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Abstract: The blade is an aerofoil-shaped component of a steam turbine that has a root attached to the rotor. The 
root is the base of the blade that supports the entire structure and transmits the torque generated by the steam 
flow to the rotor. The root must be designed in a manner that takes into account its removal during maintenance 
and positional maintenance on-the-fly during turbine operation. This essentially ensures a safe working 
environment for the operators and other personnel in the nuclear power plant.  
Strength analysis of a steam turbine blade is a prerequisite procedure in the steam turbine design process during 
which the strength and durability of the blades under various operating conditions are evaluated. Such operating 
conditions include elevated temperatures, intense pressure and high rotational speeds. The purpose of this 
scientific work is to demonstrate that the blades can withstand such extreme conditions with little or no 
degradation over time. The adopted methodology involves modeling of the steam turbine blade using 
SolidWorks, and using the Finite Element Analysis (FEA) software to simulate the mechanical behavior of the 
associated blade material under various stress and strain conditions. The analysis takes into account factors such 
as stress distribution and concentration to predict the response of the blade under high pressure steam jets. The 
results of the analysis are adopted in the optimization of blade design and material selection to ensure safe and 
efficient blade operation throughout the entire lifespan of the turbine blade. The results are also useful in the 
identification of potential areas of weakness or failure that can be addressed through design changes and material 
improvements.  
 

Keywords: Strength analysis, steam turbine blade, finite element analysis, SolidWorks, Ansys, 
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1. INTRODUCTION 
 
A steam turbine is a fundamental subsystem in 
every power generation complex, particularly in 
nuclear power plants in which they convert the 
potential energy stored in high pressure steam 
into kinetic energy associated with the rotating 
turbine blades, generating a rotary motion for 
driving electrical generators which ultimately 
results into electrical power. The efficiency and 
reliability of the turbine is critically dependent 
on the performance of the blades, which are 
subjected to extreme operating conditions 
associated with very high temperatures, 
pressures and rotational speeds. In this scientific 
work, we perform a strength analysis of the last-
stage reaction-type steam turbine blades. 
Understanding the mechanical behavior of these 
blades under operational stresses is essential in 
preventing failures and ensuring the longevity 
of the turbine.  
The primary objective of this scientific work is 
to model, analyze and validate the stresses 
associated with the steam turbine blade 
subjected to the extreme conditions formerly 
mentioned. In the analysis, it is assumed that the 
manifestation of such conditions is uniform on 
all the blades and so the results associated with 
a single blade can be replicated to give a whole 
picture of the condition of all the blades in the 
turbine. By conducting a detailed analysis of the 
impact of these conditions on the blade, we get 
results that are crucial in the enhancement of the 
design and material selection for the turbine 
blades. 
By integrating advanced modeling and 
simulation techniques, the study provides a 
comprehensive understanding of the stresses 
manifesting on the turbine blades, a prerequisite 
stage in informed decision making on the basis 
of the adopted materials and design 

improvements. Additionally, the analysis 
procedure adopted in this scientific work can 
easily be applied in other types of turbines and 
components, contributing to the broader field of 
engineering and power generation. The findings 
in the study are expected to have practical 
implications in the maintenance and design of 
steam turbines, ultimately enhancing the 
stability and efficiency of power plants. 
 
1.1 A Brief Description of the Steam Turbine 
Blade and the Investigated Conditions 
A steam turbine operates under the fundamental 
principle of the Rankine Cycle, a 
thermodynamic cycle that transforms heat 
energy into mechanical work. In the Rankine 
cycle, high-pressure steam is generated in the 
steam generator. The steam is subjected to 
expansion in a series of turbine stages to create 
a rotary motion needed to facilitate the motion 
of conductive material through the magnetic 
field lines associated with permanent magnets 
of the electrical generator. The steam is then 
condensed and reintroduced into the cycle. 
The blade causes the rotation of the rotor by the 
action of reactionary or impulsive forces when a 
jet of steam traverses over its surface. It’s 
installed in slots on discs connected to a rapidly 
rotating shaft. The blade is engineered to allow 
steam to flow smoothly over its surface, altering 
direction and generating a force that induces 
rotary motion. In a nuclear power plant (NPP), 
the turbine operates at extreme conditions 
associated with high temperatures, oxidation, 
cavitation, corrosion, bending and centrifugal 
forces associated with the flowing steam, 
necessitating the selection of materials that can 
withstand such conditions. The design of the 
steam turbine blades must therefore take all 
these factors into consideration. 
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Materials such as INCONEL 718, a 
precipitation-hardened nickel-based superalloy, 
are capable of withstanding these conditions but 
require rigorous testing before use [1,2].  

The blade consists of 3 main parts; the leaf type, 
the blade root, and the blade tip, normally 
mounted in a disc containing shaft as illustrated 
in figure 1 [3]. 

 

 
Figure 1. Turbine blades: (a) The shaft and disc with turbine blades, (b) Basic structure 

of a twisted blade 
 
Each edge of a cross-section is referred to as a 
profile line, which, along with the section 
profile line and the leaf height parameters, 
adheres to gas dynamics requirements and 
ensures structural strength. Due to multi-axial 
stress state from the load, the blade must be 
modeled using 3-dimensional (3D) solid 
elements. The 3D model allows for detailed 
views of the maximum stresses, ensuring the 
design remains within safe limits. The blade’s 
shape is determined by the minimum inertia of 
the section, while its strength and vibration 
performance are influenced by several 
aerodynamic parameters, including the 
impeller’s suiting mode on the main shaft, the 
geometric inlet angle, and the exit angle [4]. 
 
1.2 Steam Turbine Blade Material Strength 
Analysis 
Numerous studies have been conducted to 
analyze the strength and life expectancy of 
steam turbine blades under various loading 
scenarios. Researchers have employed a range 
of analytical, numerical and experimental 
techniques to investigate the complex stress 

distributions, material behaviors and failure 
mechanisms associated with these components. 
Analytical methods, such as beam theory and 
energy methods, have been widely used to 
estimate the stresses and deformations in turbine 
blades subjected to centrifugal, thermal, and 
aerodynamic loads. These methods provide 
closed-form solutions and offer insights into the 
dominant failure modes, such as high-cycle 
fatigue, creep, and low-cycle fatigue [5]. 
Numerical techniques, particularly the FEA, 
have proven to be powerful tools for detailed 
stress analysis and turbine blade lifespan 
prediction. This method can incorporate 
complex blade geometries, material properties 
and loading conditions to accurately simulate 
the blade’s structural response and identify 
critical stress concentration regions [6]. 
Experimental investigations have played a 
crucial role in validating analytical and 
numerical models, as well as understanding the 
underlying failure mechanisms. Static, fatigue, 
creep and thermal cycling tests have been 
conducted on actual blade specimens or scaled 
models to provide valuable data on material 
behavior, crack initiation and propagation, and 
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the effects of the environmental factors such as 
temperature and corrosion [7].  
Strength analysis has led to the development of 
new alloys and coatings designed to enhance the 
strength and durability of turbine blades. Such 
materials exhibit superior high-temperature 
strength, creep resistance, and oxidation 
resistance, enabling longer service life and 
improved performance in nuclear power plant 
applications [8]. 
To achieve reliable performance, it is essential 
that the working stress manifesting on the 
turbine blades does not exceed the maximum 
allowable stress associated with the material.  
 
1.3 Principles of Operation of Turbines 
Turbines can be categorized based on the 
principle of their operation. In this case, we 
consider the categorization into impulse turbine 
and the reaction turbine. The impulse turbine 
operates by utilizing high-pressure steam that 
enters a stationary nozzle, consequently 
experiencing a decrease in pressure and a 
corresponding increase in velocity. The high-
velocity steam is directed towards properly 
shaped turbine blades, generating an impulse 
force as it changes the steam flow direction 
upon impact. The resultant force instigates blade 
movement, initiating a rotary motion. The 
impulse turbine maintains a constant pressure 
across the moving blades. While the stationary 
nozzles facilitate a pressure drop and an 
increase in velocity, the moving blades do not 
experience any changes in pressure. On the 
other hand, the reaction turbine consists of rows 
of fixed and moving blades. Initially, the steam 
expands in the fixed blades, increasing in 
velocity while its pressure decreases. As the 
steam gets to the moving blades, its direction 
changes, creating an impulse force on the 
blades. While traversing through the moving 
blades, it continues to expand and its pressure 
further drops, generating a reaction force that 
drives the turbine. A key characteristic of the 
reaction turbine is the pressure differential 
between the inlet and the outlet of the moving 

blades, indicating a significant pressure drop 
across the blades [5]. 
 
 
2. MATERIALS AND METHODOLOGY 
 
The adopted methodology entailed creation of 
the 3D model of the turbine blade using 
SolidWorks, adoption of the analytical 
computation scheme for the stress, adoption of 
the ANSYS supported numerical computation in 
simulating stress, and validation of results by 
comparing the adopted numerical and analytical 
computation models. The implementation 
workflow diagram is presented in figure 2. 
 

 

Figure 2. Implementation workflow 
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2.1 Steam Turbine Blade Material 
Characteristics, Properties and Physical 
Parameters   
The steam turbine blade considered in this 
scientific work is made of INCONEL Alloy 718, 
a nickel-based superalloy whose mechanical 
characteristics are outlined in table 1 [11]. 
 

Table 1. Mechanical characteristics of 
INCONEL Alloy 718 

Material characteristic Value/comment 
Physical density, g cm-3 8,221 
Melting point, 0C 1380-1425   
Modulus of elasticity, GPa 205 
Tensile strength, MPa 869.4 
Yield strength, MPa 761,2 
Creep resistance Excellent  
Corrosion resistance  Excellent in air, water 

and steam 
Oxidation resistance Good up to 1200 0C 
Wear resistance Good  
Fatigue resistance Good 
 
The INCONEL Alloy 718 turbine material 
constitutes a blend of diverse elements, each with 
specified percentage composition as outlined in 
table 2. These element compositions impart 
favorable characteristics, enabling the turbine to 
operate effectively under high-pressure steam 
conditions within the steam turbine system. 

 
Table 2. Percentage composition of materials in 

INCONEL Alloy 718 
Element Composition , % 
Nickel (Ni) 50-55 
Chromium (Cr) 17-21 
Iron (Fe) 18-22 
Niobium (Nb) 4,75-5,5 
Tantalum (Ta) 4,75-5,5 
Molybdenum (Mo) 2,8-3,3 
Titanium (Ti) 0,65-1,15 
Aluminium (Al) 0,2-0,8 
Columbium (Cb) 0,3-0,7 
Others Trace amounts 

The material properties and physical parameters 
of the turbine blade adopted in the analysis are 
presented in table 3. 
 

Table 3. Material properties and physical 
parameters 

Material properties  Magnitude 
Physical density, Kg m-3 8221 
Modulus of elasticity, E, MPa 1,95 10  
Yield strength, y, MPa 761,20 
Ultimate tensile strength, MPa 869,40 
Elongation, % 40,00 
Radius of the rotor disc, m 0,30 
Height of the blade, mm 150,00 
Cross-sectional area of the root of 
the blade, mm2 

1195,82 

Blade rotation speed, , rad s-1 314,16 
Steam mass flowrate, t hr-1 1602 
 
2.2 Analytical Solution  
2.2.1 Centrifugal Stress on the Turbine Blade 
The rotating blades encounter centrifugal forces as 
a consequence of their circular motion within the 
turbine. These forces exert an outward pressure on 
the blades, directly proportional to the square of 
the rotational speed and the distance on the blade 
from the center of rotation. Considering a 
simplified two-dimensional (2D) representation of 
the blade as depicted in figure 3 [9], the 
centrifugal force acting on the turbine blade, 
denoted by FC is calculated using equation (1). 
 

 =   (1) 
 

 
Figure 3. Load acting rotor blade 

Where m is the mass of the blade, r is the radial 
distance from the center of rotation to the blade 
tip, and the angular velocity of the blade. 
Considering an infinitesimal mass segment, 
denoted by , with a width dr, located at a 
distance r from the center of rotation, the 
centrifugal force acting on this point, represented 
by C takes the form of equation (2).   
 

= 2 (2) 
 
Given the cross-sectional area of the blade is A, 
mm2, and the material physical density  kg 
mm-3, then the infinitesimal mass of the element 
takes the form of equation (3). 
 

=   (3) 
 
Substituting equation (3) into (2), and assuming 
that both the material physical density and the 
cross-sectional area are constant, we get 
equation (4). 
 

=  2  (4) 
 
Integrating equation (4) from the centroid of the 
turbine shaft to the blade tip [10] gives the force 
exerted on the entire turbine blade in the form of 
equation (5). 
 

 =   (5) 

 
So that the resultant centrifugal force is 
determined using the equation (6). 
 

 =  
  
2

 (6) 

 
Where r1 is the radius of the rotor disc, and r2 is 
the sum of the height of the blade and the radius 
of the rotor disc, as shown in figure 2. 
Considering the data provided in table 3, we 
calculate the total radius of the blade by 
summing up the radius of the rotor disc (r1 = 0,3 

m) and the height of the turbine blade, so that, r2 
= 0,45 m. Substituting all the known parameters 
into equation (6) gives the centrifugal force on 
the blade, FC  = 54600 N. 
 
2.2.2 The Centrifugal and Bending Stresses on 
the Turbine Blades 
The centrifugal stress c at the blade root is then 
calculated using the relation (7). 
 

=   (7) 

 
Where Aroot is the cross-sectional area of the 
blade root. So that the resulting centrifugal force 
acting on the blade root, c = 45,50 MPa. 
We must also take into account the bending 
stress on the steam turbine blade due to the 
steam pressure. This stress is sensitive to 
various factors, including the blade geometry, 
material properties, operating conditions, and 
the aerodynamic forces acting on the blade. On 
a beam-like structure, this stress takes the form 
of equation (8). 
 

 =   +   (8) 

 
The tangential bending stress on the blade takes 
the form of equation (9). 
 

 =   (9) 

 
The axial bending stress on the blade takes the 
form of equation (10). 
 

 =   (10) 

 
Where M is the bending moment due to steam 
pressure, x, y  are the distances from the neutral 
axis to the outermost part of the blade in the x 
and y directions respectively, Ix, Iy are the 
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2.1 Steam Turbine Blade Material 
Characteristics, Properties and Physical 
Parameters   
The steam turbine blade considered in this 
scientific work is made of INCONEL Alloy 718, 
a nickel-based superalloy whose mechanical 
characteristics are outlined in table 1 [11]. 
 

Table 1. Mechanical characteristics of 
INCONEL Alloy 718 

Material characteristic Value/comment 
Physical density, g cm-3 8,221 
Melting point, 0C 1380-1425   
Modulus of elasticity, GPa 205 
Tensile strength, MPa 869.4 
Yield strength, MPa 761,2 
Creep resistance Excellent  
Corrosion resistance  Excellent in air, water 

and steam 
Oxidation resistance Good up to 1200 0C 
Wear resistance Good  
Fatigue resistance Good 
 
The INCONEL Alloy 718 turbine material 
constitutes a blend of diverse elements, each with 
specified percentage composition as outlined in 
table 2. These element compositions impart 
favorable characteristics, enabling the turbine to 
operate effectively under high-pressure steam 
conditions within the steam turbine system. 

 
Table 2. Percentage composition of materials in 

INCONEL Alloy 718 
Element Composition , % 
Nickel (Ni) 50-55 
Chromium (Cr) 17-21 
Iron (Fe) 18-22 
Niobium (Nb) 4,75-5,5 
Tantalum (Ta) 4,75-5,5 
Molybdenum (Mo) 2,8-3,3 
Titanium (Ti) 0,65-1,15 
Aluminium (Al) 0,2-0,8 
Columbium (Cb) 0,3-0,7 
Others Trace amounts 

The material properties and physical parameters 
of the turbine blade adopted in the analysis are 
presented in table 3. 
 

Table 3. Material properties and physical 
parameters 

Material properties  Magnitude 
Physical density, Kg m-3 8221 
Modulus of elasticity, E, MPa 1,95 10  
Yield strength, y, MPa 761,20 
Ultimate tensile strength, MPa 869,40 
Elongation, % 40,00 
Radius of the rotor disc, m 0,30 
Height of the blade, mm 150,00 
Cross-sectional area of the root of 
the blade, mm2 

1195,82 

Blade rotation speed, , rad s-1 314,16 
Steam mass flowrate, t hr-1 1602 
 
2.2 Analytical Solution  
2.2.1 Centrifugal Stress on the Turbine Blade 
The rotating blades encounter centrifugal forces as 
a consequence of their circular motion within the 
turbine. These forces exert an outward pressure on 
the blades, directly proportional to the square of 
the rotational speed and the distance on the blade 
from the center of rotation. Considering a 
simplified two-dimensional (2D) representation of 
the blade as depicted in figure 3 [9], the 
centrifugal force acting on the turbine blade, 
denoted by FC is calculated using equation (1). 
 

 =   (1) 
 

 
Figure 3. Load acting rotor blade 

Where m is the mass of the blade, r is the radial 
distance from the center of rotation to the blade 
tip, and the angular velocity of the blade. 
Considering an infinitesimal mass segment, 
denoted by , with a width dr, located at a 
distance r from the center of rotation, the 
centrifugal force acting on this point, represented 
by C takes the form of equation (2).   
 

= 2 (2) 
 
Given the cross-sectional area of the blade is A, 
mm2, and the material physical density  kg 
mm-3, then the infinitesimal mass of the element 
takes the form of equation (3). 
 

=   (3) 
 
Substituting equation (3) into (2), and assuming 
that both the material physical density and the 
cross-sectional area are constant, we get 
equation (4). 
 

=  2  (4) 
 
Integrating equation (4) from the centroid of the 
turbine shaft to the blade tip [10] gives the force 
exerted on the entire turbine blade in the form of 
equation (5). 
 

 =   (5) 

 
So that the resultant centrifugal force is 
determined using the equation (6). 
 

 =  
  
2

 (6) 

 
Where r1 is the radius of the rotor disc, and r2 is 
the sum of the height of the blade and the radius 
of the rotor disc, as shown in figure 2. 
Considering the data provided in table 3, we 
calculate the total radius of the blade by 
summing up the radius of the rotor disc (r1 = 0,3 

m) and the height of the turbine blade, so that, r2 
= 0,45 m. Substituting all the known parameters 
into equation (6) gives the centrifugal force on 
the blade, FC  = 54600 N. 
 
2.2.2 The Centrifugal and Bending Stresses on 
the Turbine Blades 
The centrifugal stress c at the blade root is then 
calculated using the relation (7). 
 

=   (7) 

 
Where Aroot is the cross-sectional area of the 
blade root. So that the resulting centrifugal force 
acting on the blade root, c = 45,50 MPa. 
We must also take into account the bending 
stress on the steam turbine blade due to the 
steam pressure. This stress is sensitive to 
various factors, including the blade geometry, 
material properties, operating conditions, and 
the aerodynamic forces acting on the blade. On 
a beam-like structure, this stress takes the form 
of equation (8). 
 

 =   +   (8) 

 
The tangential bending stress on the blade takes 
the form of equation (9). 
 

 =   (9) 

 
The axial bending stress on the blade takes the 
form of equation (10). 
 

 =   (10) 

 
Where M is the bending moment due to steam 
pressure, x, y  are the distances from the neutral 
axis to the outermost part of the blade in the x 
and y directions respectively, Ix, Iy are the 
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moments of inertia in the x and y directions 
respectively. 
Formulation of the bending stress requires 
scrutiny of the combined velocity triangle for 
steam turbine illustrated in the figure 4 [12]. 
This is a graphical assessment of the velocity 
distribution of steam as it traverses through the 
steam turbine blade. The velocities are 
represented using velocity triangles, which 
illustrate the magnitudes and directions of 
various velocity components. 
 

 
The free body diagram of the steam turbine 
blade adopted in the analysis is given in figure 5. 
 

 

The mass flowrate, , associated with all the 
blades in a circular section of the steam turbine 
under scrutiny is given in table 3. The total 
number of turbine blades in each circular 
section is given as, n = 90, therefore, the mass 
flowrate associated with a turbine blade takes 
the form of equation (11).  
 

 =   (11) 

 
So that, on substituting into equation (11),  

 =  4,94 kgs .  
With reference to the depiction in figure 4, we 
generate a combined velocity triangle diagram 
for the steam turbine blade adopted in the 
analysis as shown in figure 6.  
 

 
The approximate values for the tangential and 
axial components are obtained from figure 6. 
The dimensional lengths correspond to relative 
velocities in m s-1. From this figure, we retrieve 

0 0; 
representing the angle the incoming steam 
makes with the tangent of the wheel at the steam 
inlet, the angle the discharging steam makes 
with the tangent of the wheel at the steam outlet, 
the inlet angle of the moving blades, and the 
outlet angle of the moving blades respectively.  
The linear velocity V is calculated from the 
angular velocity of the rotor. 
At the entrance, the vertical component velocity 
of flow Vf1 corresponds to the axial component 
velocity V1, while the velocity of flow at the exit 
Vf2 aligns with the axial component V2. Since 
both Vf1 and Vf2 are identical at a velocity of 

Figure 6. Combined velocity diagram of the 
turbine blade 

Figure 5. Steam turbine blade cross-section 
with velocity diagram 

Figure 4. Combined velocity triangle for steam 
turbine 
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moments of inertia in the x and y directions 
respectively. 
Formulation of the bending stress requires 
scrutiny of the combined velocity triangle for 
steam turbine illustrated in the figure 4 [12]. 
This is a graphical assessment of the velocity 
distribution of steam as it traverses through the 
steam turbine blade. The velocities are 
represented using velocity triangles, which 
illustrate the magnitudes and directions of 
various velocity components. 
 

 
The free body diagram of the steam turbine 
blade adopted in the analysis is given in figure 5. 
 

 

The mass flowrate, , associated with all the 
blades in a circular section of the steam turbine 
under scrutiny is given in table 3. The total 
number of turbine blades in each circular 
section is given as, n = 90, therefore, the mass 
flowrate associated with a turbine blade takes 
the form of equation (11).  
 

 =   (11) 

 
So that, on substituting into equation (11),  

 =  4,94 kgs .  
With reference to the depiction in figure 4, we 
generate a combined velocity triangle diagram 
for the steam turbine blade adopted in the 
analysis as shown in figure 6.  
 

 
The approximate values for the tangential and 
axial components are obtained from figure 6. 
The dimensional lengths correspond to relative 
velocities in m s-1. From this figure, we retrieve 

0 0; 
representing the angle the incoming steam 
makes with the tangent of the wheel at the steam 
inlet, the angle the discharging steam makes 
with the tangent of the wheel at the steam outlet, 
the inlet angle of the moving blades, and the 
outlet angle of the moving blades respectively.  
The linear velocity V is calculated from the 
angular velocity of the rotor. 
At the entrance, the vertical component velocity 
of flow Vf1 corresponds to the axial component 
velocity V1, while the velocity of flow at the exit 
Vf2 aligns with the axial component V2. Since 
both Vf1 and Vf2 are identical at a velocity of 

Figure 4. Combined velocity diagram of the 
turbine blade 

Figure 3. Steam turbine blade cross-section 
with velocity diagram 

Figure 2. Combined velocity triangle for steam 
turbine 

71,93 m s-1, the axial force acting on the blade 
becomes zero, implying that only the tangential 
force is exerted on the blade. From the figure 6, 
the velocity of the steam relative to the moving 
blade Vr1 = 197,63 m s-1 at the inlet and the 
velocity of steam relative to the moving blade Vr2  
= 71,93 m s-1 at the outlet are used to calculate 
the tangential force using equation (12). 
 

 =  (  +  ) (12) 
 
So that, the tangential force Ft  = 1332,82 N. 
The tangential moment Mt caused by the 
tangential force takes the form of equation (13). 
 

 =  (   ) (13) 
 
So that Mt = 199,92 N m. 
 

Table 4. Principal moment of inertia at the 
centroid, Iy and the depth of the blade from the 

central axis 
Centroid relative to 
output coordinate 
system origin, mm 

x = 0,00 
y = 1,00 
z = -9,11 

Moments 
of inertia 

of the area, 
at the 

centroid, 
mm4  

Lxx=74635,33 
 

Lyx=0,00 
 

Lzx=-24,44 

Lxy=0,00 
 

Lyy=731171,0
7 
 

Lzy=0,00 

Lxz=-24,44 
 

Lyz=0,00 
 

Lzz=656535
,74 

Polar moment of inertia 
of the area, at the 

centroid = 731171,07 
mm4 

Angle between 
principal axes and part 

axes = 900 
Principal moments of 

inertia of the area, at the 
centroid , mm4 

Ix = 74635,33 
Iy = 656535,74 

Moments 
of inertia 

of the 
area , at the 

output 
coordinate 

system, 
mm4 

Lxx=174679,60 
 

Lyx=0,83 
 

Lzx=16,86 

Lxy=0,83 
 

Lyy=830024,4
3 
 

Lzy=-
10850,11 

 
Lxz=16,86 

 
Lyz=-

10850,11 
Lzz=657726

,64 

Table 4 entails the principal moment of inertia 
at the centroid, Iy and the depth of the blade 
from the central axis. The measurements are 
based on sectioned model. The cross-sectional 
area of the selected face, A = 1190,91 mm2. The 
value of the principal moment of inertia along 
the y-axis, Iy, and its corresponding length, y 
from the neutral axis is used to calculate the 
tangential stress by substituting these values 
into equation (9), so that t = 50,65 MPa. Due to 
the fact that the axial force acting on the blade is 
zero, the bending stress on the turbine blade, B 
=  t = 50,65 MPa. 
The total stress acting on the turbine blade is 
determined by summing up the tangential and 
centrifugal stresses on the blade, equating to 
96,15 MPa. 
 
2.3 ANSYS Supported Numerical Solution      
The Ansys Workbench’s static structural 
analysis module was used in the numerical 
computation of centrifugal and bending stresses. 
This module utilizes the FEA techniques, which 
involve breaking down a complex structure into 
smaller, simpler elements. The equations 
governing the motion and behavior of each 
individual element are then solved numerically 
to determine the stress, strain, and displacement 
distributions throughout the entire structure 
[13]. By discretizing the problem, the program 
effectively analyzes the centrifugal and bending 
stresses acting on the blade.  
The 3D model of the steam turbine blade 
subjected to numerical simulation is given in 
figure  7. 
 
2.3.1 Meshing and Solving for Centrifugal 
Stress 
In the static structural analysis module, the 
geometry file of the steam turbine blade is 
imported, the material properties of the blade 
defined, in this case, Nickel alloy INCONEL 
718 is chosen from the ANSYS material 
database, the coordinate system for the analysis 
is defined, and the meshing processes initiated. 
The FEA technique solves the equations 
governing the motion of the structures on 

Strength Analysis of Steam Turbine Blades for a Nuclear Power Plant



196 International Journal for Computational Civil and Structural Engineering

infinitesimal volume elements of the solid 
domain. The meshing process divides the 
supplied geometry into infinitesimal elements 
linked by nodes. The resulting mesh is given in 
figure 8. The mesh element size for this analysis 
was chosen based on several critical factors, 
taking into account the distinction between 
critical and non-critical regions of the blade. 

 
Figure 7. 3D model of the steam turbine blade 

adopted in the numerical solution 
  

 

The blade’s geometry has both simple and 
complex features, necessitating a variable mesh 
density approach, considering: 
a) High stress gradient areas such as the root, 
trailing edge, and the leading edge of the blade, 
in which finer mesh elements were adopted. 
This facilitated accurate analysis of stress 
concentrations. 
b) Uniform material regions such as the inner 
and outer arc of  the blade, in which coarser 
mesh elements were considered. The 
homogeneous nature of the blade material 
allowed for coarser mesh in less critical areas 
without compromising the required accuracy.  
This strategy reduced computational time and 
facilitated optimization on resource usage while 
maintaining the necessary accuracy. 
The meshing process is proceeded by definition 
of boundary conditions on the mesh as depicted 
in the figure 9. This process involves applying a 
fixed support condition to the region where the 
blade attaches to the rotor disc section. 
Additionally, a rotational velocity of 3000 rpm 
is specified, which generally corresponds to the 
operating speed of the NPP steam turbines. 
 

 
Figure 9. Boundary conditions 

 
Figure 8. Steam turbine blade mesh 

With the setup completed; including the 
material properties, coordinate system, mesh, 
and the boundary conditions, the Ansys static 
structural analysis module solution is run to 
evaluate the stresses and deformations on the 
turbine blade under the specified centrifugal 
loading conditions. 
 
2.3.2 Solving for Bending Stress 
Given that the simulation of steam flow using 
Ansys Computational Fluid Dynamics (CFD) is 
beyond the scope of the primary objective of 
this scientific work, the adopted approach in the 
computation of bending stress is not as 
straightforward as it would be if CFD is 
integrated in the solution. Instead of performing 
CFD simulation to determine the bending force 
acting on the blade, this value is arrived at by an 
analytical means. The bending force is then 
directly supplied as the primary bending load in 
the boundary conditions within the static 
structural analysis module. While a 
comprehensive CFD simulation would have  
provided a detailed and accurate representation 
of the steam-blade interaction, the adopted 
approach strikes a balance between 
computational feasibility and capturing the 
essential bending stress effects within the scope 
of the primary objective of the scientific work. 
The static structural module is then used to 
compute the bending stress in the same manner 
as previously executed in the case of the 
centrifugal stress. All the boundary conditions 
in this case are the same except for the bending 
force on the blade. 
The notable difference in the boundary 
conditions is the introduction of the bending 
force acting on the blade. The analysis setup; 
including the geometry, material properties, 
coordinate system, and the mesh remain 
identical. Figure 10 is a depiction of the bending 
force applied to the turbine blade, with the fixed 
support constraint applied at the region where 
the blade attaches to the rotor section. From this 

we determine the equivalent force exerted by 
the steam jet impinging on the blade’s surface. 
 

 
 
 
3. RESULTS 
 
Figure 11 is a depiction of the equivalent (Von-
Mises) stress distribution and total deformation 
in the model; the results of the numerical 
computation of centrifugal stress. The color 
scale indicates the stress values, ranging from a 
minimum of 0,00 MPa to a maximum of 45,33 
MPa. The areas with higher stress 
concentrations are highlighted in red and 
orange, while the lower stress regions are 
highlighted in blue and green. Figure 12 is a 
depiction of the bending stress and the 
associated total deformation force on the blade. 
The maximum bending stress experienced by 
the steam blade is 52,80 MPa. The comparison 
is given in the table 5. 

Figure 6. Equivalent force exerted by the steam 
jet impinging on the blade surface 
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linked by nodes. The resulting mesh is given in 
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taking into account the distinction between 
critical and non-critical regions of the blade. 
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This facilitated accurate analysis of stress 
concentrations. 
b) Uniform material regions such as the inner 
and outer arc of  the blade, in which coarser 
mesh elements were considered. The 
homogeneous nature of the blade material 
allowed for coarser mesh in less critical areas 
without compromising the required accuracy.  
This strategy reduced computational time and 
facilitated optimization on resource usage while 
maintaining the necessary accuracy. 
The meshing process is proceeded by definition 
of boundary conditions on the mesh as depicted 
in the figure 9. This process involves applying a 
fixed support condition to the region where the 
blade attaches to the rotor disc section. 
Additionally, a rotational velocity of 3000 rpm 
is specified, which generally corresponds to the 
operating speed of the NPP steam turbines. 
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Figure 5. Steam turbine blade mesh 

With the setup completed; including the 
material properties, coordinate system, mesh, 
and the boundary conditions, the Ansys static 
structural analysis module solution is run to 
evaluate the stresses and deformations on the 
turbine blade under the specified centrifugal 
loading conditions. 
 
2.3.2 Solving for Bending Stress 
Given that the simulation of steam flow using 
Ansys Computational Fluid Dynamics (CFD) is 
beyond the scope of the primary objective of 
this scientific work, the adopted approach in the 
computation of bending stress is not as 
straightforward as it would be if CFD is 
integrated in the solution. Instead of performing 
CFD simulation to determine the bending force 
acting on the blade, this value is arrived at by an 
analytical means. The bending force is then 
directly supplied as the primary bending load in 
the boundary conditions within the static 
structural analysis module. While a 
comprehensive CFD simulation would have  
provided a detailed and accurate representation 
of the steam-blade interaction, the adopted 
approach strikes a balance between 
computational feasibility and capturing the 
essential bending stress effects within the scope 
of the primary objective of the scientific work. 
The static structural module is then used to 
compute the bending stress in the same manner 
as previously executed in the case of the 
centrifugal stress. All the boundary conditions 
in this case are the same except for the bending 
force on the blade. 
The notable difference in the boundary 
conditions is the introduction of the bending 
force acting on the blade. The analysis setup; 
including the geometry, material properties, 
coordinate system, and the mesh remain 
identical. Figure 10 is a depiction of the bending 
force applied to the turbine blade, with the fixed 
support constraint applied at the region where 
the blade attaches to the rotor section. From this 

we determine the equivalent force exerted by 
the steam jet impinging on the blade’s surface. 
 

 
 
 
3. RESULTS 
 
Figure 11 is a depiction of the equivalent (Von-
Mises) stress distribution and total deformation 
in the model; the results of the numerical 
computation of centrifugal stress. The color 
scale indicates the stress values, ranging from a 
minimum of 0,00 MPa to a maximum of 45,33 
MPa. The areas with higher stress 
concentrations are highlighted in red and 
orange, while the lower stress regions are 
highlighted in blue and green. Figure 12 is a 
depiction of the bending stress and the 
associated total deformation force on the blade. 
The maximum bending stress experienced by 
the steam blade is 52,80 MPa. The comparison 
is given in the table 5. 

Figure 10. Equivalent force exerted by the steam 
jet impinging on the blade surface 
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Table 5. Comparison of analytical and 

numerical results 

 Analytical Numerical % 
difference 

Centrifugal 
stress, MPa 45,50 45,33 0,38 

Bending 
stress, MPa 50,65 52,80 4,07 

Total, MPa 96,15 98,13 2,02 
 
 

 

 
CONCLUSION 
 
The analytical technique yielded a total stress of 
96,15 MPa, arrived at by summing up the 
centrifugal stress and bending moment stress 
caused by the impingement of steam jet on the 
blade. The total stress registered by the 
numerical technique is 98,13 MPa, slightly 
higher than the analytical results. The 
discrepancy in the computation of total stress by 
these two techniques represents 2,02% 
difference.    
The resulting discrepancy, even though slightly 
significant, underscores the importance of 

Figure 11. Centrifugal stress and associated total deformation 

Figure 12. Bending stress and associated total deformation 
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blade. The total stress registered by the 
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The resulting discrepancy, even though slightly 
significant, underscores the importance of 

Figure 7. Centrifugal stress and associated total deformation 

Figure 8. Bending stress and associated total deformation 

conducting comparative studies. While in this 
case the analytical method offers a simplified 
approach, a computational simulation provides a 
more comprehensive and potentially more 
reliable means of assessing the structural 
integrity and performance of the steam turbine 
blade under realistic operation conditions.  
The difference in the results could be attributed 
to the limited scope of this scientific work, i.e., 
the decision not to incorporate the CFD analysis 
functionality into the static structural analysis 
workflow for purposes of computing the 
bending stress associated with the steam jet on 
the blade. However, the manifesting difference 
is one that is insignificant in the validation of 
the agreement between numerical and analytical 
computation techniques. 
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