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SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 3

SEMESTER 1

1998/99

MATERIALS ENGINEERING

Examiners:
Dr M Philip/Dr A Piercy

Attempt FIVE questions only



     Time allowed: 3 hours

No more than THREE from either

   
    Total number of questions = 8

Section A or section B

All questions carry equal marks.

The figures in brackets indicate the relative weightings

of parts of a question.

The following charts, tables and other special requirements

are supplied:

Graph paper
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SECTION A

1.
A thin steel turbine disc of outside diameter, 550 mm and inside diameter, 140 mm rotates at 3000 revolutions per minute. At this speed, the blades and shrouding attached around the outside of the disc cause a uniform tensile rim stress of 5 MN/m2.

(a) Determine the radial and hoop stress distribution across the disc.
(8)


(b) Sketch the resultant profiles.
(8)

(c) Determine the location and magnitude of the maximum shear stress in the disc.
(4)





Data:





Density of steel, s = 7800 kg/m3




Poisson’s Ratio for steel, s = 0.28

The radial and hoop stresses at any radius for a disc of uniform thickness rotating at an angular speed,  is given by,
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2.
(a)
State the main assumptions made in deriving the bending stress – bending moment relationship for a beam subjected to steady state creep conditions.
(5)

(b) A beam of rectangular cross section of width, b and depth, h and second moment of area, I is subjected to a pure bending moment, M. The beam is made of a material for which the steady state creep rate 

       is given by the equation,

[image: image1.wmf]
 

(i) Show that the maximum bending stress developed during steady state creep is given by the equation,


MAX = (Mh/2I) (2n+1 / 3n)
(10)

(ii)
Calculate the ratio of the maximum bending stress under elastic conditions to that under creep when n = 3.
(5)
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3.
At a point within a ball bearing under load, the stresses have been computed by finite element analysis to be as follows:


xx = 25 MPa,
yy = 50 MPa,
zz = 100 MPa,


xy = 50 MPa,
yz = -15 MPa,

zx = 20 MPa 

(a)
Determine the normal and shear stresses at the point, on a plane whose normal makes angles of 45o and 70o to the x- and y- axes respectively.
(12)

(b) For a given stress system, the stress invariants, I1, I2 and I3 are found to be,

I1 = 20,  I2 = 52.5 and I3 = 0


Suggest a method by which the principal stresses at the point may be obtained.
(4)

(c)
What is the significance of the stress invariant, I1 especially in relation to the octahedral plane.
(4)




You may use the following equation:




n  =  xx l2 + yy m2  +  zz n2  +  2 (lmxy  +  mnyz  +  nlzx )




where all symbols have their usual meaning.
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4.
Part of a framework in the form of a curved beam is shown in Fig Q4. The cross-section takes the form of a “T”. The framework is subjected to a load of 100kN as shown.


Determine the maximum tensile and compressive stresses induced across the section X-X. 
(20)


The following information is given:


Bending stress,  from a pure moment M is given by,

 = (M/Ae) [y/(r – y)]    where e = R - (A/ ((dA/V))

where the symbols have their usual meaning.
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Figure Q4. Cross-sectional view of framework.
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SECTION B

5.
(a)
Describe the mechanism by which an oxide film develops on a metal surface.




(8)


(b)
With reference to the Pilling-Bedworth ratio, explain why the oxide film on the surface of some metals protects against corrosion whereas the film on other metals does not protect.



(6)


(c)
Describe the type of alloy of steel that might resist oxidation at high temperatures. Explain how protection is achieved.




(6)

6.
(a)
When loaded in tension at moderate strain-rates and at room temperature, low carbon steel is tough and ductile. At higher strain-rates and lower temperatures, low carbon steel can be brittle.



Describe the mechanism of failure of low carbon steel under the two conditions.                                                                                                                (10)


(b)
Explain why the ductile - brittle transition takes place.                                  
(6)


(c)
Give two methods by which the toughness of the steel can be increased.    
 (4)
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7.
Describe a theory which explains the mechanism of deformation and failure of metals due to EITHER



(a) Fatigue

OR

(b)
Creep.









(12)


What metallurgical techniques can be used to increase the resistance of 

alloys to the failure mechanism you have chosen?




 (8)

8.
A pipeline made from steel is buried partly in waterlogged clay and partly in sandy soil. At one point it passes beneath an electric train track.


(a)
Discuss possible mechanisms by which the pipeline may corrode.     
   (12)


(b)
Describe methods that might be used to protect such a pipeline giving
 reasons for their effectiveness.                                                                     
 (8)
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