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Abstract:

The current experiment examines the fatigue life of an aluminum alloy that has been heated to

two distinct temperatures. This temperature is both above and below the aluminum alloy's recrystallization temper
ature.The specimen is an aluminum alloy that may be purchased commercially. It is annealed, put through tensile
testing, and its fatigue life is calculated. The specimen’s failure at various applied stresses is identified, and the nu
mber of cycles till failure is recorded.As technology has advanced and more equipment, including cars, planes, co
mpressors, pumps, turbines, etc., are subjected to frequent loading and vibration, fatigue has grown more and mor
e common.Because of the rubbing action, a fatigue failure is typically identified by the look of the fracture surfac
e, which displays a smooth zone[1].We have annealed aluminum alloy in the recovery region both above and
below the recrystallization temperature in our experiment. The specimen was subjected to tensile testing in
INSTRON 1195. The test’s results indicate that the yield strength of the It was discovered that the
recrystallization temperature of aluminum alloy was lower than that of Temperature of recrystallization[3]. The
specimen fails at an extremely high rate in this instance[14]. Of cycles. This is roughly 105 in size.This quantity
of cycles diminishes with the Applied strain. The specimen would fail at a decreasing rate as the load increased.
Of cycles. The alloy in question breaks down after many cycles. Furthermore, there is no endurancerestriction
Acquired from this source.Therefore, a large number of cycles and a reduced yield stress are needed for the use of
this alloy[2]. There are numerous applications for this aluminum alloy. Gas pipes, oil tanks, pistons, aircraft
applications, etc.

1. INTRODUCTION

Since 1830, it has been known that a metal would break at a stress significantly lower than that needed to cause fr
acture on a single application of load when it is subjected to recurrent or fluctuating stress[4].Failures that take pla
ce when there is dynamic loading are referred to asfatigue failures, most likely due to the fact that these failures ar
e typically found to occur onlyfollowing a substantial amount of service[13].There has been an increase in the pre
valence of fatigue.As technology has advanced, more machinery, including cars, has been created.airplanes, turbi
nes, pumps, compressors, and other machinery that is frequently loaded and vibrated. These days, it's common kno
wledge that at least 90% of service failures are caused by weariness.because of mechanical reasons[5].

Structural Features of Fatigue Failure

Because there is no outward sign of fatigue failure, it is especially sneaky.Fatigue causes a fracture that seems brit
tle and does not exhibit significant deformation at the fracture site[12].The fracture surface is often normal to the
direction of the fracture on a macroscopic scale.primary tensile strain.Usually, one can identify a fatigue failure b
y its appearance.the rubbing motion as the fracture surface, displaying a smooth area.a rough area where the mem
ber collapsed and a crack that spread throughout the section[11].When the cross section could no longer support t
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he weight, it did so in a ductile way[6].Often progression of rings, sometimes known as "beach marks," indicates
how far along the fracture is.from the location where the collapse first occurred, inward.Observe that the smooth
surface denotes fracture propagation, whereas the rough surface suggests brittle failure. Beach markings and
striations are further characteristics of a fatigue fracture[7]. Beachmarks, also known as clamshell marks, are
observed in fatigue failures of materials that are used for a while, rested for a corresponding amount of time, and
then loaded again, much like in factory usage[15]. Striations are believed to represent stages in the propagation of
cracks, where the stress range determines the distance. There could be thousands of striations on a beachmark.
Figures 1 and 2 below provide visual examples of beachmarks and striations[8].

Origin of
frocture

Fig:1 and 2:- Visual examples of beachmarks and striations.

The reasons behind tiredness failure:-

Fatigue failure requires the presence of three fundamental components. These are:
* A high enough maximum tensile stress;

* A significant enough variable or fluctuation in the applied stress; and

* A sufficiently high number of stress cycles applied.

The circumstances for fatigue can also be affected by a wide range of other factors, including residual stresses,
combined stresses, temperature, metallurgical structure, overload, corrosion, and stress concentration[9]. Given
that we still lack a comprehensive comprehension of the factors that lead to metal fatigue, it will be essential to
talk about each of these elements primarily from an empirical perspective[10].

2. EXPERIMENT WORK
. PREPARING THE SPECIMEN:-

A sample sheet measuring 1 foot by 170 mm was taken. It was divided into two tensile specimens and two fatigue
specimens of the appropriate size.

For tensile specimen
Length= 101 mm
Thickness=7 mm
Breadth=11mm
Gauge length= 26 mm
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Fig:3:- Specimen of the Test

Fatigue specimen was made of the size
Length=171 mm

Breadth=53 mm

Thickness=7 mm

Notch size= 14 mm

° Finishing of specimen:-
The specimen was first sliced using a power hacksaw. A milling machine was then used to finish the sample. The
milling machine produced a nicely finished example. The specimen was smoothed with a belt grinder.

Annealing of the sample:-
Then, this specimen was annealed in a furnace at a temperature that was 150 °C below the recrystallization
temperature and 200 °C above it.

Tensile Testing:-

In order to determine the specimen’s tensile strength, this was done. INSTRON 1195 was the location of this
test.A fatigue test was conducted using the data that was obtained. This machine yields the sample's yield
strength. Additional pertinent data is also acquired.Instron 1195 tensile strength tester: Applications: bending,
compression, and tensile tests in the —196 to 1600 °C temperature range; Type: mechanical tensile strength tester;
Maximum force: 50 KN compression, 100 kN tensile; Speed: 0.05 to 50 mm/min;
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Fatigue Testing:-

Following yield stress computation, the specimen would be processed in INSTRON 8502.The material's fatigue
life is known in this case. The machine's fatigue strength is determined by counting the cycles until the material
fails. This machine is an electromagnetic resonance device that can load 49.9 kN dynamically and 99.99 kN
statically. equipped with a DCPD system that collects data using a PC. In this test, the specimen'’s fatigue life was
measured at two distinct temperatures: one above the range of recrystallization and the other below it in the
recovery range. It was discovered that the temperature at which aluminum alloy recrystallizes is 0.49 tm.
Recrystallization temperature was determined to be 200 since the melting temperature of aluminum was found to
be 666.

Instron 8502 Servo-Hydraulic Dynamic Testing System

Fig:4:- Instron 8502 Machine
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The specimen's fatigue life is computed in this machine. 90% of the material's yield stress is the load that is being
applied here.

3. RESULT & CONCLUSION

The sample of aluminum alloy was first annealed at two distinct temperatures—above and below the temperature
of recrystallization. This specimen is put through a tensile test in INSTRON 1195.Table 1 tabulates the collected

tensile data.

FINDINGS FROM TENSILE TESTINGS:-

Table-3.1

Annealed Specimen at

Above Recrystallisation

Below Recrystallisation

Temperature 200 °C 150 °C
Youngs Modulus(MPa) 5699 1149
Stress at 0.2% Yield (MPa) 1.282 9.081
Stress at Break (MPa) 60.49 44.75
Energy to Yield Point (J) 0.5550 4.9350
Energy to Break Point (J) 49.43 52.10

THEORETICAL DATA FOR FATIGUE TESTING:-

The fatigue test is completed after this one. At a stress value of roughly 90% of the yield stress, this is carried out.
About this high stress value was given to the specimens that were obtained.
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Table-3.2
Life
Maximum Load
70%Y S 5.3 x 10"6 5.8 x 106
80% YS 7 x 1015 7.6 x 1075
90 % YS 8.7 x 10M 1.05 x 1075

According to the results of our experiment, annealing this aluminum alloy causes variations in the tensile data.
Our project's outcome can be summed up as

1. The Al alloy's yield strength is higher below Tr (the recrystallization temperature) than it is above Tr.
2. There is less cycle difference
3. Ahigher applied load during a fatigue test would cause a higher number of failure cycles.

4. The literature review informs us that, because to Al's high stacking fault energy, there is a greater cycle
difference in Cu than in Al.

Different heat treatment conditions are the cause of this discrepancy. This alloy may be used in applications
requiring lower temperatures for annealing. The alloy is stronger as a result of this lower temperature. Thus, the
ideal alloy treatment temperature is lower.appropriate. Additionally, when using this aluminum alloy, we must
consider the amount of cycles before the specimen fails. The alloy in question exhibits several cycles. Here, too,
there is no endurance limit reached. Thus, a great deal of this alloy's usage cycles as well as a reduced yield stress
are necessary. This alloy of aluminum can be utilized in a many applications. The use of aircraft, gas pipelines, oil
tanks, pistons, etc.
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