* INT International
University & Colleges

FINAL
ALTERNATIVE ASSESSMENT

(COVER PAGE)

Session ; April 2020

Programme : Diploma in Electrical & Electronic Engineering (DEEI)
Diploma in Mechanical Engineering (DMEN)

Course : EGM1182/EGM1184: Structures and Properties of Materials
Date of Examination 3 August 2020 (Monday)

Time : 4.00pm — 6.15pm Reading Time Nil
Duration ; 2 Hours 15 Minutes

Special Instructions

This paper consists of FOUR (4) questions. Answer all FOUR (4) questions.

Material permitted
Non-Programmable Scientific Calculator

Materials provided
Periodic Table

Examiner(s) : Mr Johnny Wong

Chief Moderator : Ms lylia Elena

This paper consists of 7 printed pages, including the cover page



EGM1182/ EGM1184 (F) / Page 1 of 6

DIPLOMA IN MECHANICAL ENGINEERING PROGRAMME (DMEN)
DIPLOMA IN ELECTRICAL & ELECTRONICS ENGINEERING PROGRAMME (DEEI)
EGM1182/EGM1184: STRUCTURES AND PROPERTIES OF MATERIALS
FINAL ALTERNATIVE ASSESSMENT: APRIL 2020 SESSION

Instructions: This paper consists of FOUR (4) questions. Answer all FOUR (4) questions.
Question 1

(a) Sterling silver contains 92.5 wt% of silver and 7.5 wt % copper. Copper is added to silver
to make the metal stronger and more durable. A small silver spoon has a mass of 80 g.
Calculate the number of copper and silver atoms in the spoon. (Na = 6.022x10%%)

(4 marks)
(b) Write the electron configurations of the following ions using spdf notation:
i Sed
ii. Se?”
(4 marks)

(c) Calculate the volume in cubic nanometers of a unit cell of titanium crystal structure.
Titanium is HCP at 20°C with a = 0.29504 nm and ¢ = 0.46833 nm.

(4 marks)
(d) Briefly explain the following terms related to solidification of metals.
i.  Homogeneous nucleation
(3 marks)
ii.  Heterogeneous nucleation
(3 marks)

(e) Determine Miller indices for the planes in the cubic unit cell shown in Figure Q1e.
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Figure Qle

(7 marks)
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Question 2

(@) Determine the direction indices of A, B, C and D as shown in Figure Q2a.

Figure Q2a

(8 marks)

(b) Tin substitutional atoms are introduced into a FCC copper crystal, producing an alloy with
a lattice parameter of 3.7589 x 10~8 cm and a density of 8.772 g/cm?®. Calculate the atomic
percentage of tin present in the alloy. (Na = 6.022x102%% atoms/mol)

(8 marks)
(c) Briefly describe the following terms that related to fatigue test of materials.
(i) Endurance limit
(3 marks)
(i) Fracture surface of fatigue failure
(3 marks)

(d) For a ceramic compound, what are the two characteristics of the component ions that
determine the crystal structure?
(3 marks)



Question 3
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(a) A fatigue test is made with maximum stress of 172 MPa and a minimum stress of —27.6
MPa. Calculate

(i)
(ii)

the stress amplitude
the mean stress

(4 marks)

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

779 °C. Refer to Figure Q3b to determine the following.

Q) How many grams of liquid and proeutectic alpha are present at 850 °C?
(i) How many grams of liquid and proeutectic alpha are present at 779 °C + AT ?

(iii)  How many grams of alpha are present in the eutectic structure at 779 °C —AT ?
(iv)  How many grams of beta are present in the eutectic structure at 779 °C —AT ?
Composition (at% Ag)
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Figure Q3b
(10 marks)

(c) Briefly explain the following terms that relate to an iron carbide metal.

(i) Eutectoid cementite
(ii) Pearlite

(8 marks)
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(d) A high molecular weight polyethylene —[C2H4]n— has an average molecular weight of 410,000
g/mol. What is its average degree of polymerization?

(3 marks)

Question 4
(a) The monomer of a typical acrylic polymer, polymethyl methacrylate, is shown in the
figure Q4a below.

H CH;j
C=C
|
H (|?=O
O
I
CH;
Figure Q4a

Calculate the molecular weight of the polymethyl methacrylate molecule with degree of
polymerization, n = 500.

(4 marks)
(b) The following table Q4b contains two data points for a titanium alloy.

No £ o (MPa)

1 0.002778 300

2 0.005556 600

Figure Q4b
Calculate the modulus of elasticity E for this alloy.

(3 marks)

(c) Calculate electrical resistance of an iron rod with 0.720 cm diameter and 0.850 m length
at 20°C. [Electrical resistivity p (at 20°C) = 10.0 x 10° Q.cm.]

(4 marks)

(d) A current density of 100,000 A/cm? is applied to a 50 m long gold wire. A resistance of 2
Q is measured along the wire. Calculate diameter of the wire and the voltage imposed on
the wire. Given the conductivity of gold is 4.26 x 10° (Qcm)™.

(6 marks)
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(e) Briefly describe the following terms that are related to mechanical test.

i. Ductility
(2 marks)
ii. Modulus of elasticity
(3 marks)
ili. Impact test (with an example)
(3 marks)

~The End ~
egm1182/1184 /apr2020
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