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ABSTRACT 
This project summarizes the design and analysis of Gas 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 project also includes specific post-

processing and life assessment of blade. How the program makes effective use of the ANSYS preprocessor to mesh complex 

turbine blade geometries and apply boundary conditions. Here under we presented how Designing of a turbine blade is done 

in CATIA with the help of co-ordinate generated on CMM. And to demonstrate the pre-processing capabilities, static and 

dynamic stress analyses results, generation of Campbell and Interference diagrams and life assessment. The principal aim of 

this project is to get the natural frequencies and mode shape of the turbine blade. 

1.0 INTRODUCTION 

A turbine blade is the individual component which 

makes up the turbine section of a gas turbine. The 

blades are responsible for extracting energy from the 

high temperature, high pressure gas produced by 

the combustor. The turbine blades are often the 

limiting component of gas turbines. To survive in this 

difficult environment, turbine blades often use exotic 

materials like super alloys and many different 

methods of cooling, such as internal air channels, 

boundary layer cooling, and thermal barrier coatings. 

In a gas turbine engine, a single turbine section is 

made up of a disk or hub that holds many turbine 

blades. That turbine section is connected to a 

compressor section via a shaft (or "spool"), and that 

compressor section can either be axial or centrifugal. 

Air is compressed, raising the pressure and 

temperature, through the compressor stages of the 

engine. The pressure and temperature are then greatly 

increased by combustion of fuel inside the 

combustor, which sits between the compressor stages 

and the turbine stages. The high temperature and high 

pressure exhaust gases then pass through the turbine 

stages. The turbine stages extract energy from this 

flow, lowering the pressure and temperature of the 

air, and transfer the kinetic energy to the compressor 

stages along the spool. This is process is very similar 

to how an axial compressor works, only in reverse.  

The number of turbine stages varies in different types 

of engines, with high bypass ratio engines tending to 

have the most turbine stages. The number of turbine 

stages can have a great effect on how the turbine 

blades are designed for each stage. Many gas turbine 

engines are twin spool designs, meaning that there is 

a high pressure spool and a low pressure spool. Other 

gas turbines used three spools, adding an 

intermediate pressure spool between the high and low 

pressure spool. The high pressure turbine is exposed 

to the hottest, highest pressure, air, and the low 

pressure turbine is subjected to cooler, lower pressure 

air. That difference in conditions leads the design of 

high pressure and low pressure turbine blades to be 

significantly different in material and cooling choices 

even though the aerodynamic  and thermodynamic  

principles are the same. 

The length of a blade depends on the style (impulse 

or reaction), the overall size of the turbine, whether it 

is an axial flow or radial flow turbine, and where the 

blade is located within turbine of an axial flow 

turbine. One thing that is constant: the length of the 

blade increases from the steam or gas inlet to the 

discharge of the unit. The profile will gradually 

increase in diameter from inlet to discharge. 

The fans Blade Pass Frequency noise level intensity 

vary with the number of blades and the rotation speed  

Example - Blade Pass Frequency of Fan 

If a fan with 10 blades rotates with 2400 rpm - the 

Blade Pass Frequency - BPF - can be calculated like 

BPF = (2400 rotations/minute) (10 no/rotation) / (60 

s/minute)   = 400 Hz 

Note that the energy in the sound may be very high 

and annoying for the surroundings, especially with 

fans with few blades. Be aware that the Blade Pass 

Frequency is not visible in charts common for fans 

where sound in general is documented in octaves.  

 
Figure.1 

 
Figure.2 

 
Figure.3 

1.1 Environment and failure modes 

Turbine blades are subjected to very strenuous 

environments inside a gas turbine. They face high 

temperatures, high stresses, and a potentially high 
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vibration environment. All three of these factors can 

lead to blade failures, which can destroy the engine, 

and turbine blades are carefully designed to resist 

those conditions.  

Turbine blades are subjected to stress 

from centrifugal force (turbine stages can rotate at 

tens of thousands of revolutions per minute (RPM)) 

and fluid forces that can cause fracture, yielding, or 

creep failures. Additionally, the first stage (the stage 

directly following the combustor) of a modern 

turbine faces temperatures around 2,500°F 

(1,370 °C), up from temperatures around 

1,500°F (820 °C) in early gas turbines. Modern 

military jet engines, like the Snecma M88, can see 

turbine temperatures of 2,900 °F (1,590 °C). Those 

high temperatures weaken the blades and make them 

more susceptible to creep failures. The high 

temperatures can also make the blades susceptible 

to corrosion failures. Finally, vibrations from the 

engine and the turbine itself (see blade) can 

cause fatigue failures. 

2.0 TURBINE BLADE MATERIALS 

key limiting factor in early jet engines was the 

performance of the materials available for the hot 

section (combustor and turbine) of the engine. The 

need for better materials spurred much research in the 

field of alloys and manufacturing techniques, and that 

research resulted in a long list of new materials and 

methods that make modern gas turbines possible.
[6]

. 

One of the earliest of these was Nimonic, used in the 

British Whittle engines. 

The development of super alloys in the 1940s and 

new processing methods such as vacuum induction 

melting in the 1950s greatly increased the 

temperature capability of turbine blades. Further 

processing methods like hot isocratic pressing 

 improved the alloys used for turbine blades and 

increased turbine blade performance.
]
 Modern turbine 

blades often use nickel-based super alloys that 

incorporate chromium, cobalt, and rhenium. 

Aside from alloy improvements, a major 

breakthrough was the development of directional 

solidification (DS) and single crystal (SC) production 

methods. These methods help greatly increase 

strength against fatigue and creep by aligning grain 

boundaries in one direction (DS) or by eliminating 

grain boundaries all together (SC). 

Another major improvement to turbine blade material 

technology was the development of thermal barrier 

coatings (TBC). Where DS and SC developments 

improved creep and fatigue resistance, TBCs 

improved corrosion and oxidation resistance, both of 

which become greater concerns as temperatures 

increased. The first TBCs, applied in the 1970s, 

were aluminide coatings. Improved ceramic coatings 

became available in the 1980s. These coatings 

increased turbine blade capability by about 200°F 

(90°C). The coatings also improve blade life, almost 

doubling the life of turbine blades in some cases. 

Most turbine blades are manufactured by investment 

casting (or lost-wax processing). This process 

involves making a precise negative die of the blade 

shape that is filled with wax to form the blade shape. 

If the blade is hollow (i.e., it has internal cooling 

passages), a ceramic core in the shape of the passage 

is inserted into the middle. The wax blade is coated 

with a heat resistant material to make a shell, and 

then that shell is filled with the blade alloy. This step 

can be more complicated for DS or SC materials, but 

the process is similar. If there is a ceramic core in the 

middle of the blade, it is dissolved in a solution that 

leaves the blade hollow. The blades are coated with 

an TBC they will have, and then cooling holes are 

machined as needed, creating a complete turbine 

blade. 

3.0 Analysis Results  

3.1 Steady Stress Results: 

Figure 06 shows the distribution of static stresses 

throughout the blade. The static stresses are mostly 

the result of centrifugal load on the blade. A neck 

stress of 25,000 psi (172 MPa) is calculated for the 

blade dovetail, which is quite acceptable for a typical 

blade material such as AISI 403. Figure 09 shows a 

contour for displacement in the tangential direction. 

This contour plot provides information on the untwist 

in the blade at the mid-span location 

3.2 Campbell Diagram:  

The Campbell diagram for this 15" design. The 

Campbell diagram in this figure shows intersections 

of all the nodal diameters in the first three mode 

families. The nominal operating speed of 3600 RPM 

is shown on the right. This Campbell diagram shows 

that a resonant condition is not predicted for the first 

two mode families. However, a mode in the third 

family may be resonant with a 15x excitation. The 

harmonic response analysis for this mode shows that 

the resonant stress for this mode is low (< 1000 psi or 

6.89 MPa), and therefore, this resonance condition 

will be acceptable.  

3.3 Interference Diagram:  

Interference diagram for this 15" design. The 

Interference diagram is plotted corresponding to a 

nominal operating speed of 3600 RPM. The critical 

modes based on the proximity of the impulse line to 

different nodal-diameter modes in the first three 

families are identified as: 6-ND axial mode, 11-ND 

tangential mode, and the 15-ND twist mode. The 

harmonic response analysis for these modes was 

carried out using BladePro. The results for vibratory 

stresses in each of these modes are discussed in the 

next paragraph. 

Figure.4:Imported blade model .igs file 

Figure.5:Blade model is meshed using fine meshing 

options 
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Figure.6:Stress in y-direction. 

Figure.7:Deformation in x-direction. 

Figure.8:Deformation in y-direction. 

Figure.9:Deformation in z- direction. 

 
Figure.10: Model (Dynamic) Analysis. 

4.0 CONCLUSIONS 
The distribution of static stresses throughout the 

blade. The static stresses are mostly the result of 

centrifugal load on the blade. A neck stress of 25,000 

psi (172 MPa) is calculated for the blade dovetail, 

which is quite acceptable for a typical blade material 

such as AISI 403.  

Future BladePro Enhancements  
The BladePro product is constantly being updated to 

provide support for additional geometric features and 

customer-requested enhancements. One such ongoing 

effort is the interfacing with solid models generated 

by other third-party software. The ANSYS 

Connection product has proven to be an effective 

method of transferring solid models from various 

CAD systems into the ANSYS environment.  

Additional analysis features that exploit ANSYS 

capabilities (e.g., contact analysis) are planned for 

future releases.  

THE FOLLOWING DEGREE OF FREEDOM 

RESULTS ARE IN THE GLOBAL COORDINATE 

SYSTEM   

 MAXIMUM ABSOLUTE VALUES 

 NODE       4520        3166        3113        3113 

VALUE   0.25814E-03 0.95498E-04 0.93500E-02 

0.93510E-02 
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