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SECTION A (Total: 100 marks)

INSTRUCTION: Answer FOUR (4) questions only.
Please use the answer booklet provided.

Question 1

(@)

With reference to the mechanical properties of materials;

Figure 1 shows part of a control linkage of an airplane having a rigid member CBD and a
flexible cable AB. Originally the cable was unstretched. A force is applied to the end D of
the member and causes a normal strain in the cable of 0.0035 mm/mm. Calculate the

displacement of point D.
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Figure 1 _
(10 marks)

(@) The lap joint is connected using a 30 mm diameter bolt. The bolt is made from materials

having a shear stress-strain diagram as shown in Figure 2. Determines the shear strain

developed in the shear plane of the bolt when P= 340 kN.
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(15 marks)
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Question 2

With reference to the mechanical properties of materials;

(a)

(b)

A specimen is originally 300 mm long, has a diameter of 12 mm and is subjected to a force
of 2.5 kN. The force increased from 2.5 kN to 9 kN, resulting in the specimen elongating to
0.225 mm. Evaluate,

i. the stress and strain of the specimen. (4 marks)
ii.  the modulus of elasticity for the material if it remains linear elastic. (6 marks)

A diagram of an elastic composite fiberglass boat that is made of polyester and fiberglass
is shown in Figure 3.
i. Define the modulus of elasticity, modulus of toughness and modulus of resilience.

(6 marks)
ii. Calculate the modulus of elasticity of the composite fibers. (3 marks)
iii. Calculate the modulus of toughness of the composite fibers. (3 marks)
iv.  Calculate the modulus of resilience of the composite fibers. (3 marks)

o (MPa)
0.385
0.077} e
S ! € (mm/mm)
1 2 225

Figure 3
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Question 3

With reference to the concept of axial load,;

(a) Figure 4 shows a bar with dimensions in mm subjected to a tension force of P=8 KkN.
Calculate the maximum normal stress developed in the bar. (Refer to Appendix A).

I r=10mm
— = 20mm

Figure 4
(10 marks)

(b) The 12 m long A-36 steel rails on a train track are laid with a small gap between them to
allow for thermal expansion as shown in Figure 5. The cross-sectional area of each rail is
3200 mm2. Temperature is increased from T4 = -30 °C to Tz = 30 °C, calculate;

i. the required gap, 0 so that the rails just touch one another. (6 marks)
ii. the axial force in the rails if the temperature were to rise to Ta = 40 °C. (use gap in
(a)). (9 marks)
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Figure 5
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Question 4

With reference to the concept of stress, strain, axial load, bending and torsion;

(a)

(b)

The propeller of a ship is connected to an A-36 steel shaft that is 60 m long and has an
outer diameter of 340 mm and an inner diameter of 260 mm. If the power output is 4.5 MW
when the shaft rotates at 20 rad/s, determine

i the maximum torsional stress in the shaft (6 marks)
ii. angle of twist. (4 marks)

Figure 6 shows the journal bearing at A and B only support vertical forces that are subjected

to the concentrated forces with allowable bending stress is Galow = 150MPa.

i. Calculate and sketch shear and moment diagrams. (10 marks)
i. Determine the smallest allowable diameter of the shaft. (5 marks)
5 kN

TT8 mm

Figure 6
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Question 5

With reference to the concept of stress, strain, axial load, bending and torsion.

(a)

(a

Figure 7 showé the propeller of a ship connected to an A-36 steel shaft that is 60 m long
and has an outer diameter of 340 mm and an inner diameter of 260 mm. If the power output
is 4.5 MW when the shaft rotates at 20 rad/s, determine

i the maximum torsional stress in the shaft. (6 marks)

ii. angle of twist. (4 marks)

Figure 7

Figure 8 shows bearings at A and D exert only vertical reaction on the shaft. Loading is
applied to the pulleys at B (360 N) and C (500 N) and E (160 N).

i. determine the shear force and bending moment. (5 marks)
ii. sketch the moment diagrams of the shaft. ' (10 marks)
1 350mm | S500mm | 375 mm 360 mm|

|

2

Figure 8

END OF EXAMINATION PAPER
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