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SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 1

SEMESTER 2

1998/99

MATERIALS ENGINEERING

Examiners: Dr A R Piercy/Dr M Philip

_________________________________________________________________________

Attempt FIVE questions only
Time allowed : 3 hours

Answer not more than  3 questions 
Total number of questions = 8

from either Section A or B

All questions carry equal marks

The figures in brackets indicate the relative weightings 

of parts of a question.

SECTION A
1
(a)
Explain why metals form close-packed crystal structures and describe the stacking in the hexagonal close-packed (HCP) and face-centred cubic (FCC) structures.
(7)









Explain why metals form close-packed crystal structures and describe the stacking in the hexagonal close-packed (HCP) and face-centred cubic (FCC) structures.
(7)


(b)
Define the "Packing Fraction" (PF) of a crystal structure and prove that 



PF = 0.74 in the FCC structure.
(7)


(c)
A certain metal has a relative atomic mass (A) of 108, a density of 10.5 x 103 kg  m-3



 and forms the FCC structure.  Determine the lattice parameter, a, of the metal.
(6)




Avagadro's Number, NA = 6.02 x 1023 atoms/mol

2
(a)
Explain, using sketches of appropriate parts of phase diagrams, the nature of:




(i)
eutectic reactions
(4)




(ii)
peritectic reactions.
(4)


(b)
Using the A-B equilibrium phase diagram in Figure Q2, determine the 





compositions and the weight % of each of the phases present in the alloy 



70 wt% A - 30 wt% B at the temperature T1, shown.
(12)
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Figure Q2

3.
(a)
Explain why dendrites form when metals solidify and explain why they are often 




"cored".
(5)



(b)
Explain the nature of dislocations in crystals and their importance in the process of 



            slip in metals.
(5)




Hence explain what is meant by "solid-solution strengthening".
(4)



(c)
Sketch and explain the origin of the grain structures that result, in a metal, during 





die casting and explain the influence of this structure on the strength of the casting.
(6)

4.
Figure Q4 shows part of the iron-carbon thermal equilibrium phase diagram.


[image: image2.wmf]0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

Composition (wt% C)

Fe

400

600

800

1000

a + g

a

g

a + 

g +

Fe  C

3

Fe  C

3

Temperature ( °C)



Figure Q4

(a)
Describe the structures of the  (Ferrite), (Austenite) and Fe3C (Cementite) 




phases and also that of Pearlite.
(5)


(b)
Explain the physical processes that occur in the alloy 99.7 wt% Fe - 0.3 wt% C as it 




is cooled slowly from 1000 °C to 300 °C, describing the microstructures that form 




at each stage.
(10)


(c)
Explain the conditions under which Martensite would form in this alloy and 




describe the structure of Martensite.
(5)


SECTION B

5.
The pin-jointed cantilevered truss shown in Figure Q5 carries a load of 25 kN.  All the 



horizontal and vertical members are of length 2 m and the weights of all the members can 



be ignored.
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FIGURE Q5

(a)
Draw the free-body diagram of the truss and hence determine the resultant forces 




(magnitude and direction) acting on the supports.
(8)



(b)
Using the method of sections (or otherwise), find the forces in members AE and 





DE.
(6)


(c)
Hence find the force in the members EF and BE.
(6)

6
A compound bar is made up of two strips of aluminium alloy (25 mm wide by 10 mm thick) fixed rigidly either side of a steel strip (25 mm wide by 5 mm thick), as shown in Figure Q6.
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Figure Q6


(a)
If the bar carries a load of 1 kN, determine:



(i)
the combined modulus of the bar.
(4)



(ii)
the strain in the bar.
(3)



(iii)
the stress in each element of the bar.
(3)


(b)
With no load applied, the temperature of the bar is increased by 60 °C.  Determine the 




stresses in each element of the bar.
(10)

Data:

For steel:

E = 200 GPa  and   = 11 x 10-6  (°C)-1
For Aluminium:
E = 70 GPa     and   = 22 x 10-6  (°C)-1
7.
(a)
Derive the expression
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which relates the bending moment M and shear force Q acting on a beam subject 




to a  varying distributed load w(x).
(4)


(b)
A beam is simply-supported at A and B and loaded as shown in Figure Q7.
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Figure Q7

(i)
Draw, to scale, the shear force and bending moment diagrams for the 



beam, making clear the sign convention and scales you use.
(12)



(ii)
Determine where the maximum bending moment occurs and determine its 





magnitude and sense.
(4)

8.
(a)
Explain what is meant by the Neutral Plane and the Neutral Axis (N.A.) in a beam 




subject to bending.
(3)


(b)
Derive the equation,
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relating the stress, , at a distance, y, from the neutral axis (NA) in a beam whose 




elastic modulus is E and R is the radius of curvature of the NA.
(6)


(c)
Define the Second Moment of Area, I, of a section and calculate I, about the NA, 




for the section of beam shown in Figure Q8.
(7)
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Figure Q8


(You may assume that 
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 for a rectangular cross-section of width b and depth  d)


(d)
Determine the maximum bending stress in a beam with the cross-section shown in 




Figure Q8 when it is subjected to a bending moment of 100 kN m.
(4)
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