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Abstract

The general trend now in all countries of the world and all sectors is
to achieve sustainability. One of how this sustainability can be
achieved is to develop and improve the properties of raw materials,
and in the field of turbine-powered power plants, sustainability must
be achieved in light of the global crisis facing the energy sector, in
this study, which aims to study the effect of angular torque on
Mechanical properties of turbine blades, so that we can develop and
improve the properties of those blades Angular torque is very
important in turbine blades because it drives the turbine to rotate.
Angular torque results from a force acting on a rotating body. In the
case of turbine blades, the force of the gas flow produces angular
torque. Turbine blades typically consist of thin, curved metal sheets.
When gas passes through the blades, it exerts a force on the blades.
This force forces the blades to rotate around its axis the greater the
angular torque it produces. The greater the angular torque, the faster
the turbine rotates. This study provides a mathematical model to
calculate the angular torque resulting from turbine blades. The
model was used to study the effect of various factors on the angular
torque, including the gas flow speed, the shape of the blades, and
their mechanical properties. Then, a simulation was run using the

1 Copyright © ISTJ i gina aoball (38
A1) 5 o lall 4 oall Alaall



http://www.doi.org/10.62341/lsas5310
mailto:lutfyaalmagguz@gmail.com
mailto:s.shanbr@lata.ly
mailto:shenber.suli63@gmail.com

International Scienceand ~ VOlume 35 ) g g ol iyt i

EE:& X;ﬂsjm‘ Part 1 alaal) I_§;I--_—:] %

October 2024 5!

£2024/10 /6 :fuh ddgal) o b ydialy  a2024/9 /5 :fmbh 486l adia) &

ANSYS program to determine the relationship between the angular
torque and the mechanical properties of the turbine blades. The
results indicated a large deviation of the flexible blades and unstable
rotation of the rotating blade systems, due to the coupling effect of
rotation and vibration, where the mechanical properties of
mass/inertia distributions, damping, and stiffness are related to
changes in rotational speed and local deformation in rotor blade
systems, thus, the harmonic balance must occur and the mechanical
properties of the blades be improved.

Keywords: Angular Torque, Mechanical Properties, Raw
Materials, Turbine blades, mathematical model, flow speed,
ANSYS, rotation and vibration, harmonic balance.
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1. Introduction

Angular torque is an important physical quantity and makes a
fundamental difference to many physical phenomena and industrial
applications. It’s also a result of the way things move energy-wise.
It is a Macroscopic production process. It caused an absolute
Industrial Revolution in that close world we could only feel but
never quite reach through technology up to that time or just for once
saw. “Angular torque is the driving force behind any object that
revolves, from a tiny gear to giant wind turbine blades." Determines
the rate of change in angular velocity, causing objects to turn faster
or slower [1]."Energy Transfer Mechanism: It helps to pass energy
on from one object to another using rotation. For example, the
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torque generated by an engine is transmitted through a car's
transmission to its driving wheels, thus making sure it goes forward.
It is applied in numerous practical and engineering fields. Instead of
simple electronics, there are many uses borrowed from the industry.
From tools like wrenches, screwdrivers, hammers, and others to
elaborate machines such as motors, pumps, robots, etc., they all
depend on the angular torque in their operation. It happens that
angular torque changes the direction of movement [2]. As the shaft
turns, so do gears and other components, leading eventually (as
power gets passed down through domestic animals until it finally
produces something useful: wind turbines, hydroelectric turbines
(and to a lesser extent). Even aircraft engines use the principle of
angular torque to convert the kinetic energy in a flowing fluid (wind
or water) into rotational energy. This energy is then used by
generators or heaters, depending on whether it generates electricity
or heat [3]. Turbine blades are made of thin, curved metal sheets.
When gas passes through those blades, it exerts a force on the
blades. This force drives the blades to rotate around their axis. The
stronger the gas, the greater the angular torque it produces. The
greater the angular torque, the faster the turbine rotates. The angular
torque generated by the turbine blades is used to power a variety of
machines, including electricity generators, ships, and aircraft. One
of the most important factors affecting the angular torque in the
turbine blades is the speed of gas flow: the greater The speed of the
gas flow, the greater the angular torque it produces, the cross-
sectional area of the gas: the greater the cross-sectional area of the
gas, the greater the angular torque it produces, the shape and
material of the blades, as the shape of the blades affects the way the
gas interacts with the blades, which affects In turn on the angular
torque they produce, higher-strength materials allow stronger blades
to be created, resulting in greater angular torque. Some of the factors
that affect the angular torque in turbine blades are as follows: H.
Blades shape: Turbine blade manufacturers use a variety of
techniques to improve angular torque in turbine blades. These
technologies include the use of high-strength materials: Using
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Improved Designs: Improved blade design can improve the way gas
interacts with the blades, which in turn increases angular torque.
Improvements in turbine blade angular torque led to increased
efficiency in a variety of applications [4]. Here are some specific
examples of how angular torque is used in turbine blades: Wind
Turbines: Wind turbines depend on the power of the wind to
operate.

When air passes through turbine blades, it exerts a force on the
blades, causing them to rotate. The angular torque generated by the
turbine blades produces electricity. Higher-strength materials allow
for the creation of stronger blades, resulting in greater angular
torque [5]. As mentioned previously, turbine blades consist of thin,
curved metal sheets. These blades are exposed to enormous forces
during operation, including bending, compression, and tension
forces [6]. Therefore, turbine blades must have excellent mechanical
properties, especially flexibility, durability, and strength. Turbine
blades must withstand force, whereas turbine blades must be strong
enough to withstand bending, compressive, and tensile forces.
Hardness, where turbine blades must be hard enough to resist
deformations. Hardness. Turbine blades must be hard enough to
resist wear. The mechanical properties of turbine blades play an
important role in determining their angular stability [7]. The angular
stability of turbine blades is defined as their ability to maintain their
rotation without vibration or deflection [8, 9].The heavier the
turbine blades, the more difficult it is to initiate and stabilize their
rotation, and the greater their bending rigidity. It is difficult to bend
the blades, as excessive bending can lead to a loss of angular
stability. The center of gravity of the turbine blades should be as
close to the axis of rotation as possible to improve their stability,
turbine blades must have excellent mechanical properties to ensure
their angular stability [10].To ensure this stability, the mechanical
properties of turbine blades must be improved through the use of
materials that improve those properties. For, example, composite
materials, such as carbon fiber, can be used to manufacture strong
and rigid turbine blades. And resistance to corrosion, or through the
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mechanical properties of turbine blades can also be improved
through engineering design, and what is meant by angular stability
is the ability of the body to maintain its rotation without vibration or
deflection, or it can be defined as rotational stability or rotational
stability.

Turbine blades are typically made of strong, durable, and corrosion-
resistant materials, such as steel. Steel is one of the most common
materials for manufacturing turbine blades. It is strong, durable, and
resistant to corrosion, but can be heavy. The blades can also be made
from aluminium alloys which are lighter than steel, allowing lighter
turbine blades to be manufactured [11, 12, 13]. However, they are
less strong than steel and can be more susceptible to corrosion. From
Composite Materials: Composite materials, such as carbon fiber or
glass fiber, can be used to manufacture strong, durable, and
lightweight turbine blades. However, composite materials can be
more expensive than metals. There are many methods for
manufacturing blades, including traditional manufacturing methods,
where turbine blades can be made using a variety of traditional
methods, such as casting, forming, or cutting, or advanced
manufacturing methods, where advanced manufacturing methods,
such as 3D printing, can also be used to make turbine blades, and it
depends The choice of material and method for making turbine
blades depends on a variety of factors, including the application in
which they will be used, the cost of production and manufacture,
and the availability of manufacturing materials.

The importance of studying angular torque and its relationship to
the mechanical properties of turbine blades is that it helps to develop
sustainability. strategies From that an achieve economic standpoint,
wind, gas, and aircraft turbines play an important role in the global
economy. Improvements in the performance of these machines can
save energy and reduce costs [12]. From an environmental
standpoint, improvements in the performance of wind, gas turbines,
and aircraft can help reduce carbon emissions [13]. From a scientific
standpoint, studying angular torque and its relationship to the
mechanical properties of turbine blades can provide a better
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understanding of how the work of these machines. This could lead
to new technologies for manufacturing and operating more efficient
turbines [13]. The study aims to understand the relationship between
angular torque and the mechanical properties of turbine blades, in
which the mechanical properties of turbine blades play an important
role in determining their angular stability and efficiency. By
understanding this relationship, researchers can develop techniques
to improve the properties of turbine blades, leading to more efficient
and stable turbines. Improvements in turbine blade manufacturing
can produce lighter, stronger, and more corrosion-resistant blades.
This could lead to more efficient and economical turbines [14]. The
methodology used here is descriptive, simulation, and analysis,
where a mathematical model will be created to calculate the angular
torque generated by the turbine blades. The model was used to study
the effect of various factors on the angular torque, including the gas
flow velocity, the shape of the blades, and their mechanical
properties. Then, a simulation was performed using ANSYS
software to determine the relationship between the angular torque
and the mechanical properties of the turbine blades. The results
indicated significant deflection of the flexible blades and unstable
rotation of the rotor blade systems [15]. Due to the effect of rotation
and vibration coupling, where the mechanical properties of
mass/inertia, damping, and stiffness distributions are related to
changes in rotational speed and local deformation in rotor blade
systems, harmonic equilibrium should occur and the mechanical
properties of the blades improve [16].

2. Overview of the literature review and analysis

Research literature indicates that there is a close relationship
between the mechanical properties of turbine blades and their
angular torque. In general, increasing the mechanical properties of
turbine blades leads to increased angular torque [17]. The factors
that affect the relationship between mechanical properties and
angular torque are the type of material, as some materials have better
mechanical properties than others [18]. For example, composite
materials, such as carbon fiber, have better mechanical properties
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than traditional metals, such as steel. Blade Design Blade design can
also affect mechanical properties and angular torque. For example,
blades with greater curvature can result in increased hardness and
hardness, resulting in increased angular torque. Operating
Conditions Operating conditions can also affect the relationship
between mechanical properties and angular torque [19].In this
section, we will explain through presentation and analysis the
previous studies that dealt with the topic, and present the most
important results they reached.

In a study by [20] they pointed out that their study is to realize that
in 2033, 200 thousand tons of wind turbine blades will have to be
disposed of worldwide. The aim is to compare the sustainability of
different methods of dealing with this waste: landfilling,
incineration with heat recovery; and joint processing in cement
kilns; The method is to use the United Nations Sustainable
Development Goals (SDGs) as a rationale; To achieve this
development, turbine blades must be developed in terms of
mechanical properties to improve the relationship between angular
torque and turbine fins. This has been confirmed by many studies,
including a study (by the National Academies of Sciences ). in
which he pointed out the necessity of using modern technology to
improve the mechanical properties of turbine blades to improve
angular rotation, In their study [21] on angular rotation
optimization, to facilitate accurate estimation of the current angle
required to achieve maximum efficiency of an internal permanent
magnet synchronous motor (IPMSM), they proposed improved
mathematical models for torque and system efficiency. First, an
improved torque and efficiency calculation process was developed
that incorporates the effects of parameter variations, such as
inductance, stator resistance, simultaneous PM flux coupling, and
inverter and motor losses, using a combination of specific analytical
models and practical experiments, and the results indicate an
improvement in angular rotation despite The models were modern,
as they were able to determine the relationship between the
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temperatures of the stator and the rotor and their relationship to the
properties of the turbine blades.

In a study [22] on the factors affecting the relationship between
angular torque, they pointed out that after the rapid development
occurred in turbine technology, especially after World War 11 and
the oil crisis in 1973. Development continued during the twentieth
century, which led to the emergence of turbines of a larger size and
technology. More advanced. Today, electricity generation, energy
problems, and the development of the energy field have become
linked to improving and developing the relationship between
angular torque, and by knowing the factors affecting the
relationship, it can be developed. Among these factors are the cost
of manufacturing, raw materials, improving the properties of those
materials, and engineering design methods. This is the case. Many
other studies have confirmed this, such as the study [23]. which
included The effect of fire engine concentration on the mechanical
properties of turbine blades has a direct effect on angular torque.

in a study by [24] To accurately predict and optimize the behavior
of wind turbine blades, three aspects related to the reliability and
strength of the rotor blades were studied. : (1) establishment
methods for experimental determination of reliable material
properties employed in designing wind turbine blade verifying the
blades, design experimentally models. (2) Developing prediction
models for life expectancy blades, residual strength, and failure
probabilities and (3) analyzing the influence of microstructure on its
strength using Organics developed computer Systems, programs
strengthening materials through optimization to microstructure
effects. The effect of test parameters on the bearing Literary
Requirements Interface properties, as well as other factors related to
the strength and lifespan of wind turbine blade materials, has been
studied and analyzed to improve the performance and durability of
these critical components in wind energy systems.

3. The method and methodology
We will use scientific, analytical, and simulation methodology to
obtain the results of the effect of angular torque on the mechanical
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properties of turbine shafts and the relationship between improving
mechanical properties and improving angular torque. The
methodology here is descriptive, involving mathematical modeling
and simulation. The methodology and method were carried out
according to a set of basic steps described in the practical framework
shown in figure (1).

Figure 1: The practical framework
Source: research results

3.1.  Procedures and method

Studied using micro-mechanical finite element simulations.
A practical and simplified analysis of all the presented studies
highlights the crucial importance of the relationship between
angular torque and the mechanical properties of turbine blades,
making it one of the key factors in improving angular rotation and
stability.

The goal is to create a reliable database and establish solid

10 Copyright © ISTJ il sinae wohall (3 58a
A1) 5 o lall 4 oall Alaall



International Scienceand ~ VOlume 35 ) g g ol iyt i

in??iﬁﬁiifii‘i, Part 1 alaal) I_§“;I--_-:] %

October 2024 5!

£2024/10 /6 :fuh ddgal) o b ydialy  a2024/9 /5 :fmbh 486l adia) &

parameters based on previous research and studies, and develop a
modeling formulation.
The relationship between angular torque and mechanical properties
of turbine blades can be formulated by the following general
formula:

T=f(KSE)
Where:
T: angular torque
K: stiffness (instead of "hardness"”) : Hardness generally refers to
resistance to indentation, while stiffness is a better term for
describing the material's ability to resist deformation under load.
S: strength (instead of "durability™) : Durability refers to the lifespan
of a material, whereas strength describes its ability to withstand
applied forces without failure.
E: elasticity (instead of "flexibility™) : Flexibility can be somewhat
synonymous with elasticity, but elasticity is a more precise term in
mechanics that refers to the ability of a material to return to its
original shape after deformation.
The relationship between angular torque (T) and the stiffness (K) of
turbine blades, considering the blade radius (r) and angular velocity
(), can be expressed as:

T=K=x*r *0?
Where:
T: Angular torque
K: Stiffness of the turbine blade
r: blade radius
Q: angular velocity
This equation illustrates how angular torque is influenced by the
stiffness of the blade, its radius, and the square of the angular
velocity. As either r or Q increases, the angular torque T will
increase, assuming K remains constant.
In general, the relationship between angular torque and mechanical
properties of turbine blades can be expressed as follows:
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T=f(K,SE)=K=*f(r2)*f(SE)
Where:
f(r,22): A function that depends on the blade radius and angular
velocity.
f(S,E): A function that depends on strength and elasticity modulus.
General formula: f(S,E) represents the combined influence of
strength and elasticity modulus.
The function f(S,E) can be formulated as follows:

f(S,E) =ax*SP«E€
Where:
a : constant of proportionality
b : impact factor of strength (or toughness)
c : impact coefficient of elasticity
The coefficients can be obtained from laboratory results or previous
research to formulate the second-degree relationship, use numerical
approximation methods, and formulate them in the Python
language.
The function f{(r, Q) can be formulated as follows:

fr,2) =axrbxQ°
Where:
a: constant of proportionality
b: impact coefficient of blade radius
c: Impact coefficient for angular velocity
Conduct a Simulation
Computer modeling software can be used to create a 3D model of
the turbine blade. This model can then be used to calculate the
expected angular moments, taking into account the material
properties and operating conditions.

4. Results and discussion

According to Figure (2), the relationship between angular torque
stress and stiffness is clear through the simulation: the more rigid
the turbine blade, the greater its ability to withstand angular torque
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stress. The angular moment stress is the force applied to the turbine
blade that bends it, resulting from the stream of hot gases.
Furthermore, according to Figure (2), it is evident that the
relationship between angular moment stress and deformation in the
turbine blades is a direct one. The greater the angular moment stress,
the greater the deformation in the turbine blade [25, 26].

.
X
0.045

Figure 3: Deformation of the Rotor Blade [31]
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To provide you with an equation for the relationship between
angular moment stress and deformation in turbine blades, it
typically depends on the material properties and the geometry of the
blade (Figure (3)). A common formulation in mechanics is the
following:

Where:

o : is the stress (angular moment stress) in the turbine blade,
M : is the applied moment (torque),

I : is the moment of inertia of the blade's cross-section,

r : is the distance from the center of rotation to the point where the
stress is being calculated.

Alternatively, if you are looking for an expression relating stress and
deformation (strain) based on Hooke's Law, it can be expressed as:

o=F=x* €

Where:

E : is the modulus of elasticity,

€ : Is the strain (deformation per unit length).

The flexibility in the turbine blades also helps stabilize the angular
rotation and thus prevents the blades from deforming [27].
According to Figure (4), as the speed increases, the force applied to
the body is directly proportional to the angular velocity. This means
that the torque will also be directly proportional to the angular
velocity, and thus the torque stress is directly proportional to the
speed. We notice an increase in the stress when the number of turns
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of the blade increases from 10,000 revolutions to 100,000
revolutions. The stress increases by 20%.

m 1000 m=10000 = 100000 m 10000000 m 1000000
Rotational speed

500
400
300
200 Stress
100 1000000
0 100000
00 50 g » 1000
1000

Figure 4: Amplitude of angular velocity change
Source: research results

Young's modulus is a property of the material that determines its
hardness, as it indicates the amount of force that can cause the
material to bend or deform. There are two types of deformation:
elastic deformation, which is a change in the shape of the material
that can be reversed. When the stress ends, elastic deformation
returns to its original shape, or permanent deformation, which
means a change in the shape of the matter that cannot be reversed.
When the stress is over, permanent deformation remains in the
material. In the case of turbine blades, deformation is a change in
the shape of the turbine blade as a result of the application of angular
moment stress. Deformation can cause the turbine blade to bend or
even break [28]. According to Table (1) and Figure (6), it indicates
that as the rotational speed increases, the angular torque increases
when the diameter of the blade and its hardness factor remain
constant. Therefore, stiffness must be increased and improved so

15 Copyright © ISTJ i gina aoball (38
A1) 5 o lall 4 oall Alaall




International Scienceand ~ VOlUuMe 35 aaxd) g g ol iyt i

Jemobgoural - Part 14 e g 2

October 2024 s

£2024/10 /6 :fuh ddgal) o b ydialy  a2024/9 /5 :fmbh 486l adia) &

that we can enhance the power resulting from the angular torque, as
the relationship between angular velocity and constant torque is a
direct relationship. The greater the angular velocity, the greater the
torque.
The relationship between angular velocity and torque can be
expressed by the following equation:

T=I* w

Table 1: The relationship between stiffness and angular moment

Angular moment n*m Angular velocity rpm
20000000000 1000

5E+11 5000

2E+12 10000

4.5E+12 15000

8E+12 20000

1.8E+13 30000

Source: research results
m 1000 m 10000 100000 m 1000000 m 10000000

Cyclic Stress

500
400
300
200
100 10000000
0 100000
600- 400- (0. 1000

Angular velocity

Figure 5 : Cyclic stress with change in angular velocity
Source: research results
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According to Figure (5), as the speed increases, the force applied to
the body is directly proportional to the angular velocity. The cyclic
stress on the turbine blade increases. The stress increases by 25%.
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Figure 1. The relationship between stiffness and angular moment

Source: research results
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Figure 7: The relationship between stress and strain in metals
Source: research results
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According to Figure (7), it is clear that flexibility and rigidity are
closely related, but they are not synonymous. A material can be
flexible but not rigid, and it can be rigid but not flexible. In general,
more flexible materials tend to be less rigid. For example, rubber is
very flexible but not very rigid, as stiffer materials tend to be less
flexible. For example, steel is very hard but not very flexible.

5. Conclusions

To achieve sustainability in the field of energy, especially related to
turbines, it is necessary to improve the relationship between the
angular torque and the mechanical properties of the turbine blades
Improvement processes should not be limited to mechanical
properties only, but rather include improving physical properties as
well. It becomes clear the importance of the relationship between
angular torque and the mechanical properties of turbine blades, and
that it is one of the most important factors related to improving
angular rotation and stability. Hardness is the resistance of a
material to deformation. Stiffness determines the amount of force
that can cause a turbine blade to bend. In general, the stiffer a turbine
blade is, the greater its ability to withstand angular moment stress
without collapsing. This is necessary to ensure that the turbine
blades remain intact during operation [29].

Deformation can cause the turbine blade to bend or even break.
Therefore, the stiffness of the turbine blades must be improved to
avoid any deformation that ultimately leads to the blades breaking
[27]. the rotational speed increases, the angular torque increases
when the diameter of the blade and its hardness factor remain
constant. Therefore, the hardness must be increased and improved
so that we can increase the power resulting from the angular torque,
and the flexibility in the blades increases. The turbines help stabilize
the angular rotation and thus prevent the blades from deforming
[28].

The relationship between elasticity and hardness depends on the
properties of the material, such as the type of material, its
composition, and temperature [30].
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