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INSTRUCTIONS TO CANDIDATES

1. Please CAREFULLY read the instructions given in the question paper.
2. This question paper has information printed on both sides of the paper.
3. This question paper consists of ONE (1) section ONLY; Section A.

4. Answer FOUR (4) questions ONLY in Section A.
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6. Answer should be written in blue or black ink except for sketching, graphics and
illustration.

7. Answer all questions in English language ONLY.

8. Appendixes have been appended for your references.

THERE ARE 6 PAGES OF QUESTIONS, INCLUDING THIS PAGE.
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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 an.acrylic rod 200 mm long and 15 mm in diameter. An axial load of 300 N

is applied to | and E; is given by 2.70 GPA and vp = 0.4. By referring to Appendix B,
determine the change in its length and diameter.

Figure1
(10 marks)

(b) An aluminum block as shown in Figure 2, has a rectangular cross-section and is subjected
to an axial compressive force of 36 kN. If the 37-mm side changed its length to 37.5033 mm
and Ea = 70 GPa, determine;

i. the Poisson’s ratio
ii. the new length of the 50-mm.

Figure 2
(15 marks)
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Question 2
With reference to the mechanical properties of materials;

(a) Atension test was performed on a steel specimen having an original diameter of 12.5mm and
a gauge length of 50mm. The data is listed in Table 1.
i. Plot the stress-strain diagram with a scale of 25 mm = 0.05 mm/mm.
ii. Determine the ultimate stress and stress rupture
i. Redraw the elastic region using the same stress scale but a strain scale of 25mm =
0.001 mm/mm.
iv.  Determine approximately the yield stress and the modulus elasticity.
V. Determine the modulus of resilience
vi.  Determine the modulus of toughness

Table 1 .
c(MPa) £ (mm/mm)
0 0

57.07 0.00025
171.21 0.00075
293.51 - 0.00125
407.66 0.00175
432.12 0.0025
432.12 0.0040
440.27 0.010

- 611.49 0.020

733.79 0.050
790.86 0.140
715.85 0.200
679.16 0.230

(25 marks)
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Question 3

With reference to the concept oF axial load;

(@)

CONFIDENTIAL

Figure 3 shows a bar with dimensions in'mm subjected to a tension force of P = 8 kN.

Calculate the maximum normal stress developed in the bar. (Refer to Appendix A).

r =10 mm
200 mm

Figure 3

(b)

(10 marks)

A composite shaft, consisting of aluminum, copper and steel sections is subjected to the

loadings, with the cross-sectional area and modulus of elasticity for each section shown in
Figure 4. Neglect the size of the collars at B and C. Determine,
i. the displacement of end A with respect to end D

ii. the normal stress in each section.

"16 kN

Y

_

Alominum Copper Steel
E,=70GPa E. = 126 GPa E, = 200 GPa
A, p =58 mm® Ag =77 mm® App =39 mm?
16 kN 8kN |
OkN . | 7kN
4 B C D

B kN
450 300 mm«'—m mm

Figure 4
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Question 4
With reference to the concept of stress, strain, axial load, bending and torsion;

(a) Figure 5 shows an A-36 hollow steel shaft that is 2 m long and has an outer diameter of 40
mr as shown in Figure 7. The shaft rotates at 80 rad/s and transmits 32 kW of power from
engine E to the generator G. If the allowable shear stress is Taiow = 140 MPa and the shaft
is restricted not to twist more than 0.05 rad, determine the smallest thickness of the shaft.

Figure 5
(10 marks)

(a) Figure 6 shows a shaft supported by a smooth thrust bearing at A and a smooth journal
bearing at B.
i. Sketch free body diagram and shear diagram for the shaft
ii. Draw the moment diagrams for the shaft

600 N-m

Figure 6 .
(15 marks)
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Question 5

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

(@)

(a)

Figure 7 shows 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

ii. angle of twist.

Figure 7

(10 marks)

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 £ (160 N). Sketch.

i. the shear diagrams of the shaft.

ii. the moment diagrams of the shaft.

560N

Figure 8
(15 marks)

END OF EXAMINATION PAPER
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