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Edition in SI units,  th"Machine Elements in Mechanical Design" 4  :ceReferen
By: Robert L. Mott, Chapter 22. 

Introduction 

 A brake is a device used to bring a moving system to rest, to slow its speed or 

to control its speed to a certain value under varying condition.  

 A clutch is a device used to connect or disconnect a driven component from 

the prime mover of the system. 

 See section 22-2 (Page 833) and figure 22-1: 
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 Types of friction clutches & brakes (section 22-2 , page 835): 
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 Friction material and coefficient of friction (table 22-2, page 850): 
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Plate-type clutch or brake (section 22-11, Page 851) 

     
       

 
 

            ………. (22-8) (page 851) 

Where:  

Tf : Friction torque  

f : Coefficient of friction 

N : Axial force which pressed plates together  

 

Notes: 

1. For multiple disc clutch or brake let (n) be the number of pairs of contact 

surfaces: 

             

2. If there are (n1d) No. of discs on driving shafts and  

(n2d) No. of discs on driven shaft then No. of pairs of  

contacts surface are: 

              

3. A reasonable for the ratio (RO/Ri) is from (1.2 – 2.5). 

4. The required torque capacity is usually expressed as: 

   
      

 
          

Where:  

C : Conversion factor for units 

Pf : Power 

K : Service factor base application  

K = 1 for average condition; 1.5 for moderate duty; 3 for heavy duty 

C = 1 if P: in watt and n: in rad/sec and T: in N.m 
 

5. Judge the suitability of wear rating (WR) 

   
  

 
         

                  

WR = 0.046 W/mm2 for frequent application (conservation rating) 

         = 0.116 W/mm2 for average service 

         = 0.46 W/mm2 for infrequently use 

 

Ro 

Ri 
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Example Problem 22-6:  
Compute the dimensions of an annular plate-type brake to produce a braking 
torque of 33.9 N.m. Springs will provide a normal force of 1423.4 N between the 
friction surfaces. The coefficient of friction is 0.25. The brake will be used in 
average industrial service, stopping a load from 78.5 rad/sec. 
Solution: 

1- Compute the required mean radius from equation (22-8). 
 

   
  

  
 

        

                
           

 
2- Specify a desired ratio of Ro/Ri and solve for the dimensions. A reasonable 

value for the ratio is approximately 1.50. The range can be from 1.2 to about 2.5, 
at the designer's choice. Using 1.50, Ro = 1.50Ri and 
 

   
     

 
 

        

 
         

Then, 

   
  

    
 

        

    
         

                            

3- Compute the area of the friction surface: 
 

      
    

                                    
 
4- Compute the frictional power absorbed: 
 

                  (    
   

   
)         

 
5- Compute the wear ratio: 
 

   
  

 
 

      

             
              

 
6- Judge the suitability of WR. If WR is too high, return to Step 2 and increase the 
ratio. If WR is too low, decrease the ratio. In this example, WR is acceptable. 
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Cone clutch or Brake (section 22-13), Page 854 

 

                

                                   …… (22-8) 

In addition to tangential friction 

force, there is a friction force 

along surface of cone = Ff' = f N 

 

                   

                   

  
  

           
                

 

   
       

           
                

 

Example Problem 22-7:  
Compute the axial force required for a cone brake if it is to exert a braking 
torque of 67.8 N.m. The mean radius of the cone is 127mm Use   = 0.25. Try 
cone angles of 10°, 12°, and 15°. 
 
Solution: We can solve Equation (22-13) for the axial force Fa: 
 

   
               

    
 

                            

              
 

 
                          N 
 
Then the values of (Fa) as a function of the cone angle are as follows: 
For α = 10° 
Fa =898.5 N 
 
For α = 12° 

Fa =965.2 N 
 
For α = 15° 
Fa =1067.5 N 
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Short shoe drum brakes (section 22-14), Page 855:  

∑ MA = 0 

               

But note that:         

Or:     
  

 
   then, 

 

     
    

 
          (( 

 

 
 )   ) 

Solving for W gives: 

  
  (

 
 
  )

 
                

Solving for Ff gives: 

   
  

(
 
 
  )

                   

      
  

 
 

      

 (
 
 
  )

                    

Note 1 : for alternate position of pivot, see part (b) & (c) on fig. (22-17) Page 856 

Note 2 : see example 22-8 (Page 857) 

Note 3 : if the angle of contact is greater than 45°, in such case Tf = Ff' * Dd/2 

Where f' : Equivalent coefficient of friction  

f' = 
       

        
   ;   where 2θ : angle of contact 
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Example Problem 22-8: 
Compute the actuation force required for the short shoe drum brake of the 
figure above to produce a friction torque of 67.8 N.m. Use a drum diameter of 
254 mm, a = 76.2 mm, and L =381 mm. Consider values of ( f ) of 0.25, 0.50, and 
0.75, and different points of location of pivot A such that b ranges from 0 to 
152.4 mm. 
Solution: 
The required friction force can be found from Equation (22-17): 
 

   
   

  
 

             

       
       

 
In Equation (22-15), we can substitute for a, L, and Ff . 
 

  
  (

 
 
  )

 
 

      (
       

 
  )

      
          (

       

 
  )  

 

We can substitute the varying values of f and b into this last equation to compute 

the data for the curves of Figure 22-18, showing the actuating force versus the 

distance b for different values of ( f ) , Note that for some combinations, the value 

of W is negative. This means that the brake is self-actuating and that an upward 

force on the lever would be required to release the brake. 
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Example:  

f = 0.25, Pmax = 496.6 KPa 

Tf = 84.75 N.m , ω= 12.564 rad/sec 

Design shoe drum brake? 

f' = 
       

        
  

            

                 
      

f' = 0.293 

Tf = Ff * r  

Ff = 84750/101.6 = 834.2 N 

Ff = f' * N 

N = 834.2 / 0.293 = 2847 N 

 

W * L + Ff * r = N * C  W = (2847*203.2 – 834.2*101.6) / 381 = 1296 N 

A = (2r sin θ) * w 

Pmax = N/A = 2847 / (2*101.6*w*sin60)  w = 32.6 mm 

 

Note: you can use equations from 22-18 to 22-24 for solving the example        

(page 858). 
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Band brakes (section 22-15), (Page 860): 

 

                                       

  

  
                            

                                       

  
    

 
                             

  
         

 
                         

 
Example Problem (22-10):  
Design a band brake to exert a braking torque of 81.36 N.m, while slowing the 
drum from120 rpm (12.564 rad/sec). 
Solution 

1- Select a material and specify a design value for the maximum pressure. A 
woven friction material is desirable to facilitate the conformance to the 
cylindrical drum shape. Let's use pmax = 172.4*103 N/m2 and a design value of 
f = 0.25. See Section 22-10. 

2- Specify trial geometry: r, θ, w: For this problem, let's try r = 0.152 m, θ =225  , 
and w=0.051 m. Note that 225   = 3.93 rad. 

3- Compute the maximum band tension. P1, from equation (22-27) 
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4- Compute tension P2 from Equation (22-26): 
 

   
  

    
 

      

             
       

 
5- Compute the friction torque, Tf : 
 
                                                

 
Note: Repeat Steps 2-5 until you achieve a satisfactory geometry and friction 
torque. Let's try a smaller design, say, r =0.127 m: 
 
                                              
 

   
      

             
       

 
                                   (Okay) 

 
6- Specify the geometry of the lever, and compute the required actuation force. 

Let's use a = 0.127 m and L = 0.381 m. Then: 
 

  
    

 
         

       

       
       

 
7- Compute the average wear ratio from WR= Pf/A: 

      (
 

   
)                        (

   

   
)            

                                        

   
  

 
 

      

         
     

 

  

This should be conservative for average service. 
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