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Attempt any FIVE questions.




           Time allowed: 3 hours.










                    Number of questions = 7.

The figures in the right hand margin indicate the relative weighting of parts of a question.

The following is provided:



Graph paper.



Data sheet



ESDU Charts
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1.
(a)
"Stress concentrations are inevitable in engineering components".



Briefly discuss the implications of this statement giving two examples of where they may occur.
(10)


(b)
The beam shown in fig Q1 is made of cast iron which is considered to be brittle with an ultimate tensile stress, u of 250 MPa.
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Figure Q1.

 (i) 

If the design working load, P = 1.50 kN, determine the maximum  stress in the beam at the fillet.
(8)

(ii)

What factor of safety was used in the design of the beam
(2)

2.
(a)
Briefly describe the use of photoelastic techniques in mechanical design.
(6)


(b)
Describe the information that can be obtained about the state of stress, from the following patterns generated when using a white light source:


(i)
isoclinics
(4)


(ii)
isochromatics
(4)


(c)
Isochromatic fringes are found to obey the following stress optical law:
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where all the terms have the usual meaning. Identify each term 



and explain how the design engineer may use this relationship.
(6)
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3.
(a)
Residual stresses may lead to the premature failure of engineering components. Describe ways in which residual stresses may arise.
(10)


(b)
Describe an example of a situation where they may lead to premature failure.
(3)


(c)
Describe an example of a situation in which residual stresses are used to reduce the risk of failure.
(3)


(d)
Explain how undesirable residual stresses may be removed from metal components.
(4)

4.
A circular steel shaft formed part of a machine which was operated intermittently for 3 hours per day for 100 days a year. The shaft was of  70 mm diameter and operated at a speed of 70 rpm. It was subjected to a maximum bending moment of 5000 Nm, over and above the torque supplied by the motor. The shaft failed in fatigue after three and a half years service.

(a)
Describe the features that are likely to have been visible on the fracture surface.
(4)

(b)
Sketch the variation of stress with time at the site of maximum bending moment.
(2)

(c)
Calculate the stress range at that point.
(4)

(d)
Estimate the number of cycles to failure.
(2)

(e)
Estimate the initial length of the crack that must have been present on the surface of the shaft to cause this failure. Assume that the Paris law is applicable.
(6)

(f)
What would have been the maximum safe bending moment to apply?
(2)

Data:


The Paris Law:  
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For the shaft, assume the fracture toughness is given by,
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and   KIC = 75 MNm-3/2 ,
C = 0.8 x 10 -12,
m = 4.2


fatigue strength = 100 MNm-2
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5. 
(a)
With the aid of sketches discuss the load-speed characteristics of the following bearing types indicating their performance limitations.


(i)
rolling contact bearings


(ii)
hydrodynamic bearings


(iii)
dry rubbing bearings


(iv)
oil impregnated porous metal bearings


(v)
hydrostatic bearings
(10)


(b)
A pulley of diameter 25 cm is to be used to transmit 55 kW at 1100 rev/min. It is to be mounted on a shaft between two bearings, 2 m from one end and 3 m from the other. Referring to  ESDU Chart 2 select the type of bearings that could be used for this system if the shaft diameter is 2.5 cm. Discuss the reasons for the type of bearing selected.
(10)

6. 
(a)
Discuss in detail the mechanism of the following types of wear and indicate how it can be minimised.


(i)
adhesive wear
(5)


(ii)
abrasive wear
(5)


(iii)
fretting wear
(5)


(iv)
fatigue wear
(5)

7.
(a)
An organisation is obliged to prepare a checklist of action points that will identify and therefore minimise the risks to the user or general public from their products or operations. List FIVE possible action points which could be included on such a checklist and briefly explain the significance of each.
(10)


(b)
(i)
For any of the case studies you have examined such as the "Piper Alpha Oil Rig Disaster",  identify one action point which, if it had been followed, would have prevented failure or significantly reduced its consequences. 
(3)



(ii)
Explain why the omission contributed to the failure.
(3)



(iii)
Briefly explain the consequence of the failure on the manufacturer and operator and the subsequent liability on them.
(4)

Data Sheet:
For straight, slender beams in bending,
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. 

Second moment of area:

For a circular shaft,  
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where d is the diameter of the shaft.

For a rectangular cross-section,   
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where b is the width and bending takes place across depth, d
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