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INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2. Read ALL the information carefully.

3. Questions may be answered in any order, but subsections of questions must
be kept together.

4. Number the answers according to the numbering system used in this question
paper.

5. Show ALL the intermediate steps:

6. Sketches must be made FREEHAND and in good proportion in the ANSWER
BOOK.

7. Where possible standard size items must be used.

8. All the answers must be approximated accurately to THREE decimal places.

9. Writerneatly and legibly.
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QUESTION 1

DATA:

A lathe requires 30kW to operate at full capacity when the rotational frequency of the
80 mm diameter shaft is 200 revolutions per minute. One end of the shaft is reduced to
70 mm to provide for a spline connection with 8 splines each 6mm in depth.

The ultimate shear and crushing stress in the shaft material is 640 MPa and 38 MPa
respectively. A safety factor of 4 is used. The shear area of the splines is 45/per eent
greater than the crushing area of the splines.

The 80mm diameter shaft driving the lathe is driven by an openfiat.belt'drive. Assume
that no losses occur between the belt drive and the lathé:, The 8 mm thick flat belt is
145 mm wide and has a maximum allowable safe stress of, 160 N/cm of belt width.
The tension ratio between the belts is 2,56 :1. Theqpower, loss due to.friction between
the driving pulley and the driven pulley is 25W and the centre distance between the
two pulleys is 1,2 m. The driven pulley diameter is 230 mm.

The 520 mm driving pulley is supported midway between,two journal bearings on the
solid shaft. The compressive stress between.the shaft and the bearings is 806kPa.
The 600mm long shaft is driven by a flange coupling keyed to the shaft. There are no
losses due to friction between the driving pulley and the flange coupling. The
maximum torque on the shaft exceeds the mean_ 16,5 per cent. The shear stress in the
shaft may not exceed 127 MPa and,the maximum modulus of rigidity is 82 GPa.

The flange coupling uses three M10ybolts. The maximum allowable shear stress for
the bolts is 47,5 MPa. The shear stress and the compressive stress in the key is
76MPa and 192 MPa respectively.

The flange coupling is driven\by a crank arm mounted on the same shaft. The crank is
rotated by the connecting rod of a single cylinder steam engine which produces a
constant steam pressure.of 1 425kPa. The cylinder with a diameter of 320 mm and a
wall thickness of 20mm requiresl5 studs to seal the cylinder. The safe allowable
tensile stress for the studs is 25 MPa. Assume the core area equates to 70 per cent of
the nominal‘area. The connecting rod is 2,37 m long and the stroke length of the crank
1S.1,27 m.

The 18 mm valve mechanism rods are connected by means of a knuckle joint. All the
parts are made of the same material. The allowable tensile stress in the joint is
104,5 MPa.
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QUESTION 1

Calculate the following on the spline shaft:

1.1 The torque transmitted by the spline connection 3)
1.2 The total compressive area 4)
1.3 The total shear area (2)
1.4 The length of the splines (2)
15 The width of the splines 3)

[14]
QUESTION 2

Calculate the following on the belt drive:

2.1 The tension in the tight side©f the belt (2)
2.2 The tension in the slack side efithe belt (2)
2.3 The power transmitted by the driving pulley (3)
2.4 The velocity of the beltdrive 4)
2.5 The rotational frequeney of the driven pulley 3)
2.6 Thelength of the belt 3)
2.7 The rotational frequency of the driving pulley 3)

[20]
QUESTION 3

Calculate the following on the shaft and the coupling:

3.1 The maximum torque in the shaft. (5)
3.2 The diameter of the shaft. (2)
3.3 The maximum angle of twist in radians 3)

[10]
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QUESTION 4
Calculate the following on the bearing:
4.1 The forces acting on each bearing

4.2 The required width of the bearings

QUESTION 5

Calculate the following on the flange coupling:

51 The pitch circle diameter of the flange coupling
5.2 The outside diameter of the boss

5.3 The length of the boss

5.4 The outside diameter of the flange

5.5 The flange thickness

5.6 The length of the key required to.join the flange to the shaft

QUESTION 6

Calculate the following @n the steam cover:

6.1 The force acting on the cover
6.2 The diameter of each stud
6.3 The pitch circle diameter

6.4 The circular pitch of the stud Check for steam tightness.
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3)

(3)
[6]

3)
(1)
(1)
(1)
(1)
(7)

[14]

3)
3)
3)
(5)

[14]

Please turn over



(8090075) -6- T1000(E)(A4)T

QUESTION 7

Calculate when the crank arm is at right angles to the connecting rod centre line:

7.1 The magnitude of the angle the crank arm makes with the piston rod centre

line 3)
7.2 The magnitude of the angle between the connecting rod and_theypiston rod

centre line (1)
7.3 The magnitude of the force on the crank arm (3)
7.4 The magnitude of the force on the cross head guides 3
7.5 The diameter of the piston rod if the safe compressive stress for the piston

rod steel is 95 MPa 3)

[13]

QUESTION 8
Calculate the following on the knuckle joint:
8.1 The tensile load on thetknucklejoint (3)
8.2 The thickness of the.eye required for tension (3)
8.3 The thickness of the fork ends (3)

[9]

TOTAL: 100
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