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DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING (DEEI)
DIPLOMA IN MECHANICAL ENGINEERING (DMEN)
EGM1182/1184: STRUCTURES AND PROPERTIES OF MATERIALS
FINAL EXAMINATION: APRIL 2018 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1

(a) Write down the electron configuration of Al and AI3+,

(4 marks)
(b) How many atoms are there in 1 g of gold?

(2 marks)

(c) A solder contains 52 wt % tin and 48 wt % lead. What are the atomic percentages of Sn
and Pb in the solder?

(8 marks)
(d) Show that the atomic packing factor for BCC is 0.68.

(7 marks)
(e) Draw direction vectors in unit cells for both cubic directions: [111] and [1710]

(4 marks)
Question 2
(a) Draw in unit cube the crystal plane that has the following Miller index: (302)

(4 marks)

(b) Describe and illustrate the solidification process of a pure metal in terms of the nucleation
and growth of crystals.
(9 marks)

(c) Describe the relationship of Burgers vector—dislocation line orientations for edge and screw

dislocations.
(4 marks)

(d) A cupronickel alloy consists of 80 wt % Cu and 20 wt % Ni. What are the atomic

percentages of Cu and Ni in the alloy?
(8 marks)
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Question 3

(a) What is the mass in grams for one atom of molybdenum?
(2 marks)

(b) For a BCC crystal structure, how many atoms are there per unit cell and what is the
coordination number? '
(2 marks)

() If 500 g of a 40 wt % Ag—60 wt % Cu alloy is slowly cooled from 1000°C to just below
780°C (refer Figure Q3) :

(1) How many grams of liquid and proeutectic alpha are present at 850°C?
(4 marks)

(i)  How many grams of liquid and proeutectic alpha are present at 780°C + AT ?
(4 marks)

(ii)  How many grams of alpha are present in the eutectic structure at 780°C - AT ?
(2 marks)

(iv)  How many grams of beta are present in the eutectic structure at 780°C - AT ?
(2 marks)

(d) What is the difference between homogeneous and heterogeneous nucleation for the
solidification of a pure metal.
(3 marks)
(¢e)  Briefly describe a solid solution.
(3 marks)
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Question 4

(a) Twenty-cm-long rod with a diameter of 0.250 cm is loaded with a 5000 N weight. If the
diameter decreases to 0.210 cm while material volume is retained, determine

) the engineering stress and strain at this load.

(ii) the true stress and strain at this load.
(12 marks)
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(b) When a cold-worked metal is heated into the temperature range where recovery takes place,
how are the following affected:

(1) internal residual stresses

(2 marks)
(1) strength

(2 marks)
(iii)  ductility

(2 marks)
(iv)  hardness

(2 marks)

(©) A brass wire is cold-drawn 25 percent to a diameter of 1.10 mm. It is then further cold-
drawn to 0.900 mm. What is the total percent cold reduction?
(5 marks)

Question 5

(a) What are some common properties of ceramic materials?
(8 marks)

(b) Explain the differences between the characteristics of thermoplastic and thermosetting
plastics.

(3 marks)

(c) Briefly explain the definition of the following polymeric materials and give examples of
item made from it:

) Plastics.

(3 marks)
(i1) Elastomers.

(3 marks)

(d) An iron wire is to conduct a 6.5 A current with a maximum voltage drop of 0.005 V/cm.
What must be the minimum diameter of the wire in meters at (20°C)? (Resistivity for iron
at 0°C = 9.0.x 10 Q cm, coefficient of resistivity = 0.0045°C™1)

SRS (5 marks)
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Question 6

(a)

(b)

()

(d

A 5.0 mm diameter, 50 mm long cylindrical silicon specimen has a current of 0.1 A passing
in axial direction. A voltage of 12.5 V is measured across two probes that are separated by
38 mm.

(1) Find the electrical conductivity of the specimen.
(i) Compute the resistance over the entire 50 mm of the specimen.

(5 marks)

At what temperature will an iron wire have the same electrical resistivity as an aluminum
one has at 35°C? (Resistivity for iron at 0°C = 9.0 x 10 Q cm, coefficient of resistivity =
0.0045°C™! ; Resistivity for aluminum at 0°C = 2.7 x 10 Q cm, coefficient of resistivity
=0.0039°C")

(4 marks)

What is the formula for mean stress, stress amplitude and stress ratio.
(6 marks)

A fatigue test is made with a mean stress 120 MPa and a stress amplitude of 165 MPa.
Calculate:

(1) the maximum and minimum stresses

(5 marks)
(i)  the stress ratio

(2 marks)
(i)  the stress range

(2 marks)

-THE END-
EGM1182/1184 (1)/Apr2018/formatted
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