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DEPARTMENT OF MECHANICAL & MANUFACTURING ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 3

SEMESTER 1

1997/98

MATERIALS ENGINEERING

Examiners:
Dr M Philip/Mr J Rhodes

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)
Explain with the aid of sketches of the stress distribution, how the


 


load bearing capability of a cylindrical pipe under internal pressure


 


may be improved by using compound cylinders.




(4)


(b)
A compound cylinder is made by sliding a closely fitting steel sleeve 




of external diameter 450 mm over a brass cylinder of external 





diameter 400 mm and internal diameter 300 mm. Initially the

 



contact stress at the interface may be regarded as zero. Calculate the

 


maximum circumferential stresses in the steel and brass when an 




internal pressure of 30 MN/m2 is applied to the compound 





cylinder.









(16)





Data:





Modulus of Elasticity for steel, s = 200 GN/m2




Poisson’s Ratio for steel, us = 0.28





Modulus of Elasticity for brass, B = 100 GN/m2




Poisson’s Ratio for brass, uB = 0.35
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2.
(a)
Describe briefly how the Larson-Miller parameter is obtained and 





used to predict the long-term behaviour of metals.




(8)


(b)
The lives of Nimonic 90 turbine blades tested under varying 




conditions of stress and temperature are set out in the table below:-



Stress
Temperature
Life



(MN/m2)
(oC)
(h)



180
750
3000



180
800
500



300
700
5235



350
650

23820




Using the Larson-Miller method, determine the expected life of a 





blade when subjected to a stress of 250 MN/m2 and a temperature of 





750 oC










 (12)
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3.
The state of stress at a point in a component under load is found to be given by,



xx = 18 MPa,


yy = 20 MPa,

zz = 45 MPa,



xy = 9 MPa = yx,

yz = 0 = zy,

zx = - 9 MPa = xz

where the suffices refer to a standard coordinate system and standard convention.


(a)
Determine the normal and shear stresses at the point, on a plane

 

whose normal is defined by the direction cosines,




l = 0.535 and m = -0.267







(10)


(b)
What is the direction of the shear stress acting on this plane?



(4)


(c)
Describe how stresses on the octahedral plane are determined. 




Explain briefly also the significance of the Octahedral Shear Stress.




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.





(6)
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4.
Figure Q4 describes a crane hook of circular cross-section of diameter 


40 mm. It has a mean radius of curvature of 38 mm. The hook carries a load 

         of 2 kN which tends to increase its radius of curvature. 


(a)
Determine the radius of curvature to the neutral plane for the


 



section identified by A-A.







(10)


(b)
Hence determine the maximum tensile and compressive stresses at 





the horizontal section A-A due to bending and direct loading.



(10)


The following information is given:


(i) 
Radius, r of the local neutral plane n-n in a curved beam is given by,











where the symbols have their ususal meaning.


(ii)
Solution of standard integral:








QUESTION 4 CONTINUES ON THE NEXT PAGE
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Figure Q4. Cross-sectional view a crane hook.
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SECTION B

5.
(a)
Discuss the mechanism by which the inside of a mild steel tank 






containing water will corrode if left unprotected by painting or other





means.










(6)


(b)
Explain the effects of the following on the corrosion rate in (a):




(i) 
agitation of the water;




(ii)
increasing the temperature;




(iii)
presence of dissolved salts in the water.





(6)


(c)
If the water tank is to be located outside a home in a rural 






environment, describe methods by which the steel tank could be 





protected against corrosion.







(8)
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6.
(a)
Give an account of theories which explain the mechanisms of 






deformation and fracture of metals undergoing creep.




(8)


(b)
Nimonic 105 is a creep-resistant alloy based on nickel with the

 


following alloy additions:-





15.0
%
chromium





0.2
% 
carbon





1.0
%
iron





4.5
%
aluminium





5.0
%
molybdenum





20.0
%
cobalt




Explain how these alloying elements impart creep resistance based


 


on the mechanisms discussed in (a).






(8)


(c)
Many creep-resistant components must also resist high temperature 





oxidation as in the case of gas turbine components. Why are nickel-





chromium alloys resistant to such oxidation?





(4)

7.
Body-centred cubic metals are unique in that they have both a yield point and are prone to brittle fracture. 


(a)
Explain both phenomena in terms of features in the atomic 






structure.









(12)


(b)
Discuss also the effects of temperature and strain-rate on both yield 





point and the ductile-brittle transition.






(8)
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8.
Figure Q8 is an idealised Pourbaix diagram describing the change in electrical potential with pH for the iron-water system. A given steel is found to be in the corrosion zone (II) at a position indicated by the asterisk (*).  It is however possible to change the condition and to reduce the corrosion rate by following either path “a” or path “b” on the diagram. 


(a)
Give a practical example of the use of each method.




(6)


(b)
Explain the phenomenon of passivation that occurs in zone III.



(4)


(c)
Describe the mechanism by which stainless steel resists corrosion.


(5)


(d)
Describe the circumstances under which the corrosion resistance of


 


stainless steel can be lost.







(5)
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Figure Q8. Electropotential - pH diagram for the Fe - H2O system
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