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ANSWER ALL QUESTIONS

1. First Exam Question (30 marks).
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A  building beam is designed to hold a distributed weight of 10000 N  per meter of length.  It is 5 m long.    The beam must also not deflect more than 5mm under full load and , obviously, should not yield

Design rules dictate that the beam should be treated as a pin jointed beam and that a factor of safety of 5.0  of  yield stress against bending stress should be used.

This is the formula for deflection in uniformly distributed beams  : 

[image: ]
Where:
Dmax is The maximum deflection of the beam
 E is youngs modulus, 
 I is the moment of inertia
w is the load
And l is the length of the beam 




a) In order to achieve the deflection requirement What does the moment of inertia (I) need to  be if the beam is made of steel (hint : look up Youngs modulus for steel !).

The cross section of the beam  is an I beam
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For this I  is given by the following formula : 




b) Suggest a suitable cross sectional dimensions  for an I beam which has at least the required  moment of inertia.    What is the moment of intertia for your beam dimensions?



The formula for the bending moment on the beam at the centre point id given by  : 
[image: ]

c) What is  the bending moment on your beam when under maximum load

The formula for bendng  stress on the beam is given by : 

[image: ]

d) What is the bending stress on your beam under maximum load.
e) To meet the design rule (yield stress must be less than 1/5 of bending stress) what is the minimum allowable yield stress of the  steel you would select for your beam?
f) Can you suggest a grade of steel which would be suitable
g) How could you use a cheaper steel? 







2. Second Exam Question  (20 marks)

Beer Packaging
A beer brewer  is required by law to label their product .  Clearly the packaging needs to be water tight.  The marketing of the product requires the ability to present eye catching designs on the packaging to the consumers.  Profit margins are tight in an extremely competitive market.  Discuss a number potential material choices for the packaging. These choices may be for a single material or for a compound solution.  Describe the requirements in terms of material properties For each potential choice be clear to outline the environmental impact as well as impact of profits and the ability to function/communicate as required.

(20 Marks)


3. Third Exam Question (25 marks).

a) Describe metallic bonding (with diagrams)  Why are metals with a valency of 2 generally stronger than metals with a valency of 1  (4 Marks).
b) Identify the following crystal structure : 

[image: ]
c) What are the packing ratios of FCC,  HCP, and BCC metallic crystals  (1 Mark)
d) The following diagram shows the state phase diagram for Titanium-Nickel


[image: ]

The phase diagram refers to a silver which is BCC and b silver which is FCC  g is a molecular compound of silver  and tin  and d is white tin , .  

Pure tin powder is mixed with pure silver  powder at a weight ratio 60.40 respectively. It is heated to 600 degrees in a furnace.   

Describe the state of the mixture at this temperature.  (1 Mark)

The mixture is cooled slowly.  Describe, in as much detail as you can obtain from the diagram the state at : 420, 221 C.  (8 Marks)

e)As a material changes state on cooling it releases energy.  Draw a sketch graph of temperature against time  if energy (heat) were allowed to leave the system at a constant rate.  (5 Marks)





4. Fourth Exam Question (25 Marks)


The framework for a mars rover camera needs to be as stiff and as light as possible It must also have enough strength and thermal stability to survive the journey and cope with extreme temperature differences.  The parts must also be capable of precision dimensional tolerances

a)According the material selection maps shown below,  what class(es) of materials should be considered in this application (if you were only concerned with stiffness/density.  Explain why you have chosen these classes(5 marks)

[image: ]
b)Which of these classes would you not actually consider for practical reasons – explain why.  (5 marks)


d)What kind of manufacturing processes would you consider for fabricating the camera mounting.  What are some of the issues to look out for  (5 Marks)
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M = the internal bending moment about the section’s neutral axis
= the perpendicular distance from the neutral axis to a point on the section
I = the moment of inertia of the section area about the neutral axis
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