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answer THREE out of FOUR QUESTIONS 



A formula sheet is provided for reference.

University approved calculators are permitted.

Assume ‘g’  =  9.81 m/s2.











answer THREE out of FOUR QUESTIONS 

Q1.


An electric hoist is used to transport building materials from ground level to the top of a building whilst it is being constructed.  The unloaded hoist starts from ground level and uniformly accelerates vertically at 1.75 m/s2 for a duration of 3.5 seconds.  It then travels with uniform velocity for a further 10 seconds and is finally brought to rest at the top of the building with a uniform retardation of 2.2 m/s2.
[bookmark: _GoBack]
(a) For the data given above, draw a velocity-time graph of the motion, adding all known and unknown information.

(4 marks)

(b) Determine the height of the building.
(6 marks)

(c) If the hoist was loaded to its maximum load value of 150 kg (neglecting the mass of the hoist system itself), determine the average kinetic energy of the loaded hoist in raising it from ground level to the top of the building.
(5 marks)

(d) How long does a worker at the top of the building have, if the wire attached to the hoist snaps when it has reached the top of the building, to shout down to warn workers at ground level of the falling hoist?  Take the speed of sound in air to be 343 m/s.  State the assumptions made in this calculation?
(5 marks)



Q2.

In a long-stroke reciprocating piston mechanism, a crosshead device moves within a straight guide with Simple Harmonic Motion (SHM).  At distances of 125 mm and 200 mm from its mid-position, the crosshead has velocities of 6 m/s and 3 m/s respectively.

(a) What two recognised statements define simple harmonic motion in terms of the period motion observed in such a system?

(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) Determine the amplitude of the motion of the crosshead device.
(6 marks)

(d) Determine the maximum velocity experienced by the crosshead when in motion, and the periodic time of the motion.
(4 marks)
(e) If the crosshead has a mass of 0.45 kg, what is the maximum force experienced by the crosshead during motion?
(4 marks)



Q3.

An impact riveting machine incorporates a simple solid disc flywheel to store kinetic energy and supply intermittent pulses of energy during the riveting operation.  The steel cylindrical flywheel is 475 mm in diameter, has a width of 75 mm and is free to rotate about its polar axis.  It is uniformly accelerated from rest to 45 rev/min in a time of 12 s.   The density of the steel is 7850 kg/m3. 

(a) Determine the accelerating torque that must be applied to the flywheel 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 ‘run dry’ and impose a constant frictional torque of 0.15 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 apply lubrication to the 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) State three recognised laws of Dry Friction.
(3 marks)

(b) A trolley loaded with a mass of 100 kg is to be moved up an incline of 10° to the horizontal, by human exertion.  The coefficient of static friction between the trolley and the inclined surface is 0.3.  Determine whether it would be easier for the person to push the trolley by means of applying a force horizontally, or by means of a pulling force applied parallel to the inclined plane, in order to start moving the trolley up the incline.
(10 marks)

(c) The person subsequently decided to use a manually operated winding drum (winch) of diameter 250 mm, to pull the trolley up the incline by attaching the cable of the winding drum to the trolley parallel to the plane.  What would be the necessary torque applied by the winding drum once the trolley is in motion, if the coefficient of dynamic friction between the trolley and plane is 0.2?  State any assumptions that have be made in your analysis.

(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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