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ABSTRACT

Aluminum alloys are being utilized increasingly often in the automotive,
transportation, marine, and aerospace industries. Due to their superior strength,
resistance to wear, and fatigue resistance, The main goal of this study is to obtain
experimentally the fatigue life of the selected alloy under different conditions
fatigue life under elevated temperatures and variable loading the mechanical
characteristics of AA7001-T6, including ultimate tensile stress (UTS), yield stress
(YS), Young modulus (E), and ductility, the reduction percentages were recorded
to be 37%, 37.2%, and 24% respectively while the ductility increased by 28.57%.
Fatigue interaction have a large effect on fatigue strength and life. The endurance
fatigue limit was recorded to 208 Mpa at 25°C and reduced to 184 Mpa at 330°C,
about an 11.5% reduction occurred. Shot peening reduced the percentage to 32.2%
and 36.7%, respectively. Shot peening treatment increased the improved fatigue
limit at 330 °C from 217 MPa to 229 MPa, 5.24% improvement. The endurance
fatigue limit (fatigue strength) was found to be 229 MPa at RT, but it increased to
237 MPa as a result of SP 3.37%. The cumulative fatigue damage under rotating
bending loading and the stress ratio R = -1 were calculated. The experiments were
carried out at (25°C), (330°C), and (SP+330°C), respectively. Use a modified
damage stress model that has been developed to account for damage at different
load levels to forecast the fatigue life under high temperatures. the output of the
model was compared to experimental results as well as to an output from the
fatigue damage model that was used to determine the greatest damage (Miner's
rule). The results of the two models one for low-high loading and the other for

high-low loading were suitable for extending fatigue life.
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Chapter One Introduction

CHAPTER ONE
INTRODUCTION
1.1 Preface

Aluminum alloys have been increasingly popular in recent years because of
their great corrosion resistance and excellent weight-to-strength ratio. Wrought
aluminum alloys are particularly popular in the aircraft, automobile, marine, and
construction industries. Despite aluminum alloys' very strong corrosion resistance
in chloride environments, localized corrosion does occur on occasion. Further
surface treatment and protection of machine parts is necessary to extend their
service life. Shot peening impact treatment has received a lot of attention in recent
years due to its ability to increase both mechanical properties and corrosion

resistance [1].

At high temperatures, the fatigue behavior of aluminum alloys is
investigated. Fatigue failure is a common failure mode when a cyclic charge is
applied to the machine element. Aluminum alloys have been widely employed in a
variety of sectors, including transportation, aviation, and minor manufacturing, due
to their non-corrosive characteristics and lightweight. The fatigue strength of the
aluminum alloy 2024-T4 at higher temperatures is found to be diminished by a
factor of 1.2—1.4 when compared to its dry fatigue strength. At both low and high

temperatures, this aluminum alloy's fatigue behavior is studied[2].
1.2 Aluminum and Aluminum Alloys

Materials are now more effective than they were decades ago, and new
forms have significantly advanced science and technology. Without the application

of increasingly effective materials, advances in physics and technology are
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challenging. Researchers are always learning about, investigating, and
experimenting with new, cutting-edge materials in the field of technology.
Additionally, the requisite scientific investigation into the aspects influencing and
improving mechanical qualities has been conducted [3]. The strongest alloys are
commercial heat-treatable aluminum alloys from the 7xxx class, which have the
maximum strength among them. It also has a passable resistance to corrosion.
Aircraft manufacturing companies have a significant demand for this alloy for
structural components and other highly stressed applications [4]. it has become
increasingly important to enhance these alloys' mechanical characteristics.
Actually, this has been accomplished by a number of studies in this field. By
combining several nanomaterial’s in specific ratios, With the anticipated increase
in aluminum use in various applications where high strength and low weight are
required, improving wear resistance is now urgently needed [5]. One of the
aluminum alloys with silicon and magnesium is called A6061. Plates, circular bars,
and pipes are the most common shapes of A6061. Light structures, machine parts,

rail transit parts, and airplane structures are all frequently made with it [6].
1.3 Fatigue

Fatigue is defined as the gradual loss of a material or structural
component's strength, allowing failure to occur at significantly lower stress rates
than the ultimate load. An estimated 90% of all mechanical service failures are
attributed to fatigue. As we've seen, fatigue is a complicated phenomenon that
starts as tiny (micro) cracks in a material or component and leads them to grow
into much larger (macro) fissures; if they are left unnoticed, they could cause
catastrophic failure. Damage to tiredness may be caused by a variety of factors.
Cyclical fatigue is brought on by often fluctuating loads. Corrosion fatigue is a

type of fatigue brought on by internal corrosion that permeates the material's

2
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surface and reduces structural strength. Thermal fatigue is brought on by stress
variations brought on by thermal expansions and contractions, whereas fretting
fatigue is induced by little rubbing motions and the abrasion of nearby

components[7].
1.4 Fatigue Interaction

All Engineering Components exposed to increased loading temperature and
may be sensitive to damage effects in quasi-static loadings and to damage effects
in cyclic loadings. All metallic materials and polymers share this characteristic.

According to the lifespan, these impacts can be divided into

e Short-range impacts in rocket components where the lifetime is a few
minutes or in the metallurgy of coating the steel ladles steel fabrication with
a lifespan of only 200 to 500 service hours.

e Medium-range effects in gas turbines found in automobiles or airplane
engines with lifetimes of between 5000 and 10,000 hours.

e large-scale effects in the chemistry sector and in thermal or nuclear power

facilities with lifetimes of between 10 and 50 years[8§].

The majority of engineering components that operate at high temperatures
under cyclic loading fail due to a complex process that includes not only fatigue
but also creep and the influence of hostile surroundings. These procedures
might function alone or jointly. While fatigue damage is brought on by cyclic
stress and is predominantly influenced by time-independent plastic strain, creep
damage is a time-dependent process that is primarily influenced by the
component's history of applied stress and temperature. When the two damage

factors cooperate, there is a creep and fatigue interaction[9].



Chapter One Introduction

1.5 Shot Peening

Shot peening is a cold work technique that incorporates residual
compressive stresses of materials on the surface to reinforce mechanical properties.
With enough force, a shot of glass, ceramic, or metallic rounding is fired,
deforming the specimen's surface in a way known as plastic deformation. The
remaining compressive stress is produced in a peened surface by plastic
deformation, tensile stress, and internal tension. As the tensile stress on the surface
is not a significant problem, the tensile stress within the component is not a
significant issue because cracks typically do not begin in the interior. In aircraft
repair, shot peening is necessary to alleviate tensile stresses created during the
grinding process and swap them out for advantageous compressive stresses. Shot
peening will extend fatigue life by 0—-1000%, depending on the part's material
composition, geometry, and shot material type. Shot intensity, shot quality, and

shot coverage depends on the type of material used for the part[10].
1.6 Problem Statement

In view, the exposure of aluminum alloys to high temperatures during
their use affects the mechanical properties of these alloys and thus loses their
service life, and to extend this life only, use (Shot Peening) as a means to improve

the surfaces of this alloy and thus increase its operational life.

1.7 Objective of the Research

The main goal of this study is to obtain experimentally the fatigue life of the
selected alloy under different conditions fatigue life under high temperature and

variable loading.
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1.8 Thesis Outline:
This thesis consists of six chapters they are :
¢ Chapter One: Introduction

This chapter explains the general concepts of the whole project and the aim of the

study.
¢ Chapter Two: Literature Survey

This chapter introduces the literature review on fatigue, the summary of this

literature, and the position of the current research from previous studies.
¢ Chapter Three: Theoretical Considerations

This chapter presents the theoretical concept, some fatigue theories, and models,
the proposed damage model of the present work, and a summary of theories and

models.
¢ Chapter Four: Experimental Work

This chapter illustrates the plan of the work, the description of specimen geometry,

and the mechanical properties of the materials used.

Chapter Five: Results and Discussion

This chapter contains the experimental and theoretical results and their discussion.
¢ Chapter Six: Conclusions and Recommendations

This chapter reveals the important remarks of the project and suggestions for future

work.



