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QUESTION 1 
                                                                                                                               40 Marks 

A mechanism system consists of four links as indicated in the figure. The parameters for the relevant 

parts are given in the table. Calculate the relevant information required and complete the relevant 

matrices with all information required in order to calculate the forces acting on the links given in the 

simplest form in. 

 

 

 

 
 

_____________________________________ 

 

QUESTION 2 
                                                                                                                               20 Marks 

A bearing set is to be used in a mining application where it will be exposed to primarily radial loads. 

Failure of previous designs indicated a limited axial load to be generated under certain conditions. In 

order to accommodate the axial load the original bearing is to be replaced by an angular contact bearing. 

The application requires a design life of 40 000 hours at a speed of 450 rpm. The load to be carried by the 

bearing set is 6750N and is equally distributed between the bearings. The application is exposed to a light 

shock represented by an application factor of 1.2. The reliability goal for the bearing set is given to be 

96%. Determine the following: 

a. Multiple of rating life required (xD)  

b. Catalogue rating (C10)  

c. Specify a suitable bearing 

d. The overall reliability expected of the final design configuration. 

_____________________________________ 
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QUESTION 3 
                                                                                                                               20 Marks 

A manufacturing process has a base torque load requirement 

of 60 Nm. When in operation the process requires 250 Nm 

from zero to 3π/4, 120 Nm from 3π/4 to 5π/4 and 400 Nm 

from 5π/4 to 7π/4 before dropping to base torque during 

each revolution of the shaft. The process requires that the 

shaft speed does not vary by more than 3% from the average 

speed of 980 rpm. The flywheel and the shaft are both made 

of RQC-100 Steel. In order to limit weight it is decided to 

follow a rim design with limitation on OD of 280 mm and 

ID of 200 mm mounted on a spoke assembly.   

 

Neglecting the weight of the spokes, calculate the:  

a. Required width of the flywheel rim  

b. Minimum and maximum speed of the shaft.  

c. The circumferential hoop and radial stresses experienced by the flywheel if it is assumed that the 

flywheel is fitted to the spokes without generating an internal pressure. 

Show all the steps and the energy balance in your calculations and justify your steps, wherever necessary. 

 

Assume properties of RQC-100 Steel to be as follows: Density: 7860 kg/m3, Yield Strength: 683 MPa, 

Ultimate Tensile Strength: 758 MPa, Poisson’s Ratio: 0.3, Modulus of elasticity: 207 GPa 

 
 _____________________________________ 

 
QUESTION 4 
                                                                                                                               20 Marks 

a) Indicate a suitable type of fit for the following applications where: 

i) Parts need to move freely, but with good accuracy at moderate speeds   

ii) Stationary parts need to be aligned with a snug fit, but must allow free assembly and 

disassembly  

iii) Relative movement between parts are to be prevented, but maintenance will require removal 

and replacement of the parts on a more regular basis  

iv) Parts are to be located accurately before being secured  

v) Parts are to be permanently joined without potential for relative movement or general 

maintenance  

 

b) A 30 mm diameter shaft manufactured from tool steel is supplied with an 8 mm keyway. The shaft 

needs to transmit 25 kW of power at a speed or 1750 rpm. The shaft will be exposed to a light shock 

load with an application factor of 1.2. The customer requires a minimum factor of safety of 2. As 

engineer you are tasked to determine the required length of the key using standard key stock with a 

yield strength of 450 MPa to allow the transmission of the power without the key failing. 

_____________________________________ 
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ANNEXURE 

Brakes 
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Flywheels 
 

 
 

        

 

    (Solid circular cross-section) 

 

    (Hollow circular cross-section) 

 

 
 

 
 

Circumferential strain:   Deflection:   

 

Stress due to interference:   
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MECHANISMS 

DOF 

Computing DOF - Spatial:   1 2 3 4 56 1 5 4 3 2M L J J J J J        

M – Mobility/DOF   L – No. of links 

J1 – No. of joints capturing 5DOF  J2 – No. of joints capturing 4DOF 

J3 – No. of joints capturing 3DOF J4 – No. of joints capturing 2DOF 

J5 – No. of joints capturing 1DOF 

 

Computing DOF - Planar: 

    1 23 2 3 3 1 2 3 1 2M L J G L J L J J           

M – DOF/Mobility, G –Ground link, L – No. of links,  

J1 – No. of full joints, J2 – No. of half joints 

 

Coordinate Transformation 
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Four Bar Linkage 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Position Analysis: 

 

32 4 0

2 3 4 1 0 , 0
jj j jR R R R ae be ce de
 

   

         

2 2 2 2

1 2 3, , ,
2

d d a b c d
k k k

a c ac

  
  

2 2 2 2

4 5,
2

d c d a b
k k

b ab

  
   

 

2 1 3 2 2 2 1 2 2 3 2, 2 ,A Cos k k k Cos B Sin C k k Cos k Cos             

 

2 1 5 4 2 2 1 4 2 5 2, 2 ,D Cos k k k Cos E Sin F k k Cos k Cos             

 

2 2
14

4

4 4
2

2 2 2

B B AC B B AC
Tan Tan

A A


 

      
    

  

 

2 2

13
3

4 4
2

2 2 2

E E DF E E DF
Tan Tan

D D


 

      
    

  

 

 



DESIGN OWM2A11 - 9 - 

 

 
Velocity Analysis: 
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Acceleration Analysis: 
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Four Bar Slider Crank 

 
 

 

 

 

 

 

 

 

 

 

 

Position Analysis: 
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Velocity Analysis: 
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Acceleration Analysis: 
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Mechanical Advantage & Efficiency 

 

Mechanical Advantage:   

 

For 100% efficiency:  Efficiency: 
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General Formulae 

 

Angular velocity & acceleration/velocity & acceleration at a point: 

, , , ,
d d dR dV

V A v r
dt dt dt dt

 
        

 

A is acceleration vector at a point of interest, V is velocity vector at the point of 

interest and R is the position vector of the point of interest. α is the angular 

acceleration of a link, r is the radius of the link, ω is the angular velocity of the 

rigid link and v is the magnitude of velocity. 

 

Expressions for 1-DOF link: 
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Coriolis Acceleration: 
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EOM for a Planar System: 
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Dynamic Equations for Four-bar linkage: 

 

 

 
Four Bar Slider Crank 
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