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Flexible Mechanical Elements 

 Flexible mechanical elements (belts, chains, ropes) are used in conveying 
systems and to transmit power over long distances (instead of using shafts and 
gears).  

 The use of flexible elements simplifies the design and reduces cost.  

 Also, since these elements are elastic and usually long, they play a role in 
absorbing shock loads and reducing vibrations.  

 Disadvantage, they have shorter life than gears, shafts, etc. 
  

Belts  
  There are four basic types of belts (Table 17-1):  
 
Flat belts ~ crowned pulleys.  

Round belts ~ grooved pulleys.  

V-belts ~ grooved pulleys.  

Timing belts ~ toothed pulleys.  
 
  Characteristics of belt drives:  

Pulley axis must be separated by certain minimum distance. Why?  

Can be used for long center distances.  

Except for timing belts, there is some slipping between belt and pulley, thus 
angular velocity ratio is not constant or equal to the ratio of pulley 
diameters.  

A tension pulley can be used to maintain tension in the belt.  
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There are two main configurations for belt drives; open and crossed (Fig 
17-1) where the direction of rotation will be reversed for the crossed belt drive. 
The figure shows reversing and non-reversing belt drives, always there is one 
loose side depending on the driver pulley and the direction of rotation. 
 

 

Fig. (17-3) shows flat belt drive for out of-
plane pulleys. 

Fig. (17-4) shows how clutching action can 
be obtained by shifting the belt from loose 
to a tight pulley.  

Fig. (17-5) shows two types of variable-
speed belt drives.  
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Flat and Round Belt Drives  
Flat belt drivers produce very little noise and they absorb more vibration 

from the system than V-belts.  
Also, flat belts drives have high efficiency of about 98 % (same as for gears) 

compared to 70-96 % for V-belts.  
    For open belt drives, the contact angles are:  
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

And the length of the belt is: 
  

 

For crossed belt drives, the contact angle is the same for both pulleys: (Fig.17-
2b)  

 



And the belt length is:  
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Force Analysis:  
Figure 17–7 shows a free body of a pulley and part of the belt. The tight side 

tension F1 and the loose side tension F2 have the following additive components: 
 

 



Tight side tension:  

(f) 


Loose side tension:  
 

   (g)  

 

The total transmitted force is the difference between F1 &  F 2 is related to the 
pulley torque 

 


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The centrifugal tension FC can be found as:  


  

 where ῳ : is the angular velocity, & m: is the mass per unit length.  
It also can be written as: 

 

where g = 9.81 m/s2, : w is weight per unit length, V=πDn  



The initial tension can be expressed as:  

 

The belting equation relates the possible belt tension values with the 
coefficient of friction and it is defined as:  

 

 

 

Substituting in eqn.(1) we find the relation between Fi and T 

 

This equation shows that if Fi is zero; then T is zero (i.e. there is no 

transmitted torque). 

Substituting in  F1 & F2  equations we get: 



Lecture 2, Design of flat Belts 
 

Design of Machine Systems II               By: Dr. Saad Mahmood Ali Page 7 
 

 

Plotting  F1 &  F2 vs. F i we can see that the initial tension needs to be 

sufficient so that the difference between  F1 &  F2 curves is 2T/D. 
 
 



Table 17-2 gives the manufacturers specifications for the allowable tension 
for each type of belts.  



When a belt is selected, the tension in the tight side is set to be equal to the 
max allowable tension for that belt type.  

However, severity of flexing at the pulley, and the belt speed affect the belt 
life, thus they need to be accounted for.  

 
Therefore the max allowable tension is found as:  
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where:  
Fa : allowable tension per unit width for a specific belt material (kN/m) (Table 

17-2)  
b : belt width (m)  
CP : pulley correction factor (for the severity of flexing), it is found from 

(Table17-4) for the small pulley diameter. 

The transmitted horsepower can be found as:  
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A moderate variety of belt materials, with some of their properties, are listed 

in Table 17–2. These are sufficient for solving a large variety of design and 

analysis problems. The design equation to be used is Eq. ( j). 

 

 

However, when designing a design factor nd needs to be included to 
account for unquantifiable effects. Also another correction factor KS, is included  

The values given in Table 17–2 for the allowable belt tension are based on a 

belt speed of 600 ft/min. For higher speeds, use Fig. 17–9 to obtain Cv values for 

leather belts. For polyamide and urethane belts, use Cv = 1.0. 

The service factors Ks for V-belt drives, given in Table 17–15 in Sec. 17–3, 

are also recommended here for flat- and round-belt drives. 
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to account for load deviations from the nominal value (i.e., over loads).  
 
Thus the design horsepower is:  

 

Steps for analyzing flat belts include:  

1. Find for the smallest pulley from geometry (find e
f

if needed). 
2. From belt material and speed find FC.  

 

3. Find the transmitted torque. 

 
4. From torque T, find the transmitted load. 

 
5. From belt material, drive geometry & speed, find (F1 a ) . 

 

6. Find  F2 

 
7. From (F1 a ), F2 & FC find Fi . 

 
 

8. Check if the friction of the belt material is sufficient to transmit the torque.  
 

 
 

9. Find the factor of safety  
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