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ABSTRACT 

Turbine blades are subjected to thermal and 

mechanical loads (CF, aerodynamic, contact) during the 

typical operation regimes of a gas turbine, such as 

baseload, part-load and low-load. The stress levels at the 

fillet between the blade airfoil and the inner and outer 

platform are very significant, as an optimized fillet area 

represents a compromise between aerodynamic 

performance, low local stress levels, and stable dynamic 

behavior. In this paper, the ANSYS software was 

applied to study the effects of different fillet geometries 

on the stress levels and the modal response of a turbine 

blade. The results provide some reference in the fillet 

design.  

INTRODUCTION 

Turbine blade fillets between blade airfoil and 

platform not only have a significant impact on the 

aerodynamic performance of the turbine, but also have 

a direct impact on turbine blade strength and service life. 

Wang et al.[1] analyzed the influence of the root fillet on 

the aerodynamic performance and vortex patterns of an 

axial turbine rotor by numerical simulation, and pointed 

out that the existence of the blade fillets may lead to a 

decrease of turbine efficiency. The larger the fillet 

radius, the greater the aerodynamic loss. Diao et al.[2] 

analyzed the fillet of steam turbine rotor blades. The 

results show that the increase of fillet radius may 

weaken the passage vortex while it causes more loss in 

the boundary layer. The effects of fillet radius on the 

flow near rotor leading edge demonstrates that larger 

fillet radius will suppress the horse-shoe vortex and an 

adequate fillet radius will reduce the secondary flow 

loss. Gao et al.[3]analyzed the influence of blade-root 

fillet on transonic rotor performance and considered the 

influence of manufacturing and aerodynamic 

performance. They proposed to determine the effect of 

fillet radius geometry by using two parameters of radius 

and minimum angle. Ji et al.
[4]

describe an advanced 

blading concept for highly loaded turbo machinery, 

named Blended Blade and EndWall(BBEW).It is 

proposed to systematically control corner separation 

and horse shoe vortex under the guidance of Rules of 

Dihedral. But this technology has not yet been widely 

used for gas turbines. 

At present, there are many researches focusing on 
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the influence of fillet on turbine aerodynamics, but few 

studies have reported the effects of the fillet radius on 

blade strength and the modal behavior. 

Abdurrachim
[5]

studied crack propagation at the fillet of 

the first stage of a 55 MW steam turbine during the 

operation. From a strength point of view, the larger the 

fillet, the less obvious the phenomenon of stress 

concentration. However, the lager the fillet radius, the 

greater the loss at the hub. Therefore, at the turbine 

design stage a fillet with the optimal radius should be 

used to ensure that blade fillet strength meets the 

requirement of safe operation and at the same time the 

fillet shape has only small impact on the smoothness of 

the aerodynamic flow and on the flow capacity.. In this 

paper, the ANSYS finite element software is used to 

analyze the fillet scheme of a gas turbine rotating blade. 

By analyzing the strength and modal characteristics, the 

method may provide some reference for the design of 

the fillet radius between the blade and the root platform 

of turbine blades. 

 

ANALYSIS PROCEDURE 

GEOMETRIC MODEL 

In this paper, between the airfoil and platform, a 

fillet radius of 15 mm (A-Type), 30 mm (B-Type) and a 

compound fillet 30 mm + 15 mm (C-Type) was 

designed for the turbine blade of a 50Hz, Class F gas 

turbine. Figure 1 shows the three types of fillet 

schematically. Figure 2 depict the different types of 

fillet radius.  

 

a. A-Type Fillet      b. B-Type Fillet    c. C-Type Fillet 

Figure 1. Three Types of Fillets 

 

a. A-Type Fillet 

 

b. B-Type Fillet 

 

c. C-Type Fillet 

Figure 2. Three Types of Fillet Model(suction surface partial 

enlargement) 

 

FINITE ELEMENT MODELING 

Strength Analysis 

For the stress and modal analysis, the Finite 

Element software package ANSYS was used to 

analyses three different fillet radii of a 50Hz F class gas 

turbine blade. The blade interior, due to cooling 

structures, is a hollow design which also reduces the 

weight and subsequently decreases the stress levels at 

the root. The turbine bladed disk is a cyclical 

symmetrical structure, for analysis in this study, 

however, just one section of the disk is selected for 

analysis. For the meshing of the blade and the disk, 

Solid186 and Solid187 elements are used. The total 

number of elements in the whole blade is around 0.7 

million which results in a total number of nodes of 1.5 

million. Details of the local mesh are shown in Figure 3 

below. The mesh density was significantly increased in 

the blade root to assure better accuracy of stress levels 

in this region. 

The blade material is a high temperature resistant 

nickel base alloy. The wheel material is a high alloyed 



 

steel for die forging. 

 

Figure 3. Mesh of the Type C fillet 

The model of the disk employs periodic symmetry 

conditions. The axial and circumferential constraints are 

applied on the upstream disk surface of the hirth. The 

surface of the blade fir tree teeth and the wheel grooves 

are in frictional contact.  

The temperature distribution at the blade is shown 

in Figure 4 and the pressure distribution is shown in 

Figure 5. 

 

Figure 4. Temperature Distribution 

 
    Figure 5.Pressure Distribution 

 

Modal Analysis 

 The centrifugal force due to turbine blade rotation 

causes tension in the root and is considered as a 

prestress in the modal analysis process. During the 

turbine operation, different parts of the components are 

in contact; this condition was simulated by using contact 

elements, specifically CONTACT174 and CONTACT170. 

The modal analysis process is shown in Figure 6 below. 

First of all, one need to carry out a non-linear static 

stress analysis considering root frictional contact to get 

the displacement of the bladed turbine disk under the 

baseload condition. Then a linear static stress analysis is 

carried out considering the prestress acquired above, so 

that the stiffness matrix is obtained, and the natural 

frequency and corresponding mode shape of the bladed 

turbine disk are obtained by using the Block Lanczos 

method
[6]

. 

 

Figure 6. Modal Analysis Process 

 

RESULTS 

Strength Analysis Results 

Through the finite element calculation, the impact 

of the fillet radii is shown in Fig. 7 to Fig.9. It can be 

seen that a fillet radius of R = 15 mm leads to a stress 

concentration which even exceeds the material’s 

allowable yield limit. For a fillet radius R = 30 mm, the 

stress level is significantly reduced. However, the 

bulging on the root platform, as can be observed in 

Fig.2.b, is a consequence of the relatively large radius 

which impacts adversely the aerodynamic performance 

of the blade. The compound fillet radius in type C, as 

shown in Figure 9, leads to a lower stress level than fillet 

radius scheme A but to a higher level than fillet radius 

scheme B. But for the type C, the stress at the fillet is 

lower than material’s allowable strength. 

 



 

Figure 7. Von Mises stress distribution around the fillet (Type A) 

 

Figure 8. Von Mises stress distribution around the fillet (Type B) 

 

Figure 9. Von Mises stress distribution around the fillet (Type C) 

 

Modal Analysis Results 

Because the low-order mode is closest to the (1st 

engine order) excitation force from the engine, it has the 

greatest influence on the vibration safety of the blade 

mechanical integrity and will therefore directly affect 

the dynamic performance of the blade structure. This 

paper will only analyze the influence of different fillet 

geometry on the natural frequency and mode shape of 

the first 6 modes. 

It can be seen in Table 1 that for the three different 

fillet shapes, the effect on the eigenfrequency is small 

almost negligible. Table 2 shows that the first 6 mode 

shapes of the blade with different fillet are the same to 

within 0.7%. For the type A and type B turbine blades, 

the mode shapes are identical to those of type C, so that 

only the latter are shown in Figure 10. It can be seen that 

the modal participation mass of those 6 modes is 

concentrated on the upper half of the blade body while 

the fillet between the blade body and the platform is not 

significantly involved in modal vibration shapes. That 

means the fillet geometric size and fillet mass change do 

not cause a large shift of the vibration modes and the 

natural frequencies, which also confirm the results in 

Table 1.  

Table 1 Natural Frequency for Three Types Fillet 

Mode A-TYPE  

   Natural 

Frequency 

 /Hz 

B-TYPE 

Natural 

Frequency 

/Hz 

C-TYPE 

Natural 

Frequency 

/Hz 

1 140.8 141.1 141.0 

2 317.3 317.6 317.5 

3 482.1 484.8 483.7 

4 542.9 546.8 545.1 

5 653.2 653.9 653.4 

6 868.6 869.6 869.1 

Table 2 Mode Shape Diagram for Three Types Fillet 

Mode A-TYPE B-TYPE C-TYPE 

1 1st tangential 

bending 

1st tangential 

bending 

1sttangential 

bending 

2 1st axial 

bending 

1st axial 

bending 

1st axial 

bending 

3 Compound 

vibration mode 

Compound 

vibration mode 

Compound 

vibration mode 

4 1st twist 1st twist 1st twist 

5 2nd bending 2nd bending 2nd bending 

6 Compound 

vibration mode 

Compound 

vibration mode 

Compound 

vibration mode 

 

 

a. mode 1         b. mode 2         c. mode 3 

 



 

 

d. mode 4         e. mode 5         f. mode 6 

Figure 10. First 6 Modes of Vibration  

In the design process, The design of fillet shape 

and radius between the blade and the platform must take 

into account its impact on the aerodynamic performance 

and also its impact on the mechanical integrity. In heavy 

duty gas turbine industry, from the classical 

aerodynamic point of view the design of the fillet radius 

is to minimize the impact on the smoothness of the main 

stream air flow and also the impact on the turbine flow 

capacity area. It means the fillet radius should be not too 

big, because an oversized fillet radius will take too 

much of the through-flow area thus affecting the 

capacity of the turbine, and an oversized fillet radius 

causes the end wall to bulge in the axial and 

circumferential direction that affects the turbine's 

aerodynamics efficiency as the fillet scheme B. From 

the perspective of strength design, the larger the radius 

of the fillet radius, the less obvious the stress 

concentration phenomenon will be. For the present 

turbine blade, compound fillet scheme C is 

recommended in this paper, considering both 

aerodynamic integrity and structural integrity.  

 

CONCLUSION 

In this paper, the ANSYS finite element software 

is used to study the impact of the fillet radius between 

the airfoil and the root platform of a gas turbine blade 

on strength and modal analysis. The strength and mode 

shapes of three different fillet shapes were analyzed in 

terms of stress levels and modal behavior. The following 

conclusions were drawn: 

1) When designing the fillet of the blade between 

the airfoil and the root platform, both aerodynamic 

performance and mechanical integrity should be 

considered. 

2) From a structural point of view, the larger the 

fillet, the smaller the stress. From the aerodynamic point 

of view, the fillet with the large radius will affect the 

integrity of the end wall and further affect the 

aerodynamic performance of the turbine. Therefore, a 

smaller fillet combined with a larger fillet can not only 

ensure the strength to meet the requirements of safe 

operation, but also ensure the integrity of the 

aerodynamics.  

3) The variation in fillet radius has almost 

negligible effect on the natural frequency and mode 

shape of the blade. 
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