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answer THREE out of FOUR QUESTIONS 

Equipment or materials required – None
Adnoddau neu ddefnyddiau sydd eu hangen – Dim

A formula sheet is provided for reference.

University approved calculators are permitted.

Assume ‘g’  =  9.81 m/s2.









Q1.


An autonomous goods trolley used in a large warehouse facility, when loaded can accelerate at a constant rate of 1.9 m/s2, and decelerate at a constant rate of 2.5 m/s2.  The maximum speed of the autonomous trolley is 24 km/h.  The trolley is to travel a distance of 275 m between two stations in the warehouse.

(a) Sketch a suitable velocity-time graph, adding all relevant data as given above.

(4 marks)

(b) Calculate the fastest time in which the autonomous trolley can travel the required distance.  State any assumptions made in your analysis.
(6 marks)

(c) Determine the average velocity of the journey in metres per second, and if the total mass of the trolley and goods is 450 kg, also determine the kinetic energy of the buggy during the journey.
(4 marks)

(d) If the trolley was travelling at its maximum speed, and the power failed just at the moment it started to travel up an incline of 1 in 25 (4% slope), determine the distance that the trolley would travel up the incline before coming to rest.  State any assumptions made in your analysis.
(6 marks)



Q2.

A piston attached to a connecting rod and crankshaft, reciprocating within a cylinder, is said to exhibit periodic motion.  Neither the velocity nor the acceleration acting on the piston is uniform and so they cannot be modelled using the equations for uniform acceleration.  However, although the periodic movement of the piston is complicated, its motion may be modelled using Simple Harmonic Motion (SHM).

(a) Define what is meant by simple harmonic motion, in terms of its special periodic movement.

(2 marks)

(b) Sketch and annotate a graph illustrating the relative displacement, velocity and acceleration of a body moving with SHM over a period T.
(4 marks)

(c) A piston moving with SHM in a straight line has a velocity of 15 m/s when the displacement is 80 mm from the mid-position, and 3 m/s when the displacement is 160 mm from the mid-position.  Determine:

(i) the amplitude and frequency of the motion;		(8 marks)

(ii) the maximum acceleration of the piston, and the acceleration when the displacement is 120 mm from the mid-position.	

							(3 marks)

(d) Based upon your calculations above, explain why pistons (for passenger vehicles) are generally manufactured from an aluminium alloy.
(3 marks)



Q3.

A mechanical forging power hammer requires a flywheel to store kinetic energy.  The steel cylindrical flywheel has a diameter of 650 mm and thickness 55 mm, and the density of the steel is 7800 kg/m3.  The flywheel is free to rotate about its polar axis, and is uniformly accelerated from rest to 250 rev/min in a time of 40 seconds.  

(a) Calculate the accelerating torque that must be produced by the motor to produce the motion, and state any assumptions made in your analysis.
(8 marks)

(b) If the cylindrical roller bearings supporting the shaft which passes through the polar axis of the flywheel were to partially collapse and impose a constant frictional torque of 0.75 Nm, determine the angular acceleration of the flywheel for the given operating conditions above.

(4 marks)

(c) If the accelerating torque was removed when the flywheel reached its upper speed, in order for it to slow down to rest and replace the cylindrical roller bearings, determine:

(i) the angular retardation;
(3 marks)

(ii) the time taken for the flywheel to come to rest;
(2 marks)

(iii) the total number of revolutions made by the flywheel during retardation.

(3 marks)






Q4.	c



(a) Discuss what is meant by the term ‘cold-welding’ of metals, with reference to dry friction.
(3 marks)

(b) The force required to move a load of 350 kg along a horizontal surface is found to be 1.15 kN.  Assuming the coefficient of friction to be the same in all cases, determine:

(i) The coefficient of static friction between the load and the surface;

(4 marks)
(ii) The force required to haul the load up an incline of 15°, if the force was applied parallel to the incline;
(6 marks)

(iii) The force required to haul the load up the same incline of 15°, if the force was applied horizontal to the inclined plane.
(7 marks)




Formula Sheet

Assume g = 9.81m/s2 in all calculations


Centripetal Force =	and, Centripetal Acceleration = 
Velocity, v = rω
Acceleration, a = rα
Momentum = Mass x Velocity
Force = Mass x Acceleration
Torque, T = Fr		and, T = Iα
I = mk2		and, for a solid disc,  I = ½mr2
Potential Energy = mgh
Kinetic Energy = ½ mv2 	and, Kinetic Energy = ½ Iω2

Strain energy =


Simple Harmonic Motion; 			a = ω2x	T= = 
Linear acceleration:			Angular Acceleration:
	v = u + at				ω2 = ω1 + αt
	s = ut + ½ at2				θ = ω1t + ½αt2
	v2 = u2 + 2as				ω22 = ω12 + 2αθ
	s = ½ (u + v)t				θ = ½(ω1 + ω2)t

Friction force, 
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