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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.

Calculators are permitted.

Assume ‘g’  =  9.81 m/s2.









Q1.


An electric cart is to be used to transport injured and elderly passengers between two terminals at a new airport.  The cart is capable of accelerating at a uniform rate of 1.95m/s2 and tests have shown that a uniform deceleration of 2.6m/s2 is comfortable for the passengers.  The maximum speed of the cart is 28 kilometres per hour.  The cart is to travel a distance of 375m between the two airport terminals over level ground.

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

(4 marks)

(b) Calculate the fastest time in which the cart 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 cart and passengers is 480kg, also determine the kinetic energy of the cart during the journey.
(4 marks)

(d) If the cart was travelling at its maximum speed, and the battery failed just at the moment it started to travel up an incline of 1 in 20 (5% slope), determine the distance that the cart 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 15m/s when the displacement is 80mm from the mid-position, and 3m/s when the displacement is 160mm 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 120mm 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 steel cylindrical flywheel is 675mm in diameter, has a width of 75mm and is free to rotate about its polar axis.  It is uniformly accelerated from 750 rev/min to 1500 rev/min in 15s.  Acting on the flywheel is a constant friction torque of 1.4Nm as a result of worn bearings.  The density of the steel is 7800 kg/m3. 

(a) Determine the accelerating torque that must be applied to the flywheel to produce the motion.
(8 marks)

(b) If the flywheel was replaced by another of exactly the same mass, but having a radius of gyration of 425mm, what will be the required accelerating torque?

(2 marks)

(c) For the original flywheel in part(a), if the accelerating torque was removed instantaneously when the flywheel reached its upper speed, and it was allowed to slow down to rest, determine;

(i) the kinetic energy that would be lost during retardation
(2 marks)

(ii) the angular retardation
(3 marks)

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

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

(3 marks)






Q4.
																																																																																		Not to scale															60o
c
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The diagram above represents a slider-crank mechanism, where point A is rigidly fixed, and point C is constrained to move in a horizontal direction.  AB is the crank of length 50mm, and rotates in an anticlockwise direction at a speed of 1750 rev/min.  BC is the connecting-rod and has a length of 170mm.

(a) Explain why it is often necessary to determine the velocity and acceleration of points in such a mechanism.
(2 marks)

(b) When constructing a velocity diagram, explain what assumptions are necessary in order to construct an accurate diagram.
(4 marks)

(c) For the mechanism given above construct an accurate velocity diagram on the paper supplied, using an appropriate scale, and annotate the diagram with points and data.  Also determine the centripetal acceleration of B relative to A, and C to B.

(10 marks)

(d) Briefly discuss why, when constructing an acceleration diagram, the acceleration of one point relative to another potentially has two components.

(4 marks)


Formula Sheet

Assume g = 9.81ms-2 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; 	v = ω √(r2 – x2)	a = -ω2x	T= = 
Linear acceleration:			Angular Acceleration:
	v = u + at				ω1 = ω2 + αt
	s = ut + ½ at2				θ = ω1t + ½αt2
	v2 = u2 + 2as				ω22 = ω12 + 2αθ
	s = ½ (u + v)t				θ = ½(ω1 + ω2)t
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