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1) Objectives:
This lab is designed to determine the fatigue life of a material to see how much it holds before it reaches the fatigue fracture. In addition, the material can be notched before fixing it in the machine to see the effect of the notching on the fatigue life of the material.

2) Problem Approach:

Fatigue of Mechanical Components (An Introduction):


Fatigue of mechanical components is the structural damage that occurs when a material is subjected to continous stress of tansion and compression that have maximum values less than the static yield strength of the material.


Fatigue failure happens without warning is is sudden and total.Fatigue failure happens in three stages:

· Stage 1: Formation of microcracks due to cyclic defromation.

· Stage 2: Microcracks increease to become macrocracks and have linear ledges.

· Stage 3: The material can no longer support the load and has fatigue fracture.

In the figure below notice the followiing of the fracture of bolts:

· Fatigue failure starts at A.

· Failure propogates gradually across B.

· Rapid fracture around C.
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Apparatus Settings:

· Machine: An AUB- built fatigue testing machine which was designed to load bar in bending at mid-span has been used to perform the experiment.

· Machine Parts: 

· High Speed motor: An AC Motor of 2800 RPM is fixed at the edge of the machine.
· Bearing housings: Are metallic cylinders that hold the specimen.

· Weights: Three 10 kg weights have been placed to perform a load on the specimen on its middle span by using other bearings for holding them.

· Stopwatch: a stopwatch has been used to measure the time taken by the material to fatigue fracture.
Test specimen:
An Aluminum alloy bar of diameter 10mm has been used in the experiment. However, this bar has been notched at the middle by a radius of 1 mm so that the diameter of the bar inside the notched is 9.1mm. This has been notched to faster the fatigue fracture of the material because since the absence of the notch will take the rod more time to fracture.
Procedure and measurements:


The Aluminum bar is placed in the machine by the use of bearing and then it is fixed to the high speed motor. The 30 kg weights are placed in a manner to provide the load being in the mid-span of the bar. Then the motor starts to rotate in a speed of 2800 RPM. After a while, the aluminum rod is fatigue fractures and then the duration of the fracture is measured; moreover, the location of the fracture has been observed to see the static and fatigue fractures influence on the cross-section of the bar.
3) Calculations and Analysis:
D (diameter of aluminum alloy) =10mm

r (notch radius) =1mm

d=9.1mm

Motor speed=n=2800rpm

Mass=30kg

t=1min, 35sec

s=length of aluminum alloy=120mm

1) 
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Moreover, Kf = 1+ (Kt-1)*q

Kt : theoretical stress concentration factor

q : notch sensitivity

Kt  and q are determined from the following graphs:
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r/d=1/9.1=0.11 and D/d=1.1

using the 1.01 curve in the above figure we get:

Kt=1.76

q=0.54

(Kf =1.4104(approximately)

2) The graph of the variation of stress (at the location of the notch) would have a sinusoidal shape as shown below:
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Take a point at a specific instant at the lower end of the aluminum alloy. This point would be under tension. However, as the motor turns this same point would come to the top (below the suspended mass) (at this instant it would be under compression.

So each part of the aluminum is under a cycle of compression and tension

3) N=number of revolutions before breaking=t * n=1.583*2800=4433.33 revolutions.

σmax(unnotched)=M*c/I
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(Moment at notch=F*s/4

M=30kg*9.81*0.12/4=8.829 N.m

I= (
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*d4/64) = 3.37*10-10 m4
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( σmax(unnotched) =119.204Mpa

σmax(notched) =σmax(unnotched)*Kf = 1.4104*119.204=168.13Mpa

σmin(notched) = -168.13Mpa
σm= (σmax+σmin)/2=0

Stress range= σmax-σmin=2*168.13=336.26Mpa

σa= σmax=168.13Mpa
R=stress ratio= -1

A=amplitude ratio= cannot be determined (denominator is zero)
SN-Curve:
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We notice that the point (4433.33, 168.13Mpa) is in the sand cast region and it is far from  the wrought region.

Now to find the number of cycles at failure due to fatigue for an unnotched specimen we draw a horizontal line y= σmax(unnotched) =119.204Mpa. The abscissa of the point of intersection with the sand cast region is equal to the life of the specimen before fracture.

N=12589(approximately)

We notice the huge difference between the case of a notched specimen and an unnotched one. Moreover, the time needed for fracture for an unnotched specimen is: t=12589/2800=4.5min 

4) Observations:
 The specimen continues to turn with a load (30kg) mounted on the top of it. Then a sudden fracture occurs. The specimen is removed and the cross sectional at fracture is observed.

The fracture surface is made of two parts the static fracture (inner layer) and the fatigue fracture (outer layer).

The static fracture occurs due to the effect of the load. Whereas the fatigue fracture is caused by the cyclic compression and tension stresses that the specimen encounters when rotating.
5) Conclusions:


We noticed that the stress in notched rod is higher than the unnotched one. In addition, the time taken to fracture notched rods is less than the time for unnotched one. This what makes notched rods easier to be used in the experiment.

6) Appendix:

Reference: http://en.wikipedia.org/wiki/Metal_fatigue
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