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SECTION A: STRENGTH OF MATERIALS
Answer at least TWO questions from this section.
(i) Define the following terms as applied to materials:
i tensile strength;
II. spring stiffness;
I. Poisson’s ratio.
(i)  List two factors that determine the choice of factor of safety of a component.
(iii)  State Hooke’s law. (6 marks)
Figure 1 shows a tie rod made of two parts connected by a bolt. The rods are to carry
a tensile load of 200 kN. The ultimate shear and tensile stress for the bolt and rod
are 70 MN/m? and 250 MN/m? respectively. Allowing a factor of safety of 6 for both

bolt and rod, determine suitable diameters for the:

(i) connecting bolt;
(i) rod. (6 marks)
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A cylindrical mild steel bar of 50 mm diameter and 150 mm long is enclosed by a
bronze tube of the same length having an outside diameter of 70 mm and inside
diameter of 50 mm. The compound strut formed is subjected to an axial compressive
load of 150 kW. Determine the:

Fig.1

(i) stress in the steel rod and bronze tube;
(ii)  shortening of the strut.

Take: _ =4
E. =200 MN/m? ®
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Define the following terms as applied to thin cylinders:

(1) diametral strain;
(1) bulk modulus. (4 marks)

From first principles, show that for a thin cylinder subjected to internal pressure, the
hoop stress 0z is given by the equation:

vd

0';;=—QE’.

Where: p = internal pressure;
d = diameter of the cylinder;
t = cylinder thickness. (6 marks)

A thin cylinder of 80 mm internal diameter, 240 mm long with walls 3.5 mm thick is
subjected to an internal pressure of 9 MN/m®. Determine the:

(i) change in internal diameter;

(i1)  hoop stress;

(i)  longitudinal stress;

(iv)  change in internal volume;

(v)  circumferential stress if the joint efficiency is 54%.

Take: E=210GN/m’
v=04. (10 marks)

Define strain energy. &) g fé\‘qss cvon € (2 marks)
WA = ‘O“’J'-1
From first principles, show that for a bar of uniform ¢

-sectional area, subjected to a
tensile force, the resilience is given by the expresst :

Resilience = -i- X strain X stress. . (S marks)

A beam of 50 mm diameter, 4 M long is sim 1y‘§{1p Sited at the ends and carries a
uniformly distributed load of 30 N/m for the e of its length. Using Castigliano’s
first theorem, determine the deflection at the centre of the beam.

Take: E=208GN/m*. © (9 marks)

State two assumptions made in the simple torsion theory. (2 marks)
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A composite shaft is used to transmit 400 kW at a speed of 750 rev/min. The composite
shaft is made by passing a solid cylindrical steel shaft of 70 mm diameter and 2 m long
through the centre of a hollow cylindrical brass shaft 2 m long, 70 mm and 90 mm
internal and external diameters respectively. The two shafts are then rigidly joined
together at their ends. Determine the:

(1) maximum and minimum stresses in the two shafts;
(i)  angle of twist in degrees;
(iii)  total strain energy stored.

Take: G forbrass=35GN/m?®;
G for steel =T8GN/m*. (18 marks)

SECTION B: MECHANICS OF MACHINES
Answer at least TWO questions from this section.

State two conditions necessary for complete dynamic balance for a rotating shaft
carrying several masses. (2 marks)

Four masses A, B, C and D are carried on a shaft with their centres of mass 140 mm,
180 mm, 80 mm and 50 mm respectively. The massess are A = 10 kg, B = 20 kg,
C=22kgand D = 16 kg. The distance of the planes of rotation measured from mass A
are B=4m,C=5mand D=7 m. Two balance masses are fitted as follows:

One midway between A and B whose centre of mass from the shaft axis is 10 mm and
the other midway between C and D whose centre of mass from the shaft axis is 70 mm.
Determine the:

i) balance masses;
(i)  angular position of the masses with respect to A. (18 marks)

Figure 2 shows a simple gear train. Show that the velocity ratio between the driver A
and the driven B is impended of the number of teeth on the idler gear wheel.
(5 marks)

Driver




(b) Figure 3 shows two shafts A and B in the same straight line geared together through an
intermediate parallel shaft C. The wheel and pinion connecting A and C have a
module of 4, those connecting C and B have a module of 7. The speed of B is to be

about, but less than % that of A. If the two pinions have each 24 teeth, determine the:

@){\U'i ’fc”-r'

(1 suitable number of teeth for each wheel;

(i1) actual gear ratio;

(iii)  centre distance between shaft A and C. (15 marks)
D

(=10

- Fig-3

i X (a)  Assuming uniform wear, show that the torque T transmitted by a plate clutch is given

by the equation:
T= £WR
Where:
/1t = coefficient of friction;
W = axial thrust;
R = mean radii of faces on contact. (12 marks)
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(b) Athrust of 40 kN along the axis of a shaft is taken by a cone clutch. The outer and inner
diameters are 240 mm and 130 mm respectively. The semi-angle of the cone is 50°
and the coefficient of function £=0.2. Assuming that the intensity of pressure is
uniform over the surfaces of the cone clutch, determine the:

(i) intensity of pressure; ?
(i) power absorbed in friction if the shaft speed is 300 rev/min. (8 marks)
8. (a) Show that the mass moment of inertia of a solid sphere of radius R about the diametral

axis is given by the expression:

I= ~1§5—er}?5
Where: p = density of the material. (10 marks)

(b)  Auniform rod of density 1200 kg/m? has a radius of 70 mm and a length of 3 m.
Working from first principles, determine the mass moment of inertia of the rod about an
axis:

(i) at the centroid and normal to the end;
(i1) at the end and normal to the rod. (10 marks)
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