damage due to fatigue in progressive cycles.  

The portion of the load application part that is in contact with the tooth has an involute profile and the same pressure 
angle with the test tooth.  

The test gears that were made of AISI 4140 have a pressure angle of 20°, 3mm module and 24 teeth. In the single-
tooth bending fatigue tests adjacent tooth are not tested.  This prevent the test results to be affected from deformations 
that can occur in next tooth. In this study, one of the three tooth was identified as test tooth. The manufactured gears were 
heat treated in two different hardness as 38 and 48 HRC. According to the coordinate measuring method gears have 7 
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different pressure angles as 14,5°, 25° etc. While at the small pressure angles strength of gear tooth root decreases, the 
contact ratio and the tooth tip thickness decrease as the pressure angle increases. To improve gear tooth root strength, 
there are a few methods like profile modification, change of cutting tool radius, using circular fillet in tooth root. 

In this work, we have designed and manufactured symmetric involute spur gears with a 20° pressure angle. Circular 
fillet method was used in the forming of tooth root curve. It is known that the curve obtained by the circular fillet 
method in the tooth root increases the tooth thickness in critical section of tooth. Spitas et al (2005, 2007) and 
Kapelevich (2016) showed that the curve obtained by the circular fillet method in the tooth root increases some the 
tooth thickness in critical section of tooth root according to trochoid curve. 
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single-tooth bending fatigue test gears is shown in Figure 2. The gear tooth is subjected to a variable loads and 
undergoes tooth damage due to fatigue in progressive cycles.  

The portion of the load application part that is in contact with the tooth has an involute profile and the same pressure 
angle with the test tooth.  

The test gears that were made of AISI 4140 have a pressure angle of 20°, 3mm module and 24 teeth. In the single-
tooth bending fatigue tests adjacent tooth are not tested.  This prevent the test results to be affected from deformations 
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quality numbers according to the DIN 3962. The tests were performed on the Instron fatigue tester through the apparatus 
shown in Figure 2. During the fatigue tests the stress ratio was applied as 0,1. Tests were performed at 50 Hz frequency. 

 
Figure 2. Gear test equipment. 

3. Equations 

Analysis of tooth root strength of symmetric gears is done by standard approaches such as ISO 6336, AGMA 908-
B89. The theoretical studies are compared with the FEM analyses and interpretations are made on the accordance of 
the results. To analyse the tooth root stress in test gear, we referred to the ISO 6336.  
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During the test, the loads were applied from the high point of single tooth contact. This is the point where the load 

has the greatest effect on the tooth with normal contact ratio. 

4. Results 

The single tooth bending fatigue test results of the symmetric gears tested are given in Figure 3. According to the 
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results obtained, gears with 48 HRC hardness have lower fatigue strength than gears with 38 HRC hardness. This can 
be explained by the change of tensile residual stress on the surface after the heat treatment process. According to 
Subaşı et al. (2011), with the hardness increases, the tensile residual stress on the surface increase. This situation 
reduces the strength of the surface and worsens the fatigue performance under variable loading. 

 
 Figure 3. Single tooth bending fatigue test results of test gears 

In single-tooth bending fatigue tests, fracture is expected in gear tooth from the tooth root in progressive cycles 
depending on the load. Because there is no wear or friction in single-tooth fatigue test. Two type of damages were 
encountered on the tooth and these are explained as follows: 

1. In the gear tooth with 48 HRC hardness, due to high residual tensile stresses on the tooth root, cracks and 
breakage due to fatigue on the root occurred under variable loading at low cycles. 

2. In the tooth with 38 HRC hardness, the residual tensile stresses on the root are somewhat lower, so fatigue 
life of these gear tooth damaged at the longer cycle than gear tooth with 48 HRC hardness.  
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