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SECTION A

QUESTION 1

a) Discuss the difference between static and dynamic balancing in a non coplanar system.

|6 Marks|
b)  An experimental balancing rig consists of four discs A, B, C and D mounted on a rotating shaft, the
linear distances between each of the discs being (.5m. On each disc provision is made for the attachment
of unbalanced masses at different radii and angular displacement. If a mass ol 0.6kg at radius 120mm is
attached to I3 at 0° and a mass of 0.3kg at radius 120mm is attached at C at 120° {ind the magnitude and
angular position relative to B of masses placed at A and T at radii 100mm and 90mm respectively Lo give

the system complete static and dynamic balance.
[14 Marks]|

Total marks for Question 1 =20 marks

QUESTION 2

a} Discuss the advantages of using epicycelic gear traing and provide some typical examples of their usc in
practice.

[5 Marks]
An epicyelic gear train shown in figure Q2 below has wheel A which has 30 teeth and rotates at 25rev/s,
the lixed annular wheel C has 120 teeth and the other annular wheel E 100} teeth and wheel D has 40

teeth. What is the speed of rotation of the annular wheel E?

i

=

[15 Marks]
Figure )2

Total marks for Question 2 =20 Marks




QUESTION 3

The lifting device shown in figure Q3 consists of a motor M driving a drum 1) through a reduction
gearbox. The load 1s lifted by a cable wrapped around the drum. Using the data provided calculate
the vertical acceleration ol the load neglecting the mass ol the cable, Take the moment of inertia of
the motor and gears on the motor shaft as 0.04Kgm? and the moment of inertia of the drum and
cables on the drum shaft as 25Kgm®. The gear reduction is 30:1. the drum diameter is 800mm, the
mass of the load is 500kg, the motor torque is 104Nm and the mechanical efficiency of the motor is

85%.

Motor (M)
Gearbox

Drum (L)

Figure Q3

Load

Total marks for Question 3 = 20 marks




SECTIONB

QUESTION 4

A steel pipe of internal diameter 30mn1 and external diameter 120mm is subject to an internal pressure of
12MPa and an extemnal pressure of 3MPa.
(1) What are the radial and circumferential stresses at the inner and outer surfaces,
(11) Sketch the variation of hoop stress across the material.clearly showing the maximum and
minimum positions of hoop siress.
[20 marks]

Total marks for Question 4 = 20 marks

QUESTION 5

The shaft shown in Figure ()5 consists of a 30mm diameter solid section CD and a tube AC that has an
outside diameter of 45mn1 and an inside diameter of 33mm. The shaft is subjcected to concentrated

torques at B, C, and D. The shear modulus ol elasticity is G = 73 GPa. Calculale

1) The maximum shear siress in the shatt.
[12 Marks]
i) The angle of rotation of each section.
[4 Marks]
111) The angle of rotation of D relative 1o A.
[4 Marks|

Figure ()5

Total marks for Question 5 = 20 marks

END OF PAPER
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SECTION A
QUESTION 1

A simple sun-planet-annulus epicyelic gear train as shown in Figure Q1 has 40 teeth on the sun
wheel and 90 teeth on the annulus. If the speed of the sun is 900rev/min at what speed must the

annulus be driven to cause the planel carrier (arm) rotate at 18 revimin.

(a} in the same direction as the sun.

(b} inthe opposite direction as the sun.

Figure (31
[20 Marks]

Total marks for Question 1 = 20 marks

QUESTION 2

For the hoist system shown in Figure Q2 a motor rotates a wheel A which is geared to wheel B and
hence lifts the load by wrapping around a drum attached to wheel B. What motor torque is required
to lift a load of 350kg with an acceleration of 1.5m/s%.

The drum has a radius of 250mm, a moment of inertia of 22kgm?® and a frictional torque of 75Nm.
(Fear B has 120 tecth and gear A has 45 teeth. The moment of inertia of the motor shafl is 1.5kem?
and has a frictional torque of 30Nm.

[20 marks]

A

Figure (32

Total marks for Question 2 = 20) marks




'QUESTION 3

Discuss why can a Vee section belt transmit more power before belt slippage compare to

a 1lal section bell drive,

[6 Marks]

A belt is 200mm wide and laps a 600mm diameter pulley by 170 If the maximum permissible
tension is 12N/mun width of belt and the coefficient of friction is (1.25, caleulate the power

transmitted when the pulley rotates at 240rpim.

[14 marks]

Total marks for Question 3 = 20 marks



- SECTION B

QUESTION 4

The maximum stress permitted in a thick cylinder of internal and external radii 200mm and 300mm
respectively is 20N/mm?. If the external pressure is SN/mm? find the internal pressure that can be

applied. Plot a curve showing the variation ol circumferential and radial stress through the material.

Total marks for Question 4= 20 marks

QUESTION &

A 40 mm solid titanium-alloy shaft (G = 42 (GPa) is connected at B to an aluminum-alloy tube (G = 28
(iPa) that has an outside diameter of 65 mm and an inside diameter of 50 mm. The shaft is subjected to a

conecentrated torque at B of 2.1 kN m. Calculate:

{(a) The maximum shear stress in the shafl
[15 Marks|

{(b) The angle ol rotation of B relative to A
[5 Marks]

Total marks for Question 5= 20 marks

END OF PAPER
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