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INSTRUCTIONS AND INFORMATION 
 
1. 
 
2. 
 
3. 
 
 
4. 

Answer ALL the questions. 
 
Read ALL the questions carefully. 
 
Number the answers according to the numbering system used in this question 
paper. 
 
Write neatly and legibly. 
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QUESTION 1 
 
1.1 A cone clutch used on a farming implement has an included angle of 30° and 

transmits 25 kW at 1 200 r/min. The outer diameter of the cone is 200 mm 
and the inner diameter is 150 mm. The coefficient of friction is 0,28.  
 
Calculate the following, assuming uniform wear: 

  

 
 1.1.1 Torque transmitted by the clutch    (2) 
 
 1.1.2 Axial force applied to the clutch surface    (3) 
 
 1.1.3 Force required to engage the clutch    (2) 
 
1.2 FIGURE 1 shows the layout of a band-and-block brake. There are 15 evenly 

spaced brake blocks, each subtending an angle of 10° at the centre of the 
brake drum. The brake drum has a diameter of 600 mm. The coefficient of 
friction between the band and the brake drum is 0,35.  
 
Calculate the force required at the end of the lever to absorb 200 kW at       
650 r/min 
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FIGURE 1 

  

(10) 
[17] 

 
 



(8190236) -4- T1120(E)(A4)T 

Copyright reserved  Please turn over 

 
 
QUESTION 2 
 
2.1 A rotating shaft has four masses, A, B, C and D in that order, rigidly attached 

to it. 
 
The mass of A is 6 kg at a 30 mm radius 
The mass of C is 4 kg at a 40 mm radius 
The mass of D is 3 kg at a 35 mm radius 
The mass of B is to be placed at a 42 mm radius and is the reference plane. 
 
The angle between A and C is 90° and the planes of revolution of A and B are 
400 mm apart and those of B and C are 450 mm apart. 
 
Draw the couple diagram to scale 1 mm = 1 kg.m2 and determine the axial 
distance between planes C and D. 

 

  (9) 
 
2.2 A solid shaft is supported by two bearings, one at each end of the shaft. The 

shaft transmits 35 kW at 600 r/min. A pinion with a pitch-circle diameter of  
120 mm rotates clockwise at 1 500 r/min and drives the shaft be means of a 
gear wheel having a pressure angle of 20°. 
 
A pulley with a diameter of 900 mm drives a machine by means of a vertical 
flat-belt drive with a contact angle of 180° and a coefficient of friction of 0,25. 
 
Calculate the following: 

  

 
 2.2.1 Belt tensions    (4) 
 
 2.2.2 Torque transmitted by the shaft    (2) 
 
 2.2.3 Torque transmitted by the pinion    (1) 
 
 2.2.4 Normal force between the gears    (3) 
    [19] 
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QUESTION 3 
 
A punching machine is equipped with a cast-iron flywheel. The flywheel has an outer 
diameter of 900 mm, an inner diameter of 600 mm, a width of 200 mm and a density of 
7 300 kg/m3. 
 
The machine performs 12 punching operations per minute. During each punching 
operation the speed of the flywheel drops from 210 r/min to 132 r/min. 
 

Neglect the moment of inertia of the spokes and the hub and calculate the following: 

  

 
3.1 Mass of the flywheel    (3) 
 

3.2 Moment of inertia of the flywheel    (3) 
 

3.3 Kinetic energy absorbed during the acceleration period of the flywheel    (4) 
 

3.4 Torque required to accelerate the flywheel between punching operations if the 
duration of each operation is 1,2 seconds 

 
  (5) 

 

3.5 Motor power required for 12 punching operations per minute    (2) 
   [17] 
 
 
QUESTION 4 
 
An electric motor drives a hoist through a worm reduction gearbox. The worm has a 
double start thread with a pitch of 15 mm and a mean diameter of 75 mm. The worm 
wheel has 40 teeth and a module of 5. The power output on the wheel is 20 kW at       
1 200 r/min. 
 
Use a coefficient of friction of 0,03 between the worm and the wheel and calculate the 
following: 

  

 
4.1 Efficiency of the worm drive    (7) 
 
4.2 Power output of the motor    (2) 
 
4.3 End thrust on the worm shaft    (6) 
   [15] 
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QUESTION 5 
 
A vehicle has a mass of 1,5 tons and a wheel base of 2,8 m with the centre of gravity    
800 mm above road level. The centre of gravity is 1,2 m behind the front axle. The 
vehicle ascends an incline of 20° at uniform speed. 
 
Calculate the following: 

  

 
5.1 Minimum coefficient of friction between the rear wheels and the road  (12) 
 
5.2 Power required by the vehicle to ascend the incline at a speed of 25 km/h and 

a transmission efficiency of 52% 
 

  (3) 
   [15] 
 
 
QUESTION 6 
 
 

A45°

B

C

DE

 
 

  

FIGURE 2   
 
A and D are fixed points in the mechanism shown in FIGURE 2. When crank AB is at 
45° the horizontal point C is on the same horizontal line. Crank AB rotates at 240 r/min 
in a clockwise direction. 
 
The lengths of the links are as follows: 
 
AB = 100 mm;  BC = 300 mm;  CD = 100 mm;  DE = 50 mm 

  

 
6.1 Draw the space diagram to scale 4 mm = 1 mm.    (3) 
 
6.2 Calculate the velocity of B.    (1) 
 
6.3 Draw the velocity diagram to scale 1 mm = 0,04 m/s.    (3) 
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6.4 Calculate the following:    
 
 6.4.1 Angular velocity of link BC in magnitude and direction    (3) 
 
 6.4.2 Angular velocity of link CD in magnitude and direction    (3) 
 
 6.4.3 Centripetal acceleration of B relative to C    (2) 
 
 6.4.4 Centripetal acceleration of C relative to D    (2) 

[17] 
 
  TOTAL:   100 
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28.  Tg = m × g × sin  29.  v =  × r 
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74.  Tractive effort = mass on driving wheels × µ × g 
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