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Assume ‘g’ = 9.81 m/s?,
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Question 1

FEA can be used to make the design process more efficient. Discuss the following:

a. How this can be used to reduce the number of physical prototypes used in the
testing phase.

[10 marks]

b. Why physical prototypes may still be needed.
[4 marks]

c. Why correlation is needed between test and FEA and how confidence may be

achieved in the FEA model.
[6 marks]
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Question 2

Discuss the steps that you would undertake when carrying out some FE analysis.
Your discussion should include the following:

a. What steps you would carry out during the pre-processing stage.

[10 marks]
b. What is meant by the processing stage.
[5 marks]
c. What steps you would carry out during the post-processing stage.
[5 marks]
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Question 3

When designing a machine that needs to be efficient in bending and
stiffness/weight is of importance, it may be beneficial to use Aluminium in terms
of the structural performance over Steel.

a. By considering a structural panel 300mm x 300mm constrained in all 6
degrees of freedom on one edge such that it is in pure tension from a 1000N
load evenly distributed on the opposite edge, calculate the deflection that
would be seen if this were made from 1mm sheet steel. Compare this to a
panel 300mm x 300mm made from 3mm Aluminium. (Esteel = 200GPa,
Eauminium = 69GPa). Calculate the stiffness of each panel in tension.

[4 marks]

b. By considering the same structural panel from part a, constrained in all 6
degrees of freedom on one edge such that it is in pure bending out of plane
from a 1000N load evenly distributed on the opposite edge, calculate the

)3
;B

Flexural stiffness (El) of the panel given " 12 that would be seen if this
were made from 1mm sheet steel. Compare this to a panel 300mm x 300mm
made from 3mm Aluminium.

[4 marks]

c. Given that the densities of each of the materials below, calculate the
stiffness/weight ratios of each of the panels considered in parts a and b.
(psteel = 7900kg/m3, PAluminium = 2700kg/m3)
[4 marks]

d. Discuss the statement made at the start of this question, using your answers

to part a, b, and c to evidence your argument.
[8 marks]
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Question 4

a. Adiagram of a Wohler machine can be seen below. Discuss how this could

be used to generate an S/N curve.

[5 marks]

. With the aid of a diagram, show what the loading cycle would look like for the
specimen loaded in part a.
[3 marks]

. With the aid of a diagram, show what the S/N curve would be expected to look
like that has been generated in part a. By adding additional curves to your
diagram, discuss what a P/S/N curve is.

[5 marks]

By annotating your diagram in part ¢, show the impact of increasing the mean
stress.
[2 marks]

. Theories proposed by Goodman, Geber and Soderberg discuss the
relationship between mean stress and stress amplitude during fatigue testing.
With the use of a diagram, compare these three theories to each other and
also relate them to experimental data.

[5 marks]
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