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DIPLOMA IN MECHANICAL ENGINEERING PROGRAMME (DMEN)
EGM 1184: STRUCTURES AND PROPERTIES OF MATERIALS
FINAL EXAMINATION: APRIL 2019 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) How many atoms are there in 5 g of gold?
(3 marks)
(b) A solder contains 52 wt % tin and 48 wt % lead. What are the atomic percentages of Sn
and Pb in the solder?
(8 marks)
(c) Potassium iodide (KI) exhibits predominantly ionic bonding. Which inert gases have
identical electron structures to each of the K™ and I" ions? Explain your reason with the
electron configuration.
(6 marks)
(d) Material selection is an important part of design and manufacturing processes of any
product.
(1) State five selection criteria for a flexible PVC hose pipe.
(5 marks)
(i1) Suggest an alternative material to PVC that can be used to manufacture hose
pipes and provide two reasons to justify your answer.
(3 marks)
Question 2
(a) Distinguish between homogeneous and heterogeneous nucleation for solidification of a
pure metal.
(4 marks)
(b) The solidification process of a pure metal liquid involves 3 stages. Describe and
illustrate these 3 process.
(6 marks)
(c) Crystal lattice imperfections are classified according to their geometry and shape and

one of the imperfections is point defect. Describe the following defects.
(1) Vacancy

(i1) Interstitially
(6 marks)
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(d) If there are 60 grains per square inch on a photomicrograph of a metal at 200x, what is
the ASTM grain-size number of metal.
(4 marks)
(e) Determine the ASTM grain size number if 25 grains per square inch are measured at a
magnification of 75.
(5 marks)
Question 3
(a) Consider a BCC crystal structure where the central atom is surrounded by eight nearest
neighbours.
(1) Derive the relation between the length of the side a of the BCC unit cell and the
radius of its atom.
(11) Calculate its atomic packing factor (APF).
(iii)  Iron at 20°C is BCC with atoms of atomic radius 0.124 nm. Calculate the lattice
constant a for the cube edges of the iron unit cell.
(10 marks)
(b) Copper has an atomic radius of 0.128 nm, an FCC crystal structure, and an atomic
weight of 63.5 g/mol. Assuming the atoms to be hard spheres that touch each other
along the face diagonals of the FCC unit cell, calculate the density of copper in g/cm*
(5 marks)
(c) Draw the following direction vectors in cubic unit cells.
(i)  [110]
(i)  [321]
(4 marks)
(d)  Annealing is a heat treatment process to soften metals. Describe THREE (3) factors

that affect the recrystallization process of metal during annealing.
(6 marks)
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Question 4

(a)

(b)

Briefly describe a solid solution in an alloy. State two (2) examples.
(4 marks)

The lead-tin phase diagram are given in Figure 4.1. For a 40 wt% Sn—60 wt% Pb alloy
at 150°C (300°F). Determine the following.

(1) What phases are present for the alloy at this temperature?
(i) ~ What are the compositions of the phases?
(iii)  Calculate the relative amount of each phase present in terms of mass fraction

and volume fraction. At 150 °C take the densities of Pb and Sn to be 11.23 and
7.24 g/cm’ respectively.
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(14 marks)
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The iron-iron carbide diagram are given in the Figure 4.2. For a 99.65 wt% Fe~0.35
wt% C alloy at a temperature just below the eutectoid, determine the following:

(1) The fractions of total ferrite and cementite phases.

(11) The fractions of the pearlite and proeutectoid ferrite.

(i11)  The fraction of eutectoid ferrite.

(7 marks)
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Figure 4.2

Question 5

(a)

(b)

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, determine:

(1) the engineering stress and strain at this load.

(i1) the true stress and strain at this load.
(12 marks)

When a cold-worked metal is heated into the temperature range where recovery takes
place, how are the following affected:

(1) internal residual stresses
(11) strength
(i)  ductility
(iv)  hardness

(4 marks)
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(d)
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A brass wire 1s 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)

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™)

(4 marks)

Question 6

(2)

(b)

(c)

(d)

(e)

Explain the difference between the characteristics of thermoplastic and thermosetting
plastics.
(4 marks)

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

(i) Plastics.

(2 marks)
(i1) Elastomers.

(2 marks)

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.

(11) Compute the resistance over the entire 50 mm of the specimen.
(6 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™")

(5 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

(i1) the stress ratio

(ii1)  the stress range

(6 marks)

-THE END-

EGMIIS4(F)/Apr2019/formatted
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LIST OF FORMULA
1. Avogadro’s constant = 6.02 x 1023 atoms/mol
2. Atomic packing factor, APF = votume of atoms.m a cell
volume of cubic cell
3. Number of grains in 100x magnification, N = 2"~!
. __ mass/unit cell
4. Volume density, p, = volume /unit cell
5. Engineering Stress, o = %
6. Engineering Strain, € = EA—l—
7. Modulus of elasticity, £ = %
8. Resistivity, p = %
9. Resistivity at specified temperature, pr = pgoc(1l + a7T)

10. Conductivity, o = %

11.Resistance, R = "

pl

12.Lever Rule:

. . wg-—w
a. Weight fraction of Phase A, X, = —=
wWp—Wju
. . Wo—Wa
b. Weight fraction of Phase B, X =
Wp—Wgau
13. Mass and volume fraction fraction
) 100 100
a. Mass fraction, phase a, = —w7 was—, phase b, = —; s
density;  density, density, density,
Xa Xp
PR . — Pa . o Pp
b. Volume fraction, phase a, = %o, %p° phase b, = %o %o

pa Pp Pa Py
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