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Question 1 (25 Marks)

The motor shown in Fig. 1 supplies power P (= 700S kW) at 120 rpm through solid steel motor shaft
GF (having a diameter of 200S mm) to the gear F. Gears A, C, D and E supply powers to four
machines. The torques delivered by gear A, gear C and gear E to the machines are 7.18%, 3.59% and
3.59%, respectively of the torque delivered to gear B from gear F. Shaft ABCDE is also made of steel
(having modulus of rigidity G = 75 GPa). The shaft part AB is solid having a diameter of 200S mm
while shaft part BCDE is hollow (with an outside diameter of 200S mm and a thickness of 30S mm).
The diameters of gears F and B are 300S mm and 1500S mm, respectively.
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¢ Determine the friction force between gear F and gear B. Draw the torque diagram of the whole
shaft system. Determine the maximum torsional shearing stresses in shaft GF and ABCDE. Also
determine the rotation of gear E relative to G and the rotation of gear E relative to A. What would
be the length of the shaft AB if the rotation of gear A relative to gear E is limited to 0.015 radian?
If the gear F is jammed, what will be stress in shaft AB? (0.5+1.5+4.5 + 2.5 + 2 +1.0 = 12 Marks)

e If a semi-circular groove of radius (= 10% of the shaft diameter) is introduced in the shaft FG
after removing a thickness (= 10% of the shaft diameter) from the surface. Find the % torsional
stress increase due to introduction of groove in the shaft. (3 Marks)

¢ If the circular shaft ABCDE is transformed into solid rectangular shaft (Depth = 2.0 times of width)
having the same cross-sectional area, calculate the rotation of gear A relative to gear E and also
the maximum shear stress in the shaft. If the shear strength of steel is 200 MPa, find the factor of
safety. (4 +1 = 5 Marks)

e Determine the torsional stress in shaft DE, if it is transformed into thin walled hollow circular
section with 2S mm thick wall (having the same outer diameter of 200S mm). If the shear
strength of steel is 200 MPa, will it be safe? Find the rotation of Gear D with respect to E.
Calculate also the shear flow in the thin-walled shaft DE. (3 +1 +1 =5 Marks)



Question 2 (25 Marks)

A beam made of four pieces of timber is loaded and supported as shown in Fig. 2. The support B is a
pin and E is a roller.
e Write an equation for determining the moment in the part BC of the beam using point B as origin.
Draw the shear force and the bending moment diagrams for the beam. (4 Marks)
¢ Find location of neutral axis (NA) of beam cross-section & moment of area about NA. (4 Marks)
¢ Find the maximum flexural stresses and draw the variation of flexural stress across the cross-
section at the point of maximum moment in the beam. Determine the tension and compression
forces derived from flexural stresses and also the corresponding resisting moment. Comment on
the relationship between tension and compression forces as well as applied maximum moment
and resisting moment stating the accuracy, assumptions and limitations of the flexural stress
formula. (5+ 4.5+ 2.5 =12) Marks)
e Determine the dimensions of a rectangular beam (use depth = 3 times the width) for part AB, if the
maximum bending stress capacity of the beam material is 12 MPa using a factor of safety of 2.0.

(3 Marks)
e Show the tension-compression state of stress along the length of the beam and explain how we
this information is used in reinforced concrete beam design. (2 Marks)
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