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ANSWER ALL QUESTIONS





1. First Exam Question  (20 marks)
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The Spindle of a vehicle electric motor  needs to be as light as possible while carrying the torque generated by the motor.  This torque varies and reverses over time as vehicle is required to accelerate or decelerate.

Describe, in general terms the requirements in terms of mechanical material properties.  Discuss a number potential material  choices this application. Outline some potential manufacturing methods which would complement the material to produce a good result



(20 Marks)


2. Second 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) Body centred cubic BCC, face centred cubic FCC and Hexagonal close packed HCP  are three types of crystal structure found in metals, Using a diagrams describe these structures.   (6 Marks)
c) Calculate  packing ratio of this crystal structure : 
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(8 marks) 

d) The following diagram shows the state phase diagram for Lead and tin
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A mixture of lead and tin is 10% tin by weight .  How would you describe its state at 400, 250, 180 and 50 degrees centigrade respectively.   (8 marks) .  

What is the percentage of tin for the alloy with the lowest melting point  (1 Mark)

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)





3. Third Exam Question (25 Marks)


A chassis for a racing car is designed to provide a stiff platform for the suspension system.  From a materials point of view the aim is to maximise stiffness/density while making sure the chassis does not break .  

a)According the material selection maps shown below,  what class(es) of materials should be initially considered in this application.  Explain why you have chosen these classes(5 marks)

[image: ]
b)Which of these classes would you reject  for practical reasons – explain why.  (5 marks)

c) In practice racing car chassis are usually carbon fibre tubs at the expensive end and steel space frames at the lower price range…  Discuss the merits (or otherwise) of these choices (5 marks) 

d)Steel space frame chassis are usually welded together in a welding fixture.  More expensive ones are brazed.   Analyse what happens to the base metal in a welding process  - How does this affect ductility and fatigue strength.  Why is brazing often deemed a higher quality process for these applications?  (5 Marks)

e)Discuss two other alternative approaches to joining the members of a space frame chassis to each other (5 Marks)












4. Fourth Exam Question (24 marks).

       A scuba diver’s air cylinder is rated to hold air at a pressure rating 30MPA. The visible, external length of the cylinder  is 600mm.  Its external diameter is 100mm.


a) From what you know about Scuba diving and how the cylinder might be used, write in your own words a descriptive  paragraph about the requirements for the material.  (6 Marks)
b) In general terms how would you think about the following possible material choices :  (Write a short paragraph reviewing each as a choice)  If you had to choose between one of these four materials, which one would you chose . (8 marks)

	Material
	Yield strength
	Density
	Other usages

	6062 T6 Aluminium
	241MPa
	2.7g/cm3

	Aircraft fuselage skins, Mountain Bike frames

	Steel Alloy 1020 - Hot rolled
	210 MPa
	7.9  g/cm3
	Car bodies

	304 stainless steel
 (UNS S30400)
	510 MPa
	7.9  g/cm3
	Storage tanks, Automotive trim

	Pre-Pregnated carbon fibre composite
	1850 MPa
	1.74  g/cm3
	Helicopter blades, wind turbines


c) The hoop stress in a thin walled cylinder is given by the formula : 

  Key:
s : Hoop stress
P : Pressure
d : Diameter
t: Wall thickness







A company making these cylinders uses this rule to determine the thinkness of their cylinder walls : 




Write a short appraisal of this design rule to derive the thickness of the cylinder wall :  (What is the factor of safety?, Why do you need this factor of safety)



 (5 Marks)


d) Given your material choice and the design rule given above calculate : 
i) the wall thickness of your cylinder,  
ii)If the end caps are 1 kg each calculate the mass of the cylinder  (5 Marks)
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