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ABSTRACT

SP Peening (SP) and Ultrasonic Peening (UP) treatments with fatigue interaction
were studied for 7075A-T6 Aluminum alloy under room temperature (RT) and

stress ratio R = -1.

Experimental mechanical properties and fatigue behavior of the above alloy were
obtained for different conditions of SP & UP surface treatments. The fatigue
endurance limit was increased by 3.46% for UIP and 8.57%for SP.The fatigue life
were enhanced by 35% for UIT and 54% for SP.

Constants fatigue behavior for the mentioned treatments have been also
determined. constant as-received metal. Cumulative fatigue damage testing were
carried out for two steps loading and it is observed that the fatigue life for LP and
UP treated specimens were improved compared to the unpeened results. Two
proposed cumulative non-linear models were presented one for SP and other for
UP. The proposed models give a good correlation with the experimental fatigue

lifetime. The proposed models gave better and conservative prediction of lifetime.
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CHAPTER ONE
INTRODUCTION

1.1 Introduction

In the world around us, engineered components have numerous and often
exacting applications. It has been found experimentally that when a material is
subjected to dynamic stresses, it fails at stress below the yield point stresses; such
type of failure of a material is known as fatigue. The failure is caused by means of
a progressive crack for motion which are usually fine and of microscope size. The
failure may be occur even without any prior indication. If the stress is kept below a
certain value, the material will not fail whatever may be the number of cycles; this
stress is known as endurance limit. This study light on the effective modern means
to prolong fatigue life, Such Shot peening and Ultrasonic techniques which will be
selected to enhance the mechanical properties and fatigue resistance of 7075A-T6

aluminum alloy.[1]

It has been found experimentally that a material fails at stresses below the yield
point stresses, when it is subjected to repeated stresses. That type of failure of a
material is known as fatigue. The failure is caused by means of a progressive crack
formation which are usually fine and of microscopic size. The failure may occur
even without any prior indication. The fatigue of material is affected by the size of
the component, relative magnitude of static and fluctuating loads and the number
of load reversals. If the stress is kept below a certain value, the material will not

fail whatever may be the number of cycles . This stress is known as endurance or



fatigue limit. It is defined as maximum value of the completely reversed bending
stress which a polished standard specimen can withstand without failure, for

infinite number of cycles (usually 107 cycles) [1]

By various ways, shot peening (SP) and ultrasonic effect penning can be
introduced into the surfaces of engineered components with residual compressive
pressures (UIT). Both treatment processes incorporate real residual stresses by
introducing major residual stresses in both treatment processes by plastically
deforming the surface layers, by means of hard round bead bombardment in the
casing of shot peening . In the past, shot peening was the most effective and
commonly used way of producing Compressive Residual stresses (CRS) in the
surface layers of engineered components. In general, shot peening is relatively
inexpensive, uses effective and thus reliable process equipment and, when
necessary, can be useful in separate size areas. SP method, however, has its
limitations. The shot peening method is semi quantitative in limiting the degree of
production of compressive stresses. In versatile metals such as aluminium alloys,
the residual stresses caused by the shot peening process are often constrained in
depth and do not normally exceed 0.25 mm, The method for shot peening is to be
done on rough surfaces during treatment, mostly in softer metals[2]. It is typically
important to eliminate this caused roughness before these components can be
placed into operation. In addition, the efficiency of the treatment to eliminate this
roughness tends to remove much of the residual compressive stress layer caused in
the part. Fatigue is described in this work as a crack or damage to a complex bad
structure or part. Harm can be defined as localized deformation of plastic
contributing to the creation of cracks. Approximately 90% of mechanical failures
is practically fatigue failure. AA7075-T6 aluminum alloys are commonly used in

the aerospace and AA7075-T6 has low material cost for the automotive industry,



high strength , good resistance to corrosion and general [3] Most machine parts
are exposed to cyclic loads in functional sector. If the stress amplitude varies over
time contributes to loss known as accumulated fatigue damage (CFD). In other
words, this kind is named (CFD) when fatigue tests are conducted under variable
amplitude loading [4]. Surface treatments such as shot penning (SP) or ultrasonic
impact penning (UIP) have been performed to improve cumulative fatigue life.
Several researchers have demonstrated that SP and UIP have increased the

cumulative fatigue life for aluminum alloys [5].

1.2 Research Problems

Fatigue failure is one of the most common types of failure for engineering
parts that are subjected to variable loads, and because aluminum alloys are used in
aircraft structures, missiles, and other air equipment that is constantly subjected to
variable amplitude loading , surface enhancement technologies, which are used to
improve the properties of components including fatigue, are required. Among
these advances in surface improvements, SP is a popular and commonly used
method that has long been used in airplane segments to maximize fatigue
efficiency of components. UP is a test developed late and is being studied in this
report. Due to its precise position and reliable operation , In spite of the fact that it
costs more than shot peening due to its low output volume, shot peening and
ultrasonic peening can be applied to various airplane parts, such as fuselage,
cutting edges and wing, with great repeatability and durability. Shot peening due
to its low production rate. Ultrasonic peening induces deep compressive residual
stress in the surface layer by plastic deformation occurs in the surface layer, this
prevents cracks or stop their growth, then increases fatigue resistance and increase

the life of the functioning



1.3 Research Significance

Technologies to strengthen the surface that essentially modifies the surface
properties of components that use a wide variety to enhance the component's

properties, including fatigue, between these technologies:

1. Ultrasonic peening on the metal surface used , it is a moderns techniques
that apply of most often on a limited area and produces surfaces , and also
can be used to surface treatment of engineering components in their original
positions.
2. Shot peening, which is a traditional and popular process, can be used to
harden metallic surfaces, such as aluminum, and creates residual stress
layers to maximize the mechanical specifications that can be studied during

this discovery.

1.4 Research Objectives

1. Study the effect of surface treatment for the Aluminum alloy 7075 -
T6 by shot and Ultrasonic peening after that comparison each other
and with original metal.

2. To obtain the optimum case for improving the surface properties
mechanical and fatigue behavior to help the designers and workers
in this field.

3. Compare between the two surface treatments technique and to
reach the best of enhancement.

4. To propose mathematical model describes the behavior of fatigue

optimize at these two techniques.



1.5 Methodology

A- Theoretical part

1. Survey of modern research in shot peening and ultrasonic to improve

fatigue life for metals and aluminum alloys.

2. Survey of mathematical models describes the behavior of fatigue for Al-

alloy, and put propose mathematical model.

B. Practical part

l.
2.

Manufacturing of fatigue test specimens.

Conducting chemical tests to find out the chemical composition of
AA7075-T6 Al-alloy.

. Manufacturing required specimens for tensile tests.

Tensile tests.

. Fatigue tests with constant and variable stress without any treatment

(shot or Ultrasonic)

Fatigue test with constant and variable stress after treatment by shot
peening and ultrasonic peening respectively.

. Application of proposed model to shot and ultrasonic peening

cumulative testing.

. Comparison between mechanical properties and fatigue behavior

AA7075-T6 under Shot & ultrasonic peening.



