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Solution to Part (a): 

The moment of inertia of the flywheel is 2

1 / 2J MR= .  

The equation of motion of the disc-shaft system is essentially of a simple harmonic motion 

(SHM): 

                                                                      1 0J k + =                                                                  (1) 

The angular natural frequency n is therefore 

                                                                         n

1

k

J
 =                                                                    (2)  

Substituting the expressions for 
1J  into (2) gives 

                                                                      n 2

2k

MR
 =                                                                  (3) 

(3) is the expression for the angular natural frequency of the system for torsional oscillations. 

Substituting M = 40 kg, R = 0.3 m, and k = 1200000 Nm/rad into (3) gives n 816.50 rad/s = . 

 

Solution to Part (b): 

The general solution to the SHM described by (1) can be expressed as 

                                                                 ( )ncosA t  = +                                                             (4) 

Differentiating (4) with respect to time gives 

                                                              ( )n nsinA t   = − +                                                          (5) 

Substituting initial conditions 0 at 0t = =  and 200 at 0t = =  into (4) and (5) respectively gives 

                                                                    

n

3
 or 

2 2

200
A

 





=


 = −


                                                                (6) 

Substituting n 816.50 rad/s =  into the expression for A in (6) gives - 0.245A=  rad. Consequently, 

the amplitude of the motion is 0.245 rad. Note that an absolute value for A is used to describe the 

amplitude. 

 

Solution to Part (c): 

Note that the equation provided in the Data Sheet for estimating damping ratio   is  

                                                                  1

2
2

2
ln

1

y

y





 
= 

− 
                                                            (7) 

This equation relates the magnitudes of two successive peaks 1y  and 2y  to damping ratio  . 

Students are expected to be able to work out the equation involving two magnitudes 1y  and 1 Ny + , 

where N is the number of oscillation cycles between the two magnitudes based on (7). The resultant 

equation can be expressed as 

                                                              
1

2
1

2
ln

1N

y
N

y



+

 
= 

− 
                                                          (8) 



Substituting 
1 1/ 1 95% 5%Ny y+ = − =  and N = 3 into (8), gives  

                                                             
2

100 2
ln 3

5 1





 
=  

  −
                                                        (9) 

Solving (9) for   gives 0.1568 = .  

By definition, the damped nature frequency can be expressed as 

                                                                    2

d n 1  = −                                                             (10) 

Substituting 0.1568 =  into (10) gives 

d

n

98.76%



= . 
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