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Design of Clutches, Brakes, Couplings and Flywheels 
 These types of elements are associated with rotation and they have in common the 

function of dissipating, transferring and/or storing rotational energy.  

Clutches and Brakes perform the same function where two elements having different 

velocities are forced to have the same velocity (zero in the case of brake) by applying an 

actuating force.  

When analyzing the performance of clutches/brakes, we will look at:  

  Actuating force.  

  Transmitted torque.  

  Energy loss.  

  Temperature rise.  

  The transmitted torque is related to the actuating force, the coefficient of friction 

and geometry of the brake.  

  Temperature rise is related to energy loss and geometry of heat-dissipation surfaces.  

  

The basic types of clutches/brakes are:  

  Rim types with internal or external shoes (Fig. 16-3 & 16-10).  

  Band types (Fig. 16-13).  

  Disk or axial types (Fig. 16-14).  

  Cone types (Fig. 16-21).  

 

Static analysis of Clutches and Brakes  

The following general procedure can be used for analyzing many types of clutches 

or brakes:  

1- Estimate the pressure distribution on friction surfaces.  

2- Find the relation between largest pressure and pressure at any point (where the largest 

pressure will be set to be equal to the maximum allowable pressure for the frictional 

material).  

3- Use static analysis to find braking force or torque and reaction forces.  



Take for example the door-stop shown.  
Applying the analysis procedure:  

1- For simplicity since the shoe is short, we  
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    assume the pressure to be uniformly   

    distributed over the frictional area.  

2- Since pressure is uniform, the pressure at any  

     point is:  

                                           

Where (Pall) is the max allowable pressure for a  
Given shoe material  

3- Static analysis,  
For uniform pressure, the normal force is: 

         

     where (A) is the area of the shoe 

 

Solving for the reactions: 

  

 

 The actuating force “F ” (the maximum value of force that can be applied without 
exceeding (Pall) of the shoe material) can be found from the equation above.  

 The value of the term  needs to be larger than zero.  

 If the term zero        F=0 and the brake is called “self locking” (i.e., no actuating 
force is needed).  
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 It is not desired to have a negative value for the actuating force since it means 
that a force needs to be applied to prevent the maximum pressure from 
exceeding the material allowable pressure.  

 The brake with the direction of motion shown is called “self energizing” (i.e., the 

frictional force helps in reducing the needed actuating force  ).  
 If the motion is in the opposite direction, the brake is called “self deenergizing” (i.e., 

the direction of the frictional force makes the needed actuating force to be larger 

)  

 In such example we made a good use of the max allowable pressure of the frictional 
material because we assumed the pressure to be uniform, thus we can reach the 
max allowable pressure at all points of contact. However, in reality the pressure 
distribution is not uniform.  

 When designing a brake/clutch system, the designer has a required value of torque 
and makes the choice of the friction material to be used, the area of the friction 
surface, the geometry, and then finds the needed actuating force. Thus an iterative 
approach will be needed.  

 Also the designer needs to ensure that the system is not “self locking” if that is not 
required.  
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