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Question 1

a)
In the context of complex stress, explain what is meant by the terms ‘Principal Stress’
and ‘Principal Plane’?

[3 marks]
b)
At a given section a shaft is subjected to a bending stress of 20MPa and a shear stress of
40MPa.

)} Draw Mohrs circle to represent the above condition. [5 marks]

Hence determine;
i) The principal stresses and the planes on which these act. [4 marks]

iii) The maximum shear stress and the plane on which this acts [2 marks]

iv) Determine the tensile stress, which acting alone would produce the same
maximum shear stress. [3 marks]

V) Determine the shear stress, which acting alone would produce the same
maximum tensile principal stress. [3 marks]



Question 2

a.

i.

Consider point P rotating about point O at a constant angular velocity, o, as
shown in the below figure. When viewed from position C point P appears to
move with simple harmonic motion. Prove that the velocity, v, of P, when

viewed from C, is given by v = a)w/ix Z_x? ) When would P appear to have

its greatest velocity when viewed from position C.
[5 Marks]

sX J

ii.

If the frequency of a body oscillating with simple harmonic motion is 3Hz and
the amplitude of the motion is 60mm, determine the velocity and acceleration
of the body when it is at a point midway between the maximum displacement

and the mean position
[5 Marks]



i.
Consider a mass on a spring as shown below, show that the natural frequency

IS given by f= Zi % [5 Marks]
T
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ii.

A structure when loaded statically with a weight of 100g deflects 5mm.

Determine the periodic time of this structure if this oscillates with simple

harmonic motion due to a mass of 250g being hung from the structure.
[5 Marks]



Question 3
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a) Given the above diagram, and using the relationship, M = El d Z , show that the
X
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deflection, y, at any point on the beam is given by;
_ L fowxt wx o w
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[10 marks]
b)
i)
A 5m long cantilever beam carries a uniformly distributed load of 0.2 kN/m. What is the
minimum flexural stiffness required to limit the central deflection to 2mm neglecting the
weight of the beam?

i)
If the beam were to be made out of Aluminium (E=69GPa) what would the minimum
second moment of area be?

iii)
Hence choose the lightest suitable beam from the below table assuming the beam is
loaded about the x axis. What would the weight of this beam be over the length required?

[5 marks]

[1 mark]

[4 marks]
Size Mass per Thickness | . Iy
DxB metre Web, t |Flange, T (cm™) (cm™)
(mm) (kg) (mm) (mm) B A
910.3 x 304.1 222 154 230 375824 11223 i IT
840.7 x 292.4 184 14.7 217 278450 063
762 x 266.7 173 14.3 218 200177 5345
677.9 x 253.0 125 11.7 16.2] 118003 4379
617.5 x 307.0 113 141 236 151631 11412 D
533.1 x 209.3 az 102 156 55353 2392 1
467.4 x 192.8 a5 114 198 45717 2343
457.2 x 151.9 &7 9.1 15 28577 878
402.3 x 142.4 46 6.9 11.2 15647 538 | i i ]
364 x 173.2 57 9.1 157 19522 1362 — —
352.8 x 126.0 39 5.5 10.7 10087 357 t
310.9 x 166.8 54 i 137 1710 1061 p—F —
312.7 x 102.4 33 6.6 10.8 G487 193
254 x 101.6 22 5.8 6.8 2867 120
203.2 x 133.4 25 5.8 78 2356 210




Question 4

a. Attached to this exam paper is a ‘line diagram’ of a mechanism, which has

been drawn to scale. The crank OA rotates in a clockwise direction at 102
rev/min, the block B moves along the axis XX which is 30° to the vertical.
The block D moves along the horizontal axis YY. AB and CD are connected
by a pin-joint at C. AB =210mm, AC =80mm and CD = 240mm.

In the space on the right side of the worksheet, construct the velocity
diagram for the mechanism at the instant shown, and hence determine the
magnitude and sense of the instantaneous velocity of the sliders B and D.
A scale of 1cm = 0.1m/s should be used, and point O has been located,
from where your construction should begin. Make sure any lengths or

angles measured during construction are clearly marked.
[10 Marks]

b. Arroller coaster, shown below, consists of a sloping section AB, a circular

loop-the-loop section BC of radius r, and a straight horizontal section BD;
A

B D
By considering the transfer of energy, determine the least height, in terms of r,

of A above B, from which the car can start from rest without falling off of the

track at C.

[5 marks]
Discuss the assumptions that you have made in your answer to part (i)

[5 marks]



FORMULA SHEET

Dynamics

Assume g = 9.81ms™ in all calculations
2

Centripetal Force =

Momentum = Mass x Velocity
Force = Mass x Acceleration
T=la

| = mk?

Kinetic Energy = ¥» mv?

Linear acceleration
V=u-+at
s =ut+ % at®
V2 = U? + 2as
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