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INSTRUCTION: Answer FOUR (4) questions only

Please use the answer booklet only.
Question 1

The three buffers at one end of a trailer each require a force of 1.5 MN/m of compression
and engage with a truck having two similar buffers which travels on a straight horizontal
track. The trailer has a mass of 25 tonnes and its speed is 3.5 m/s, while the truck has a

mass of 10 tonnes with initial speed 1.5 m/s, in the same direction. Find,

(a) The common speed when moving together during impact,
(5 marks)

(b) The kinetic energy then lost to the system and the compression of each buffer spring
to store this, and
(10 marks)
(c) The velocity of each truck on separation if only 25% of the energy stored in the
springs is returned.
(10 marks)
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Question 2

With reference to Figure 1, E is the engine flywheel, having moment of inertia 125 kg.m?. It
is geared to pinion D so that the speed of E is '/s of the speed of D. Pinion D is connected to
the plate C of a dog clutch by a torsion spring which requires 200Nm torque to twist C
through 1 radian relative to D. The flywheel A, having moment of inertia 0.6 kg.m?, is made
to rotate at 1500 rev/min and then the dog clutch is engaged. The clutch can transmit toque
from B to C only in the direction in which A is initially rotating or from C to B in the opposite

direction.

Neglecting all losses and the inertia of parts B, C and D, and neglecting also any additional

energy supplied by the motor used to give A it initial velocity, find

(a) The final angular velocities of D and E, and
8 . (15 marks)
(b) the maximum torque transmitted by the clutch.
(10 marks)

Figure 1. Inertia Starter for an Internal Combustion Engine.
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Question 3

With reference to Figure 2, attached to a uniformly rotating shaft are four discs A, B, C and
D, spaced at equal intervals along the shaft, of mass 7.5kg, 12.5kg, 7kg and 6kg
respectively; the mass centres of the discs are at 4mm, 3mm, 5mm and 8mm respectively
from the axis of rotation. An additional mass M may be attached to D at an effective radius

of 60mm from the axis of rotation. For complete dynamic balance for the rotating shaft, find;

(a) The minimum value of the mass of M, and
(15marks)

(b) The relative angular positions of the mass centres of all the masses
(10marks)

A A A

Figure 2. A Uniform Rotating Shaft with Attached Discs A, B, C and D..
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Question 4

With reference to Figure 3, a shaft 1.4m long carries four eccentric loads A, B, C and D,
spaced at Om, 0.45m, 0.75m and 1.4m from the end. The loads are respectively 7.5kg,
11kg, 15kg and 6kg, and eccentricities are 36mm, 48mm, 54mm and 96mm. The directions
of the eccentricities of B, C and D relative to A are 60°, 200° and 270°. The shaft is carried
in bearings E and F, which are 0.175m and 1.0m from A, E being between A an B.

(a) Determine the maximum and minimum vertical forces on bearing F, when the shaft
rotates at 90rev/min.
(20 marks)

(b) What is the maximum speed at which the shaft may run, to ensure that the vertical
component of the load on F is always downwards?

- : (5 marks)

s F

T*{’O? 75 mte-(13 mmpqOQSm_]«mO“‘m W
Q175m

{=)

Figure 3. Shaft Carrying Four Eccentric Loads A, B, C and D.
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Question 5

The arrangement of an internal expanding two leading shoe brake is as shown in the Figure
4. When the brake is operated, fluid under pressure enters the chambers marked A and the
pistons force the shoe against the inside of the brake drum which is 288mm internal
diameter. The pistons are both 30mm diameter and the wheel to which the brake drum is
fitted is 830mm diameter. The normal reaction between the wheel and the road is 2.25kN,
the coefficient of friction between the tyre and the road is 0.75 and the coefficient of friction

between the drum and the brake lining is 0.3.

(a) Determine the hydraulic pressure required to lock the wheel for the direction of

drum rotation shown, and

(15 marks)

(b) Express this as a percentage of the pressure required when the direction of
rotation is reversed.

(10 marks)

Figure 4. An Internal Expanding Two Leading Shoe Brake System.
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Question 6

With reference to Figure 5, two shafts, A and B, in the same straight line are geared together
through an intermediate parallel shaft C. The wheel connecting A and C have a module of
2, those connecting C and B a module of 3.5. The speed of B is to be about, but less than,
1/5 that of A. If the two pinions have each 16 teeth, find

(a) suitable teeth for the wheels,

(15 marks)
(b) the actual ratio, and
(5 marks)
(c) the corresponding distance of shaft C from A.
(5 marks)

Assuming that gears available has the following number of teeth; 30, 36, 40, 48, 54, 61, 68
and 82.

Figure 5. Two Shafts Geared Together Through an Intermediate Parallel
Shaft.
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