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INSTRUCTIONS TO CANDIDATES:

PLEASE ANSWER ALL THE QUESTIONS.

QUESTION 1
25 Marks

A truck with dimensions and loading similar to that in the figure has to pass over a lightweight
bridge with a span of 256m between supports. The bridge itself has a weight of 4500 N/m.
Determine the shear force and bending moment diagrams for the loading of the bridge when
the middle wheel is in the centre of the bridge. Determine the maximum bending moment that
the bridge structure has to withstand.

45 DOO N 145000 N 145000 N
430G mm 7000 mm
- i

QUESTION 2

15 Marks
A bar is machined from an ASTM No. 20 cast iron and subjected to a static load. Assume the
stress concentrations do not interact and determine:
a) The localized effect of each stress concentration separately
b) The actual stress in the shoulder resulting from the fillet radius
c) The actual stress resulting from inserting the transverse hole
d) Determine the critical section in the bar

? W 5mmR P ® 20 mm
500 kg 7y 7 500 kg
<— 58mm 38mm ‘{4:;» TR
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QUESTION 3

20 Marks

The angle between the X and x axes of the
mechanism in the figure is 25° Using the
graphical method indicate

(a) the possible positions

(b) if there are any infliction point(s)

(c) realistic limits of movement to ensure

predictable movement
(d) the type of mechanism

QUESTION 4
25 Marks

The layout of a single degree-of-freedom planar link supported in single shear at a hinge
point is shown in Fig. 1. The link, a solid bar of 40 mm wide and 20 mm thick, is driven in
a clockwise direction with an angular speed of +20 rad/s and an angular acceleration of -5
rad/s?. It can be assumed that the centre of mass of the link is at the geometrical centre
(i.e. mid-point of length AB) with the mass and inertia (about the centre of mass) of the
link being 1.7 kg and 11000 kg-mm? respectively. An external force of 7500 N oriented at
20 degrees (relative to the X-axis) is acting on the link at Point B. Note that the link is
pivoted at Point A and had a length of AB = 250 mm. The bar and pin is made of:

Bar : Mild steel, density: 7860 kg/m?® Yield Strength: 220 MPa, Ultimate Tensile
Strength: 400 MPa.

Pin: High Tensile Steel, density: 7860 kg/m?®, Yield Strength: 400 MPa, Ultimate
Tensile Strength: 630 MPa,

Calculate:

a. the torque required in order to drive the link when the link is oriented at 40 degrees
(from X-axis). Show all the steps in your calculations and draw the free body diagrams,
wherever necessary.

b. The pin diameter needed to support the beam at Point A using a factor of safety of 1.5
on the yield stress.
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QUESTION 5

15 Marks
a) Explain the difference between hole based and shaft based dimensioning system (4)

b) Explain the difference between geometric and dimensional tolerance and why they are
important. (4)

c) Comment on the tolerancing given to a component as shown below and indicate
alternatives if necessary. (4)

d) Define the following: (3)
i. Nominal Dimension
ii. Basic size
iii. Actual size
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PLEASE ANSWER ALL THE QUESTIONS.

QUESTION 1

25 Marks

A four bar linkage has the data and layout as given in the table and figure below. Perform a
dynamic analysis. Draw the free body diagrams, write the equations of motion and compile
the equations of motion in a matrix form. Fill the matrices with all the known variables and

clearly identify the unknown variables.

S | Langts i mim mﬁ;;--: n '31'?13'- 53.+9 r:.‘u‘r‘:.;'._l‘ occelenhon n l'i.l(h%@";?
_Row  nk2 Wnk3 Nnkd ekl Y % M vy 4y 4y
a 101 & K% x03.2 4814 45 267 G A0 20 e 29 244 43
Yort 2 Ardgular welochy In 1a0/Ses, Moss N kg, mass Aomant of Inermia in kg m torgue i S
Row (GPY W, W, m, my m, ’z J;._ fa Ty T4
a 20 562 356 135 380 1761 Q011 Q023 0064 -1690 282
Part 3 Lengtns in mm ongles w1 degreeas, Insc ocoisrahors i mi/sec”
Bow Rg Rg, Roy Ros Ros Roy g, 99, gy %3
mog ong roag ang mag ang mag ang mog angt
a. 508 0 127.0 G it a 30 20.35 22214 A2 9 208.24
Part 4 Lirgar aocearalions in m/sect forces in M, gt n mm anghes in cagrans
Bow Y, D, fps & FPg &'153 oR Py £ Pa BF By ”m R Py
a 2487 22227 000 0 .00 0 17793 30 K032 I

(a)
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QUESTION 2
15 Marks
In order to calibrate the digital readout of a
hydraulic cylinder a cantilever beam with a
P=50000N

width of 756mm, a height of 150mm and a
weight of 850 N/m is fitted with strain gauges
to determine the actual force exerted. The
cylinder is placed at a distance of 5 m from
the supporting structure. The steel used has
a yield strength of 350 MPa and a modulus
of elasticity of 200 GPa. Using the principle
of super positioning calculate the deflection
and end slope that can be expected if the
cylinder exerts a maximum force of 10 000 N
at the end of the beam.

I

QUESTION 3

25 Marks

A beam is loaded and supported as shown in the figure. For this beam
(a) Calculate the reaction forces
(b) Determine the equations for the shear force and the bending moment as functions of x.
(c) Draw complete shear force and bending moment diagrams.

g =100 N/m
} | 1 . ] M = 1200 N/m
AYY YV Y Y VY YVYVYVYYYY 7™ E
| I | i
B Cy Dw’
li : > )}(
2m 4m im
Re 1M Re
QUESTION 4
15 Marks
Find the maximum clamping force
that may be exerted by the cast- - / Contromdal aus
iron C-clamp if the allowable
normal stresses on Section m-n ._L s F’"‘ "\'\ ‘Hm
are 30 MPa in compression and f ‘.‘f
15 MPa in tension and a factor of k " &) mm ll mm
safety of 1.2 is required. ¢ m— ! ’
\ mﬂm
& A = | 30 mum?
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