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ABSTRACT 
Withstanding of air turbine rotor blades for the elongations is a major consideration in their design because they are subjected to 
high tangential, axial, centrifugal forces during their working conditions. Several methods have been suggested for the better 
enhancement of the mechanical properties of blades to withstand these extreme conditions. This project summarizes the design and 
analysis of Air turbine rotor blade, on which CATIA V5 is used for deign of solid model of the turbine blade with the help of the spline 
and extrude options ANSYS 14.0 software is used analysis of F.E. model generated by meshing of the blade using the solid brick 
element present in the ANSYS software itself and thereby applying the boundary condition. This project specifies how the program 
makes effective use of the ANSYS pre-processor to analyse the complex turbine blade geometries and apply boundary conditions to 
examine structural performance of the blade for N 155,   Inconel 625 and Titanium Alloy Ti-4Al-4V   materials. Finally stating the 
best suited material among the four from the report generated after analysis. From this the results are stated and reported 
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INTRODUCTION 

 

The Air turbine obtains its power by utilizing the energy of the compressed air which is at high pressure by 

expanding through the several rings of moving blades, to get a high pressure of order of 10 bar of working air 

medium which is essential for expansion a compressor is required. At the same time blade can rotate 50000 rpm. 

The quantity of Compressed air and speed required are more, so generally a centrifugal or axial compressor is 

required. The turbine drive the compressor so it is coupled to the turbine shaft, If after compression the working 

air medium were to be expanded in a turbine, then assuming that there were no losses in either component, the 

power developed by the turbine can be increased by increasing the volume of working air medium at constant 

pressure or alternatively increasing the pressure, the speed of the rotor will be under control.   

The present paper deals with the stresses that act on the blade due to high angular speeds of 50000 rpm. The 

analysis of turbine blade mainly consists of Structural analysis. The analysis is carried out under steady state 

conditions using Ansys software. The study has been conducted with four different materials N155,  Inconel 625 

& Titanium 6242 (Ti-4Al-4V)  materials. 
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1. Literature Survey: 

In the choices, air turbine ranks top for high speed light load application, particularly for prototype testing 

where simple and cheap cost overtake efficiency. Prototype development of air foil bearing       

[1, 2], high speed light weight alternator [2], spin test rigs for rotor [3] all make uses air turbine drives. 

Further, the exhaust of the air turbine enable simply let into ambient room environments without any concern.   

All major industries and R & D institutes and firms invariably have a network of compressed air lines in 

parallel to the electric power and water line in entire layout. Therefore, the readily available compressed air 

enables air drive as cheap sources of drive system. [4] studied on The first stage rotor blade of a two stage gas 

turbine has been analysed for structural, modal analysis using ANSYS 11.0 which is a powerful Finite Element 

Method software. The Stress distribution in the rotor blade has been evaluated using this software. The design 

features of the turbine segment of the turbine have been taken from the preliminary design of a power turbine 

for maximization of an existing turbo jet engine. it has been felt that a detail study can be carried out on the clear 

understanding of the stresses. [5] the purpose of turbine technology is to extract, maximum quantity of energy 

from the working medium to convert it into useful work with maximum efficiency. That means, the turbine 

having maximum reliability, minimum cost, minimum supervision and minimum starting time. [6] studied on 

the design and analysis of turbine blade, CATIA is used for design of solid model and ANSYS software for 

analysis for F.E.model generated, by applying boundary condition, this paper also includes specific post-

processing and life assessment of blade. How the program makes effective use of the ANSYS pre-processor to 

mesh complex turbine blade geometries and apply boundary conditions. And to demonstrate the pre-processing 

capabilities, static and dynamic stress analysis results. 

 

2. Computer Aided Analysis of Air Turbine Rotor Blade: 

The model is created and analyzed using CATIA and ANSYS. For Low, Medium and High mesh 

generation and node selection is used. The structural modal modules of ANSYS 14.0 are used for the analysis of 

the rotor blade. The rotor blade was analyzed for mechanical stress distribution of Radial, axial, Hoop & Von 

misses. 

The blade is then analyzed sequentially with structural analysis. The model is discretised using  

Element Type: Solid187 

Mesh Type: Solid Mesh 

Mesh Density: High 

Total no: of elements: 189714 

 

3. Nomenclature: 

E-Young’s Modulus, ω-Angular velocity, m-Blade mass, d-Bore diameter, D-Disc Diameter,  

N-Speed of Turbine in RPM, T -Disc thickness, R -Mean radius of blade 

 

3.1 Details of Turbine blade: 

D=70 mm, N=50000 Rpm, T=18mm, d=15mm 

Tip to Tip Diameter: 100mm, No. of Blade: 27, Disc Diameter: 70 mm, Bore Diameter: 15 mm, Disc 

Thickness: 18mm 

The blade loads applied on the rim of the disc are calculated below:  

27 Blade mass              = 0.117 kg 

Speed, N   = 50 000 RPM 

Angular Velocity, ω = 

2 2 50000

60 60

N  


 

   = 5236 rad/s  

Total number of blades, n = 27 

Mean radius of blade, r = 42.5 mm 

Centrifugal load of blades = mrω2 

   = 0.117 x 0.0425 x (5236.0)2 

   = 130.0kN 

 
Table 1: Mechanical properties of N155, Inconel 625 & Titanium Alloy 

Material 
Tensile Strength, 
MPa 

Density 
kg/m3 

Young’s Modulus 
Mpa 

Poisson's ratio 

Yield 

Strength 

Mpa 

N155 689 8249 143 E03 0.344 550 

Inconel 625 910 8440 150 E03 0.331 1030 

Ti-4Al-4V 940 4540 114 E03 0.32 860 
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RESULTS AND DISCUSSIONS 

 

 
Fig. 1: 3D  ( 1/27th )Sector of the Air Turbine Rotor 

 

 
Fig. 2: 3D Sector made up of several areas 

 

 
 

Fig. 3: 3D Mesh of Sector Model 
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For Titanium Alloy: 

 

 
Fig. 4:Von-Mises Stress distribution of the sector model (Pa) 

 
Fig. 5: The total vector sum of Displacement of the sector model (mm) 

 

For N155: 

 
Fig. 6: Von-Mises Stress distribution of the sector model (Pa) 
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Fig. 7: The total vector sum of Displacement of the sector model (mm) 

 

For INCONEL 625 ALLOY: 

 

 
Fig. 8: Von-Mises Stress distribution of the sector model (Pa) 

 

 
Fig. 9: The total vector sum of Displacement of the sector model (mm) 
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From the post processing, the Stress variation obtained as shown above in fig. From figure, it is observed 

throughout the blade and the variation is linear along the path from both inside and outside of the blade. 
 

Table 2: Convergence of Solution (Stress) with Materials 

Material 

Type 

von Mises Stress 

(N/mm2) 

Diplacement 

(mm) 

N155 412.759 0.881842 

INCONEL625 910.375 1.742 

Ti-4Al-4V 220.393 0.037978 

 

 
 

Conclusion: 

The finite element analysis for structural anaysis of air turbine rotor blade is carried out using solid 187 

element. Maximum stresses and strains are observed at the turbine blade and upper surface along the blade roots 

three different materials of construction i.e., N-155,Inconel 625 & Titanium materials. It is found that the overall 

stresses induced in the turbine blades. The blade stresses induced are lesser for Titanium (Ti-4Al-4V) as it has 

better properties. 
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