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Quaeastion 1.

A drag car with a mass of 575kg is parked on the start line. From here it is accelerated uniformly for
350m during which time it has reached a maximum velocity of 250km/h. It is immediately brought
to rest in 22 seconds, construct a velocity time diagram [3 marks] and calculate:

a) The uniform acceleration, [5 marks]
b} The time taken to cover the first 350m, [4 marks]
¢) The uniform deceleration, [5 marks]
d) The total distance travelied, {% marks]
e) The car's kinetic energy at its maximum velocity. [3 marks]
KE = lmv2
2
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Question 2.

A flywheel of mass 1.25kg and radius of gyration 0.015m is accelerated from rest up to a maximum
angular velocity of 5500rpm in a period of 25 seconds, calculate:

a) The angle the flywheel rotates through, [4 marks]
b} The angular acceleration, [4 marks)
c) The torque, [6 marks]
d} The kinetic energy, [3 marks]
e) The power absorbed in the acceleration period. [3 marks]

KEz-;-faf P=Tw T=In I =mk’

If the mass of the flywheel is reduced by 0.25kg but it still experiences the same anguiar
acceleration, calculate the difference in kinetic energy between the two mass’ of flywheel. [8 marks]

Space for answers:
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Question 3.

A single cylinder diesel engine has a volume of 0.0085m° when at bottom dead centre and a
volume of 0.0012m° at top dead centre. This engine then compresses an air fuel mixture
with a gas constant of 286.9)/kgK, from an intake temperature and pressure of 28°C and
101300N/m” respectively to a new pressure of 150400N/m?. Calculate:

a) The compression ratio, 3 marks]
b} The mass of gas at the start of compression, [5 marks]
¢} Thetemperature after compression has taken place, {5 marks]
d) The mass of gas at the end of compression. [4 marks]

P1V1:P2V2

PV =mRT
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Question 4 AKN

o

Given that the load on the bolt in the figure above is 4kN and that Young's modulus, E is

200x10°N/m?, what is the stress on the bolt and how much does the bolt extend?
[20 marks]
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Question 5.
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A weightless beam is hinged at ‘A’ and supported by a cable at B’ A weight is hung off the

beam as shown. Find:

a) Thetension ‘T,

[10 marks]
b) The horizontal and vertical forces at ‘A’, [10 marks]
¢} The magnitude and direction of the resultant force at ‘N {10 marks]
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Question 6

Explain what the following terms mean:

a) Ultimate tensile stress, [5 marks]
b} Yield stress, [5 marks]
¢} 0.1% proof stress, [5 marks]
d} Working stress, [5 marks]
e} Creep. : [5 marks]
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CQuestion 1.

The reciprocating components of an engine are considered to have a mass of 1.85kg and to
move with Simple Harmonic Motion. When the piston is 50mm away from the centre of its

oscillation it has a velocity of 38m/s, determine:

a) The frequency of the oscillation, [7 marks]
b} The stroke of the piston, [6 marks]
c) The maximum velocity obtained by the piston, [3 marks]
d) The maximum force acting on the body in kN. [4 marks]
v=xm nzzﬂ v=avd® - x* Vo =wA  F. =ma’d
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Question 2.

A rotating shaft and flywheel have a total moment of inertia of 5kgm? and rotate at 3000rpm. If the
frictional resistance of the engine is the equivalent to a torque of 2Nm and that value is constant

over all speeds, find:

a) The kinetic energy of the system and express it in kJ [6 marks],

b) The power of the system [4 marks],
c) The number of revolutions the engine will turn before it comes to rest when the fuel is cut

[10 marks].

KE ==Iao" P=Tw T=Ix

b
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Question 3.

A quantity of air in a cylinder is compressed from 0.45m> to 0.025m>. The pressure is initially
200kN/m? and the temperature rises during the compression from 20°C to 122°C. What s
the pressure of the compressed air? If the air is allowed to expand at constant temperature

to its original volume, what will be the new pressure?

PV._ PV,
T, T

[10 marks]
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Question 4

IR AN

Two metal plates are joined together with a row of rivets. The two plates are subject to a
force of 4kN for each meter of plate. If the minimum allowable shear stress on the rivet
material is 100MN/m?, what is the minimum number of rivets per meter required?

[10 marks]
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Question 5.
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A weightless beam is hinged at the wall. Find the tension in the wire ‘7" and the magnitude

and direction of the force acting at the wall. [14 marks]
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Question 6

What are composite materials? Describe two common composites materials and discuss

their advantages and disadvantages compared to metals. {16 marks]

Space for answer:
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1. A Kinetic Energy Recovery System on a race car operates by making use of energy stored in
a rotating flywheel. The car is charged by using an electric motor to get the flywheel up to its
top speed of 3000rpm. One such flywheel is a homogeneous cylinder with a mass of 15kg and

a radius of gyration of 0.15m.

a) What is the kinetic energy of the flywheel after charging? [7 marks]
b) If the car generates a torque of 50Nm, what power does it produce? [3 marks]
c) How long does it take to charge? {8 marks])
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2. At the start of its cycle a single cylinder compression ignition engine contains gas of initial
pressure 1.35bar and ambient temperature of 18°C in a volume of 0.25 litres. The volume is
then reduced until the gases pressure has increase to 38bar and the temperature is 355°C.

Calculate the new volume of the gas and the compression ratio of the engine. [8 marks]

LB=1.35x 00 m*.
ot LB AL :.)
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4. A flywheel of mass 2.5kg and radius of gyration 0.005m rotates from rest up to an
angular velocity of 1800rpm in 13 seconds. Calculate:

a) The angular acceleration, [4 marks]
b) The torque of the flywheel, [6 marks]
¢) The power absorbed in accelerating the flywheel. [4 marks]

5. A compression ignition engine has a compression ratio of 15:1. The pressure and
volume of mixture at the intake is 1.013 bar and 0.5 litres respectively and has a
temperature of 17°C. If the pressure at the end of compression is 35 bar calculate the
final volume and temperature of the gas

[10 marks]
Given that the gas has a mass of 0.025kg at the end of the compression calculate the
universal gas constant. [4 marks]

6. The reciprocating components of an engine are consi 0 have a mass of 1.5kg
and to move with Simple Harmonic Motion. ¢ piston is 30mm away from the
centre of its oscillation it has a velocit ms’l, determine:

a) The frequency of the oscillation, [8 marks]

b) The stroke of the pistot, \@\ : [6 marks]
¢) The maximuarvelocity obtained by the piston, AR [4 marks]
d) The imum force acting on the body in kN. h o [4 marks]
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4 The rotating parts of an engine may be considered to have a mass of 4.5kg acting at
a radius of gyration of 0.15m. The mass of the engine as a whole is 85kg and it is
propelling a vehicle at 45 km/h whilst rotating at a speed of 2500rev/min.

Determine:

a. The kinetic energy of the rotating parts. [4 marks]
b. The kinetic energy of the engine. [2 mark]
¢. The kinetic energy of the whole system. [2 mark]

This engine is then lifted from the vehicle; where it was mounted 0.3m above the
ground to 1m for maintenance, calculate:

d. The change in potential energy of the engine. [4 marks]
5a. Explain what you know of Charles Law. [2 mark]
b. Explain what you know of Boyles Law. [2 mark]

¢. The compression ratio of an engine is 14 to 1; the pressure at the commencement of
the compression stroke 1 250kN/m? absolute and the temperature 125°C. Calculate the
absolute pressure at the end of the compression stroke if the temperature has then risen
to 195°C. {12 marks]

6. A pipe has three cross sections X, Y, and Z of diameters 0.1m, 0.25m and 0.5m
respectively calculate the velocities of a fluid at each of the cross sections given the

flow rate is 2m°/s. Find the percentage decrease in velocity from A to C.
[12 marks]
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