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Abstract - The present work is to design and stress analysis of turbine blade of  jet engine. An examination for the 
utilization of new materials is required. The turbine blade was designed with a material named as alloy steel. An effort has 
been made to examine the impact of pressure and stresses on the turbine blade. Finite element analysis is utilized to inspect 
structural performance for alloy steel. The analysis was performed by two different design models of turbine blade 
comprising of seven circular and seven elliptical shaped holes. The gas turbine blade is modeled in a 3D cad tool named 
SOLID WORKS SIMULATION TOOL by utilizing extrude feature and the structural analysis is carried out in ANSYS 
workbench through which equivalent stresses and total deformation were resolved. It is discovered that by changing the hole 
design from circular to elliptical; the elliptical model is more stronger than circular model as it demonstrates less stress and 
deformation when contrasted with the other one for same working parameters. 
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I. INTRODUCTION 
 
Advancements made in the field of materials have 
contributed in a major way in building gas turbine 
engines with higher power ratings and efficiency 
levels. Cooling of gas turbine blades is a major 
consideration because they are subjected to high 
temperature working conditions [1]. Aninvestigation 
for the usage of new materials is required. Finite 
element methods are useful in prediction of possible 
temperature areas on turbine blades [2]. 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. Higher temperatures, coupled with higher 
compressor pressure ratios, can improve the overall 
efficiency of the engine [3]. Higher combustor 
temperatures require intricate cooling strategies in the 
downstream turbine to ensure turbine component life 
[4].The turbine blades are often the limiting 
component of gas turbines; they 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 
[5]. The length of a blade depends on the profile 
(impulseor 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 
flowturbine. One parameter that is constant: the 
length of the blade increases from gas inlet to the 
discharge of the unit. The profile gradually increases 
in diameter from inlet to discharge. Blade failures can 
be caused by a number of mechanisms under the 
turbine operating conditions of high rotational speed 
at elevated temperatures. In general, blade failures 
can be grouped into two categories: (a) fatigue,  

 
including both high (HCF) and low cycle fatigue 
(LCF) and (b) creep rupture [6]. The temperature 
distribution in the rotor blade was evaluated only for 
the mechanical stresses [7]. The specific post-
processing and life assessment of blade determines 
the natural frequencies and mode of the turbine 
blade[8]. The gas forces namelytangential, axial have 
been determined by constructing velocity triangles at 
inlet and exist of rotor bladesand then analyzed using 
ANSYS 11.0 forthe couple field (static and thermal) 
stresses[9]. There are different types of the cooling 
technique which maintains temperature of the blade 
to allowable limits. Materials such as N155 & Inconel 
718 nickel-chromium alloys analysis was used to 
examine steady state thermal & structural 
performance for four different models consisting of 
solid blade with varying number of holes (5, 9 & 13 
holes) were analyzed to find out the optimum number 
of cooling holes.It is found that Inconel 718 has the 
better thermal properties as the blade temperature and 
the stress induce is lesser[10]. The heat transfer 
parameters are the most critical variables affecting 
blade life and the least critical parameter is blade 
geometry[11]. The volume average temperature of 
the blade and the coefficient of heat transfer from the 
cooling medium to the cooling channel wall can also 
be chosen as the cooling efficiency criteria[12]. 

 
II. METHODOLOGY 
 
Specific capabilities of Solid works Simulation: 
 
Static Analysis 
When masses area unit applied to a body, the body 
deforms and therefore the impact of masses is 
transmitted throughout the body. The external masses 
induce internal forces and reactions to render the 
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body into a state of equilibrium. Linear Static 
analysis calculates displacements, strains, stresses 
and reaction forces beneath the impact of applied 
masses. 
 
Analysis Steps: 
The steps required to perform static analysis rely on 
the study kind and can be completed by playing the 
subsequent steps:  
 Create a study shaping its analysis kind and 

choices.  
 If required, outline parameters of your study. A 

parameter is a model dimension, material 
property, force worth, or the other input.  

 Define material properties. 
 Specify restraints and masses.  
 The program mechanically creates a mixed mesh 

once completely different geometries (solid, 
shell, structural members etc.) within the model.  

 Define element contact and call sets.  
 Mesh the model to divide the model into several 

little items known as parts. Fatigue and 
optimization studies use the meshes in 
documented studies.  

 Run the study.  
 View results. 

 
Finite Element Method  
The finite element method is a numerical analysis 
technique for obtaining approximate solutions to a 
wide variety of engineering problems. Although 
originally developed to study stresses in complex 
airframe structures, it has been extended and applied 
to the broad field of continuum mechanics. Meshing 
of the current turbine blade can be observed in fig. 1. 
 

 
Fig. 1 Mesh model of turbine blade 

 
Design and Modeling 
 

Table 1 Material Properties 
Sl. No. Property 

(Unit) 
Value  

1 Density 
(kg/mm) 

7.7x10-6 

2 Young’s 
Modulus 

2x105 

(Mpa) 
3 Poisson’s 

Ratio 
0.28 

4 Bulk 
Modulus 

(Mpa) 

1.5152x105 

5 Shear 
Modulus 

(Mpa) 

78125 

6 Tensile 
yield 

strength 
(Mpa) 

620.42 

 
Simulations based on 7 holes gas turbine blade 
The simulation of elliptical and circular shaped holes 
of a turbine blade can be seen in the figure 2 and 3 
respectively. 
 

 
Fig. 2 Elliptical shaped holes 

 

 
Fig. 3 Circular shaped holes 

 
RESULTS AND DISCUSSION 
 

 
Fig. 4Stress Analysis of Circular Shaped Holes 
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Fig. 5 Deformation of circular shaped Holes 

 
Fig. 6Stress Analysis of Elliptical Shaped Holes 

 
Fig. 7 Deformation of elliptical shaped holes 

 
Table 2Result of turbine blade with elliptical shape holes 

No. of 
holes 

Material Maximum 
stress 
(MPa) 

Deformation(
mm) 

7 Alloy 
steel 

8602 13.023 

 
Table 3Result of turbine blade with circular shape holes 

No. 
of 

holes 

Material Maximum 
stress 
(MPa) 

Deformation(mm) 

7 Alloy 
steel 

10888 12.03 

 

CONCLUSION 
 
In this work, the static structural analysis is carried 
out sequentially by using finite element analysis as a 
tool.The blade with seven number of holes wasused 
for the analysis at a pressure of 22 bar applied on the 
turbine blade face. The static stresses are mostly the 
result ofcentrifugal load on the blade. It can be 
concluded that elliptical holes shaped turbine blade 
has shown less stress (8602 MPa) and high 
deformations (13.023 mm)as compared to the circular 
shapes. Be that as it may, the more dependable 
forecasts of crack development rates and lifetime 
appraisals require more refined examinations that 
ought to consider the impacts of thermal transients. 
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