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 1 (a)       Discuss in detail the fatigue testing of metals with due reference to the 
                two main analyses:

                     (i) Static load versus number of cycles to failure (S/N)

                     (ii) The Paris-Erdogen approach (da/dn versus delta K)

      Fatigue failure of metals can be minimised in practice by the adoption of several 
      methods. Describe four of these methods and discuss the procedure operating in 
      each case.
                                                                                                                      (12 marks)

 1 (b)       Critically appraise the Linear Elastic Fracture Mechanics Test which is used to measure 
                the fracture toughness of materials. Your answer should make reference to plastic zone 
                sizes, plasticity, plane stress and plain strain conditions, specimen preparation and the 
                testing procedure.
                                                                                                                               (8 marks)



2 (a)        The following four examples have failed due to excessive corrosion, rendering the 
                component unsafe or unfit for service. For each one of these four examples, discuss 
                in detail the probable cause of corrosion and suggest appropriate measures taken to 
                mitigate this corrosion from taking place.                                  
            
(i) The significant failure of marine quality stainless steel shackle submerged in fresh water for 6 months.


                       [image: Image]

               (ii)  A mild steel bracket attached to an aluminium frame on a ships hull

                     . [image: Marine Corrosion 101 | BoatUS]
                          
             (iii) The failure of the titanium alloy abrasion skin from a helicopter rota blade


                        [image: A picture containing text
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               (iv)  The discolourisation of 70/30 Brass cartridge shells
 
                       [image: Pink Brass "dezincification"? | Page 3 | Northwest Firearms]
                
                                                                                                                         (12 marks)
                                                                                                                           
2 (b)        Critically appraise the use of accelerated corrosion testing used extensively in the 
                electroplating industry to assess the performance of coatings.

                                                                                                                          ( 8 marks)

3 (a)        The table below shows the steady state creep data for the nickel superalloy 
                Inconnel 718 at an operating temperature of 1000o C.

                Calculate the steady-state creep rate at a temperature of 900oC and 25 MNM-2     

	Steady-state Strain (l/s)
	Applied Stress MNM-2

	10-4
	              15.0

	10-6
	              4.5


                        Where: The activation energy (–Qc) for creep is 272,000 [Joules /mole] 
                         R (the gas constant) = 8.314 Joules/mole.K
                         T is the Temperature in Kelvin (oC + 273)      
                          [image: http://oregonstate.edu/instruct/engr322/Homework/AllHomework/S10/HW8Images/HW8-4.a.gif]
                                                                                                                               (10 marks)  
                                                                                                                                                                                            
 3 (b)       Describe, in terms of the dislocation theory, the three stages of creep that occurs in 
                metals and suggest how creep can be minimized in practice, including the 
                microstructural changes adopted in nickel superalloys such as Inconnel 718.                    

.                                                                                                                                (10 marks)

                                   
                                                                                                                                
4 (a)              The use of coatings for aesthetic, wear/friction, and corrosion resistance is 
                     becoming increasingly important in engineering particularly in the light of 
                     improvements in adhesion and integrity. There are currently a number of 
                     processes used for the deposition of coatings, which include:

                     i)   Weld cladding (i.e. physically welding a coating onto the substrate)

                     ii)  Thermal spraying (deposition by imparting heat and velocity to the 				       
                           particles)

                     iii)  Electro-plating (electrolytic deposition using an electrolyte)

                     iv)  Painting( spraying, brushing, dipping)

                 Give a CRITICAL APPRAISAL of each of these four coating methods 		           
                 detailed above and suggest, in each case, ONE method of improving the process employed.
                                                                                                   
                                                                                                                                 (12 marks)

4  (b)       The recycling of steel using the electric arc process introduces a number of                        
                contaminants, and hence impurities into the final steel composition. Identify where 
                these main impurities arise from, and discuss how they affect the overall quality of 
                the steel produced.
                                                                                                                                 (8 marks)
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