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SECTION #3-7 (4:00-4:30 Lab)

    WEDNESDAY, March 27, 2008

1/ Objective:

When a material is subjected to alternating stresses for a long period of time, it fatigues. So the more a motion is repeated, the more the material becomes weak. A metal subjected to a repetitive stress will fail at a stress much lower than that required to cause fracture on a single application of load. 

Failures occurring under conditions of dynamic loading are called fatigue failures, because they occur only after a significant period of time, and they consist of the majority of engineering failures.  The fracture is usually brittle even though it make take a long time to break (as we saw in the 34 min specimen that we tested, which did not break till now). 
Fatigue occurs in many materials, the most common ones are:
· Springs

· Turbine Blades

· Airplane Wings

· Bridges

A very useful method for analyzing fatigue is the S-N curve (Stress vs. Cycles to Failure). From this curve we can find how many cycles make a material fatigue and break (called fatigue life) while the fatigue at this point is called the fatigue strength.  From this curve we can also find the fatigue limit which if a stress below that limit is applied to the material, the material will not break.
To produce an S-N curve, engineers apply cyclic stresses to specimen and measure its fatigue strength. After several testing, engineers get standard values for materials, and from that we get the S-N curves.
The main objective of this experiment is to measure the fatigue life that an aluminium notched bar will withstand before fatigue failure. We will further derive from this value many properties of the given specimen. The test also reveals the effect of notching the specimen on the fatigue life.

Fatigue fractures start from an initiation  of crack, continuing with the propagation of cracks.  There might be more than one initiation point resulting in more than one crack forming and propagating (This usually happens for ductile materials). Separate cracks might also meet at a common  point.   
Fatigue could be caused of several factors (taken from lecture):
1.
Loading: Axial Tension, bending, torsion and combined



i. Reversible, Repeated, Fluctuating and Alternating



ii. Mean and Variable components



iii. Frequency of loading and rest periods

2.
Geometry: size effects and stress concentration

3.
Material: composition, structure, directional properties and notch sensitivity

4.
Manufacturing surface finish, heat treatment, residual stresses

5.
Environment corrosion, high temperature

Due to these factors, we can see that it is sometimes very hard to control fatigue strength so we have to limit it as much as possible. This should be done in the design phase of the material.
2/ Problem approach

Test specimens are round bar stock made from Aluminium alloy with a diameter of 9.5mm (as seen below). 

Note: A notch round radius (1mm) was introduced into the bar.
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We shall measure the fatigue life of the specimen using an AUB-built fatigue testing machine (see below) which was designed to load bars in bending at mid span. 
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The experiment procedure can be described by the following steps:

1. The test specimen is placed in its appropriate position on the fatigue tester. 

2. The motor rotates the specimen at a constant rotational speed (2800 RPM) until failure.

3. The time (number of cycles) to failure is recorded.
· Calculations and Analysis :
From the specimen we gathered the following data:
	Load
	30 kg

	Bar Diameter
	16 mm

	Narrow Area Diameter:
	9.6mm

	Grooved Diameter
	8.5mm

	Nose Radius
	1mm

	Time to Break
	285 s

	Distance Between Supportive Bearings
	12.75 cm

	Motor RPM
	2800 rpm


Theoretical stress concentration factor: Kt
Fatigue stress concentration factor: Kf

Notch sensitivity: q
The notch sensitivity factor measures how much certain materials are affected by notches.     q can have a value between zero and one, where zero represents no sensitivity to notches    (Kf =1) and one represent complete sensitivity to notches (Kf = Kt).
q = (Kf-1) / (Kt-1)
Therefore: Kf = 1+ (Kt -1)
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From this graph we can find q. We have a notch radius of 1 mm and we use the aluminium alloy curve. So we find that q= 0.54. 
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We use this graph to find the theoretical stress concentration factor.

From the figure on the top right of the graph we can see that:

r = Notch radius = 1 mm
d = grooved diameter = 8.5 mm
D = bar diameter = 16 mm
D/d = 9.6  mm / 8.5 mm = 1.129
r/d = 1mm / 8.5 mm = 0.1176 

Interpolating in the figure, we find Kt=1.76
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	Factor
	Value

	Kt
	1.76

	Kf
	1.4104

	q
	0.54


The resulting moment (M), as mentioned in the apparatus description is:
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M: moment in the material at the section of the applied load
c: distance from the neutral axis = d/2 = 9.6 mm/2 = 4.8 mm 

I: moment of Inertia      

For a round bar: I = πd4/64
I = π (9.6 x10-3 m)4/64 = 4.169 x10-10 m4
Maximum Stress:
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As for the maximum stress, it is related to the nominal stress by:
Minimum stress:

σmin = -107.997 MPa

Mean Stress:

σm = (σmax + σmin )/2 = (107.997 MPa -107.997 MPa)/2 = 0                                                                                                                                                                                           
Stress Range:
Δσ = σmax + σmin = 107.997 MPa  – (-107.997 MPa​)= 215.994 MPa
Stress Amplitude:
Σa = Δσ /2 = 107.997 MPa

Stress Ratio:

R = σmax / σmin = 107.997 MPa / -107.997 MPa = -1

Amplitude Ratio:

A= (1-R)/(1+R) = 2/0   undefined
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 S-n curve:
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Figure from: http://www.sv.vt.edu/classes/MSE2094_NoteBook/97ClassProj/anal/kelly/fatigue.html#S_Ncurve 

17x10^7
We get number of load cycles = 10^3.65 = 4467 revolutions.

Our practical number of revolutions: 2800 rpm x 285 sec x (1 h / 60s) = 13300 revolutions.
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For notch free specimen:

Kf= σmax(for notched specimen) / σmax(for notch free specimen) 
Therefore: σmax(for notch free specimen) = 107.997 MPa/1.4104 = 76.57 MPa
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Observations:

1.
We observe that fatigue failure is instant; the specimen does not undergo deformation before crack initiates and develops.

2.
We observe a smooth surface at failure due to the fast propagation of the crack.

3.
Notches and grooves acts as a stress concentrator and are usually the points from which the crack initiates thus reducing the number of cycles the specimen can withstand before failure.

4.
The above statement depends on the notch sensitivity which is a characteristic of the material used; a sensitivity of one means that the specimen is sensitive to notches and breaks faster, a sensitivity of 0 means the specimen is insensitive to notches.
5.
We observed that as time passes, the sound of the motion goes louder probably due to the propagation of cracks.
Conclusions:

1.
Under cyclical loading the specimen experiences fatigue and thus break at a stress lower than the maximum stress the material can sustain.

2.
We can draw an inverse relationship between stress and number of cycles to fail, as stress increases number of cycles decreases. But as stress decreases number of cycles increase until it reach the minimum stress below which there is no failure.

Refrences: 
1) http://www.sv.vt.edu/classes/MSE2094_NoteBook/97ClassProj/anal/kelly/fatigue.html 

2) http://www.engineersedge.com/material_science/fatique_failure.htm 

3) http://materials.open.ac.uk/mem/mem_mftext.htm 

4) Slides from instructor







































_1267991622.unknown

_1268041556.unknown

_1268041901.unknown

_1205082637.unknown

_1267715108.unknown

