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Assume ‘g’  =  9.81 m/s2.









Q1.


(a) An engineer is designing the runway for a small airport.  Of the aircraft that will use the runway, the lowest acceleration is likely to be 4.0 m/s2.  The takeoff speed of this plane is 70 m/s.  Assuming this maximum acceleration and that the aircraft starts from rest, what is the minimum allowable length of the runway?  What assumptions have been made in your calculations?

(5 marks)

(b) If the aircraft described in part (a) above suffered from a 10% reduction in its normal acceleration capability, by how long would the runway need to be extended to account for this loss of maximum acceleration?
(2 marks)

(c) An Airbus A320 is required to use the small airport with the runway length as found in part (a) above.  Its takeoff speed is 275 km/h and the constant acceleration is considered as being 7.5 m/s2.  During a routine takeoff from the said airport, the pilot is required to abort when a speed of 260 km/h is reached.  If the pilot reacts immediately and applies braking at a constant rate to bring the aircraft to rest safely at the end of the runway;

(i) draw a suitable velocity-time graph depicting the journey of the aircraft, showing all known data,
(4 marks)
(ii) determine the deceleration of the aircraft, assuming no skidding,
(5 marks)
(iii) determine the duration of the journey from the start to the end of the runway.
(4 marks)



Q2.

Rotary motion of the wheels of a steam locomotive is achieved by means of a crosshead mechanism, which reciprocates within straight horizontal guides and converts this linear motion into rotary motion at the wheels.  The crosshead motion is periodic at any given constant speed of the locomotive, and can be modelled as Simple Harmonic Motion (SHM).

(a) What statements define Simple Harmonic Motion in terms of the reciprocating motion observed by the crosshead?

(2 marks)

(b) Sketch and label a single graph that depicts the relative displacement, velocity and acceleration of the crosshead moving with SHM about its mid-position over a period T.
(4 marks)

(c) When the locomotive is found to be travelling at a given constant speed, it is found that, at distances of 75 mm and 200 mm from its mid-position, the crosshead has velocities of 12 m/s and 4 m/s respectively.  

(i) Determine the amplitude of motion of the crosshead mechanism.  

							(6 marks)

(ii) Determine the maximum velocity experienced by the crosshead when in motion, and the periodic time of the motion.

							(4 marks)
(iii) What is the maximum force experienced by the crosshead mechanism during its motion, given that its mass is 2.27 kg ?

(4 marks)




Q3.
A simple mechanical Kinetic Energy Recovery System (KERS) is used to store rotational mechanical energy.  The system is essentially a solid disc flywheel coupled to a solid cylindrical shaft through its polar axis, which is supported by bearings either side of the flywheel.  The flywheel and portion of shaft passing through the flywheel has a mass of 85 kg and a diameter of 450 mm.  From rest, the flywheel is uniformly accelerated to a speed of 120 rev/min in a time of 25 seconds.
(a) Determine the accelerating torque that must be applied to the flywheel to produce the motion, and (other than constant acceleration) what is the fundamental assumption in your analysis?
(6 marks)

(b) What would be the difference in kinetic energy storage, if a compound flywheel of mass 70 kg (including the mass of the portion of shaft passing through the flywheel) with a radius of gyration of 375 mm, replaced the original flywheel described above?

(4 marks)

(c) If the bearings supporting the shaft and original solid disc flywheel where found to impose a resisting torque equivalent to 5% of the accelerating torque, what would be its new final speed given that the flywheel still accelerates from rest for a duration of 25 seconds?

(4 marks)

(d) The kinetic energy stored in the KERS device, when the compound flywheel is incorporated as in part(b) above, is coupled to a lift mechanism through a clutch and chain drive arrangement.  Assuming no energy losses through the power drive system (i.e. clutch and chain drive), to what height would a lift of mass 25 kg travel vertically, if the energy stored in the KERS solid flywheel was at its peak value when rotating at 120 rev/min?  Assume that 100% of the stored energy is used to power the lift.

(3 marks)

(e) If the compound flywheel was only able to attain a maximum speed of 100 rev/min during its acceleration, to what height would the lift described above be raised vertically?

(3 marks)
[bookmark: _GoBack]Q4.	c



Dry friction refers to the phenomenon of one body sliding over another where no lubrication between the two surfaces is applied.

(a) State three of the laws which define Dry Friction.
(3 marks)

(b) Two people are just able to push a crate of mass 275 kg along the horizontal surface of a flat-bed truck, using a combined force of 1.2 kN.  Assume that the coefficient of between the crate and the surface of the flat-bed truck is the same in all cases (i.e. static and dynamic friction).

(i) Determine the coefficient of static friction between the crate and the surface of the flat-bed truck.

(4 marks)

(ii) If the truck was to travel up a constant incline (hill) of 35⁰ at a steady speed, determine the forces that would be experienced in a fixing wire if the wire was attached to the crate parallel to the incline, and secondly, attached horizontal to the crate.  In both cases, the purpose of the fixing wire is to just prevent motion of the crate along (i.e. down) the surface of the truck as it travels up the incline.
(10 marks)


(iii) For the higher value of force determined in part (b)(ii) above, find the stress in the fixing wire if it was considered to be a cylindrical rod of 8 mm diameter.
(3 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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