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Introduction
1. What is fatigue?
Fatigue is a condition in which metals begin to fail after being exposed to improper load conditions. Mechanical Components can suffer fatigue due to excess loads, too many deflections, or extreme temperatures. (toolingu.com) 
Fatigue is the result of the deterioration of a component due to repetitive use and application of loads.
2. Can we realize fatigue of a material?

Fatigue can be dangerous since it occurs at loads smaller than those that cause fracture. Besides, it happens without any warning. A crack forms without appreciable deformation of structure making it difficult to detect the presence of growing cracks. Fractures usually start from small cut or scratches or fillets which cause a localised concentration of stress. (metals.about.com)

“A fatigue failure can usually be recognized from the appearance of the fracture surface, which shows a smooth region, due to the rubbing action as the crack propagated through the section, and a rough region, where the member has failed in a ductile manner when the cross section was no longer able to carry the load.” (lecture)
3. What affects the fatigue life of a material?

Several factors can lead to failure or affect it including size, shape and design of the component, and the condition of the surface or operating environment (high temperature…). Moreover, the type of applied loads can increase or decrease the fatigue life of a material. The load may be axial tension, bending, torsion, or combined. The periods of loading also plays a role, whether it is continuous or periodic; is it reversible, repeated, fluctuating, or alternating? It is a function also of the material itself: the material’s structure, composition, directional properties and notch sensitivity. 
So, by determining the fatigue of a certain material, we are determining the number of cycles a component can withstand under certain conditions before failure. 

Problem Approach
In this experiment, we aim to study the fatigue life of aluminum before fatigue failure. To do so, we should use a fatigue testing machine. There are several types of machines. Most of them work on the principle of applying a bending force on the specimen causing the largest load on its middle. 

In our case, we used a machine built by an AUB student. The test specimen is placed in its appropriate position on the fatigue tester between two bearings. A load of 30kg is fixed on the specimen. The motor rotates the specimen at a constant rotational speed (in our case:2800rpm) until failure. We record the time (number of cycles) to failure.

To make the testing easier, we perform a notch on the specimen to have a stress concentration area which will decrease the time needed until failure.

Calculations
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So: 
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Δσ= σmax- σmin= 216MPa

σa= Δσ/2= 216/2 =108MPa
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To find Kt, we use the graph of fig.1: 
D/d=9.6/8.5=1.13

r/d=1/8.5=0.12

From graph: Kt=1.71
In the curve of fig.2:

r=1mm, then q=0.55

To find Kf:

Kf = 1+ (Kt -1)q=1+(1.71-1)(0.55)=1.391
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Then, 
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Life cycles: N=Ω*t=2800*5.25=14700

Conclusion
If we use fig.3, we find that the aluminum used is a sand cast aluminum. (Refer to fig.4 in appendix) If the aluminum specimen used was not notched, σmax would be 77 MPa as calculated earlier. So, from fig.3, we find that the life of the specimen would be 500000 cycles. If we divide it by the rotational speed of the motor used, we will get: 
[image: image12.wmf]min

6

.

178

2800

500000

=

=

time


So, the notch we performed decreased the life of the specimen since cracks propagated easier.

Appendix
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(Grom: machinedesign.com)
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