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Question 1

a. Discuss what strain energy is.
[3 marks]

Strain energy is the energy stored within a material once it has been deformed.  This energy would be released by the material once it returns back to it’s original unstrained dimension (assuming it has not been plastically deformed).  Hence, strain energy is the energy which is stored within a material when work has been done on the material

The below diagrams show a bar of length L in pure tension in figure 1.1, a small slither of that bar in figure 1.2 and the load against extension graph for that slither in figure 1.3

[image: ]

Figure 1.1				Figure 1.2				Figure 1.3

b. From the relationship , show that for the slither of the bar 
[2 marks]




c. Hence, from c,  show that the strain energy for the entire bar is given by 
[2 marks]
From figure 1.3, for the slither;



Therefore, for the entire bar; 





d.  Discuss, in the context of stress, what is meant by the term resilience.
[2 marks]

Resilience is defined as strain energy per unit volume.  That is to say that it describes a materials ability to absorb energy.  This is useful in applications such as automotive crash.

e. Hence, from d, show that resilience can be defined as  
[2 marks]












f. A steel rod has a square cross section that is 15mm x 15mm and a length of 1m.  Calculate the strain energy when a stress of 200MPa is produced by stretching it. (E=200GPa)
[4 marks]


x=225m2

P = 200 x 225 
= 45kN






g. Discuss, with the aid of a diagram considering the strain energy, why great care must be used in the design of machine parts if there is the possibility of suddenly applied loads.
[5 marks]

Consider a situation where we have a load that is applied suddenly rather than gradually.  The area under the load extension graph that represents the work done would therefore be ‘square’, rather than ‘triangular’, as shown in the below figure.  Thus to produce a given extension with the same amount of strain energy would require half the load. Thus if a load is suddenly applied, half the load is required to produce a certain amount of strain compared to a statically applied load. Hence great care must be used in the design of machine parts to exclude the possibility of sudden applications of load since the associated stress levels are likely to be doubled.
[image: Scan10088]






Question 2

a. Discuss four reasons why a crack may be initiated that could then go on to cause a fatigue failure.
[4 marks]

The crack is initiated from points of high stress concentration on the surface of the component such as sharp changes in cross-section, slag inclusions, tool marks, etc.,

b. Discuss what three areas are typically seen in the cross section of a component that has failed due to fatigue.
[3 marks]
The surface of a typical fatigue-failed component shows three areas;
1. The point of initiation
2. A glass-like area containing shell-like markings called “arrest lines” or “conchoidal markings” caused by corrosion when crack is propagating
3. The crystalline area of rupture


c. A fatigue test may be carried out under conditions of rotating-bending with a zero mean stress on a machine such as a Wohler machine.  Discuss how this could be used to generate an Sn curve.
[3 marks]

Such a test, would produce one point on an Sn curve as shown below.  Repeated test with varying stress amplitude could thus be completed and a line of best fit could be overlaid on top of these points.  How this line has been fitted to these experimental results would be related to the probability of failure.
[image: Scan10065]















d. Using the relationship,  where   is the stress amplitude,  is the number of cycles to failure and both a and k are constants, find the constants for a sample where it is known that  =107 when   = 100MPa and =106 when   = 200MPa.  Hence determine the number of cycles that you would expect this sample to fail at if   = 150MPa
[6 marks]
Condition 1:
=109 when   = 100MPa
Condition 2:
=106 when   = 200MPa


alog  + log  = log k

Condition 1:
alog100 + log109=logk
2a + 9 = log k (i)
Condition 2:
alog200 + log106=logk
2.301a + 6 = log k (ii)

(ii)-(i)
0.301a-3=0
a=10.0
Put a into (i)
2a + 9 = log k
29=log k
1029 = k

Now
alog  + log  = log k
10log150 + log=29
log=29-21.67
=107.33
= 21.4

e. With the aid of a diagram, discuss the Goodman, Geber and Soderberg relationships that have been developed to link the mean stress and the stress amplitude, for samples where the mean stress is non zero.
[4 marks]


Goodman, Geber and Soderberg created relationships linking the stress amplitude and the mean stress for a certain sample subjected to a certain number of cycles.  These relationships can be seen below.
[image: ]
[bookmark: _GoBack]In general, experimental results are found to lie between the predictions of Goodman and Geber (shown by the shaded region).  As such, Soderberg is often used as this is the most conservative theory.


Question 3

a.
During FEA, meshing your part is an important step in the Pre-Processing stage.  The quality of your mesh will significantly influence your results.  Discuss this, stating checks that you should preform, why these are important and why the error that the checks are looking for may be present.
[15 Marks] 

Discussion such as;

FEA is only an approximation of the real problem, where assumptions are made from one point to the next, from node to node.  As such, the mesh will significantly influence the results.  Checks that should be carried out include;

1. Element size.  This is always a trade off between runtime and accuracy.  Generally, the smaller the mesh the more accurate the results are but the longer the analysis will take.

2. Element quality.  The assumptions that are made from node to node across the elements are only valid if the elements maintain a ‘perfect’ shape.  If the elements deviate from this, then the results will be questionable.  Checks could include Aspect Ratio and Jacobian etc.  Elements deviate from a perfect shape due to the nature of the geometry of the part being considered and trying to fit elements to this.

3. Element duplicates.  These can occur depending on how the CAD has been generated, for example there may be two overlapping surfaces on the geometry, when obviously in reality only one surface exists.  This if both of these surfaces are meshed then the part will obviously be stiffer in the FE model than in reality.

4. Element free edges.  These can also occur depending on how the CAD has been generated, for example when two edges are butted up against each other in CAD but are not ‘stitched’ together.  If these surfaces are simply meshed and the nodes between the two meshes are not connected, then the part will behave as if these surfaces are independent of each other, even if in fact on the real part they are connected.

5. Element Normals. The element normal is dependent on the order that the nodes are generated (dependent on the CAD and the meshing algorithm used).  This can influence contacts in non linear analysis (where to save on computational time, often only one side of the element is checked in the contact).  This will also influence any stresses etc seen if these are plotted on the top/bottom surface.

b. FEA models are normally correlated to physical tests in order to gain confidence in the model.  Discuss tools that may be used in order to do this.
[5 Marks] 

Discussion such as;

The easiest way to correlate a model is by comparing the displacements in the physical tests to those seen in the FE model.  This can be done using simple measuring devices such as DTI gauges, or more advanced measuring devices such as strain gauges or Photo-Elastic techniques.  Other ways that may be used to correlate a model are by measuring the forces in certain locations using load cells, using accelerometers or by comparing the FE model to results that have obtained using traditional mechanics of materials type hand calculations.




Question 4

a.
When carrying out FEA, the process can broadly be split into pre-processing, processing and post processing.  Discuss each of these tasks.
[6 marks]
Pre-Processing
This can be thought of setting up the FE model when items such as meshing, material properties and boundary conditions are addressed

Processing
This is when the Finite Element Method is used to solve the FE model.  Potentially this is carried out by a computer.

Post Processing
This is carried out after the processing has happened.  The results are assessed.  Items such as stress and natural frequency are established and related back to the material properties or the application.


b. Discuss the following statement

“It is often less time consuming to build a large model by using an automatic mesher, and increased computer capacity has lessened the need to use special techniques to minimize the number of elements.”
[14 marks]


When processing power was relatively small and the cost of this was relatively high, many steps were often taken to reduce the number of elements in an FE model.  This was achieved through mechanisms such as symmetry constraints, or having large elements in areas that were not critical to the results (for example automotive manufacturers having a front and rear crash model).  However, this was labour intensive and relied on the expertise of the analyst carrying out the analysis.  

Due to the cost of hardware significantly reducing, this is no longer as critical. It is now possible to have an FE model with more elements.  This means that issues such as traceability and version control are easier to manage as meshes can be quickly and easily be generated using automatic meshing as the parts are updated.  These models can then be fed into FE models.  This is less reliant on the expertise of the analyst.  This also means that instead of having many models being built in parallel (for example front and rear crash), one common model can be built, again reducing the probability of a mistake being made by having many models being run in parallel that should all reflect the same geometry.  In addition to this, many CAD packages now have FE model that are linked to the CAD part so that if the CAD part is updated the FE model is automatically updated ensuring that the latest geometry is reflected in the FE model.
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§11.7 Strain Energy 263
11.7. Shear or distortional strain energy

In order to consider the general principal stress case it has been shown necessary, in §14.6,
to add to the mean stress & in the three perpendicular directions, certain so-called deviatoric
stress values to return the stress system to values of 6, , 6, and 0. These deviatoric stresses are
then associated directly with change of shape, i.e. distortion, without change in volume and
the strain energy associated with this mechanism is shown to be given by

1
shear strain energy = i [(6, —06,)* + (0, —063)*+(65—0,)*)] per unit volume

oy [6}+0%+02—(0,0,+0,0;+0a306,)] per unit volume

This equation is used as the basis of the Maxwell-von Mises theory of elastic failure which is
discussed fully in Chapter 15.

11.8. Suddenly applied loads

If aload Pis applied gradually to a bar to produce an extension é the load—extension graph
will be as shown in Fig. 11.1 and repeated in Fig. 11.6, the work done being given by

— L
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lied load)
GSDPI/S - ) Extension

Fig. 11.6. Work done by a suddenly applied load.

If now a load P’ is suddenly applied (i.e. applied with an instantaneous value, not gradually
increasing from zero to P’) to produce the same extension J, the graph will now appear as a
horizontal straight line with a work done or strain energy = P’6.

The bar will be strained by an equal amount J in both cases and the energy stored must
therefore be equal,

ie. Po=41Ps
or P =1ip

Thus the suddenly applied load which is required to produce a certain value of
instantaneous strain is half the equivalent value of static load required to perform the same
function. It is then clear that vice versa a load P which is suddenly applied will produce twice the
effect of the same load statically applied. Great care must be exercised, therefore, in the design
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abscissa, the amplitude being varied for each new specimen until sufficient data have been
obtained. This results in the production of the well-known S/N curve — Fig. 11.4.

Stress amplitude ()

Cycles 1o failure (N,)

Fig. 11.4. Typical S/N curve fatigue life curve.

In using the S/N curve for design purposes it may be advantageous to express the rela-
tionship between o, and N7, the number of cycles to failure. Various empirical relationships
have been proposed but, provided the stress applied does not produce plastic deformation,
the following relationship is most often used:

0Nzt (1))
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the material — see Example 11.1.

From the S/N curve the “fatigue limit” or “endurance limit” may be ascertained. The
“fatigue limir” is the stress condition below which a material may endure an infinite number
of cycles prior to failure. Ferrous metal specimens often produce S/N curves which exhibit
fatigue limits as indicated in Fig. 11.5(a). The “fatigue strength” or “endurance limif”, is the
stress condition under which a specimen would have a fatigue life of N cycles as shown in

«
\x
N s
2
H k| I
2 H \x
3
g £ ~
[ . S . S~
n Slmm D X X
T B
& | Foti ® !
@ | Fotigue limit (a5) Endurance limit (o) i x
I
} t in
Cycles to failure Cycles to foilure

Fig. 11.5. S/N curve showing (a) fatigue limit, (b) endurance limit.
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quations can be plotted as shown below;
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v most test results fall in the shaded region between the Goodman ar-
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Kelvin Lake

Question 1 -

a. Discuss what strain energy is.

[3 marks]

b. The below diagrams show a bar of length L in pure tension in figure 1.1, a small slither of that
bar in figure 1.2 and the load against extension graph for that slither in figure 1.3
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Figure 1.1 Figure 1.2 Figure 1.3




