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Energy Considerations  
When rotating members are caused to stop (in the case of brake) or when members 
initially at rest are brought up to speed (in the case of clutch), slipping must occur 
between the mating surfaces causing some of the kinetic energy to transform into 
thermal energy (heat).  
The capacity of a clutch/brake is limited by two factors, the characteristics of the 
material (coefficient of friction and the max allowable pressure) and the ability of the 
clutch to dissipate heat.  
Friction materials  
The most important characteristic of friction materials used in brakes/clutches 
includes:  

 High and reproducible coefficient of friction.  

 Resistance to environmental conditions, such as moisture.  

 The ability to withstand high temperatures and pressure.  

 High resistance to wear.  

Table 16-3 gives the important characteristics of some friction materials used in 
clutches/brakes.  
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Flywheels  
A flywheel is a mechanical energy storage/delivery device that stores energy in the 
Flywheels are used to regulate rotational speed/torque for systems having non-
uniform torque supply/demand. This happens because a flywheel resists changes in its 
rotational speed.  

 The equation of motion for a flywheel is:  

 
 

  



 In many cases, the torque depends on θ or ω or on both, for example electric motors 
torque depends on (ω) only.  

Assuming a rigid shaft                                                                   and , the equation of 
motion of the flywheel becomes:  

 



This equation can be solved for the instantaneous values of               .  

However, those values are not of interest to us when designing a flywheel. We are 
interested in the overall performance of the flywheel:  

What should the moment of inertia be?  

How to match the power source to the load?  

What are the resulting performance characteristics of the system?  
 

The figure shows the performance of a  

    flywheel under a hypothetical situation  

   (friction is neglected).  
The flywheel starts at angular velocity  

       ω1.  

Between                     the power source 

       supplies  a constant torque causing the  

       flywheel to accelerate from ω1 to ω2.  
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Between                       the shaft rotates with zero torque, thus there will be no 
acceleration ω2 =    ω3.  

Between                  , a constant output torque is applied causing the flywheel to 
slow down    from ω3 to ω4.  



The work input to the flywheel is:  

And the work output is:  

 
 The work done on the flywheel between  can also be found as the difference in 

kinetic energy.  

 
 
Most of the torque-angular position functions encountered in engineering 

application are so complicated and they require using numerical integration to find 
the total work (area under the curve).  

Fig 18-28 shows the torque of a one 

      cylinder engine for one cycle.  

 

Integrating the curve gives the total 
energy supplied by the engine. Then  
dividing the result by the length of  
one-cycle (4π) gives the mean torque  
value of the engine.  
 

 The allowable range of speed 
 fluctuation is usually defined using  
the “Coefficient of speed fluctuation”:  
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where ω is the nominal angular velocity: 

 Substitute in the energy difference equation we get: 

  
 
where                         is the area under the torque curve  

 This equation can be used to obtain the flywheel inertia “ I  ” needed to satisfy the 
required CS value.  
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