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 Note that gears 2, 3 & 5 are drivers while gears 3, 4 & 6 are driven  

We define the train value, “e ” as:  

 
The sign of “e ” is positive if the last gear rotates in the same direction as the first, and 
negative if the direction is reserved.  
Thus we can write:  

 
 
Planetary gear trains  
In this type of trains the axis of some gears rotates about other gears (see fig. 13-28).  
 Planetary trains include: a sun gear, a planetary carrier or arm, and one or more 

planet gears.  
 Planetary trains have two or more degrees of freedom and thus have two or more 

inputs.  
 

For the gear train shown  
Angular velocity of gear 2 relative to the arm  

                                     
Also, angular velocity of gear 5 relative to the  
arm  

                                        
Dividing we obtain the ratio of gear 5 to that of 2  

                                      
In general we write: 
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Interference with Helical Gears 

 On spur and gear with one-to-one gear ratio, smallest number of teeth which will 

not have interference is 

 

 k =1 for full depth teeth. k = 0.8 for stub teeth 

 On spur meshed with larger gear with gear ratio mG = NG/NP = m, the smallest 
number of teeth which will not have interference is 

 

 

Interference with Helical Gears 

 Largest gear with a specified pinion that is interference-free is 
 

 
 Smallest spur pinion that is interference-free with a rack is 
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Force Analysis- Spur Gears  
Notation:  
- Number “1” corresponds to the frame of machine.  

- The input gear is given the number “2” and then gears are numbered successively 3, 
4, etc.  

- Shafts are designated using lowercase letters; a, b, c, etc.  

- Force exerted by gear “2” on gear “3” will be named F23.  

- Similarly, F2a is the force exerted by gear “2” on shaft “a ”.  

- Superscripts indicate the direction, directions are indicated using coordinates x, y and 
z for the shafts, radial and tangential, r and t  for the gear teeth reactions.  

 
Example:             is the “tangential” component of the force exerted by gear “3” on gear 

“4”.  

 Consider gear “2” mounted on shaft “a” which rotates at velocity “n2” and it 
drives gear “3” which is mounted on shaft “b” causing it to rotate at velocity 
“n3”. 

  
 

 A free body diagram of each gear will show the forces acting on it.  
 For “driver gears” the torque direction is same as the direction of rotation.  
 The reactions between mating gears will be directed along the pressure line, and its 

direction will be opposite to the direction of rotation of “driver gears”.  
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 The reaction forces can be further split into their components.  
 The only useful component of F32 is the tangential component, and it is defined as 

the “ transmitted load ”  
 The applied torque can be related to the transmitted load as  

If we designate the pitch line velocity as “V ” where;  
 
 

 
The power “H ” can be obtained as:  
 

 

 Useful power relation in customary units, 

 
 

 Or in SI units 
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Force Analysis- Helical Gears  
The point of action of forces is assumed to be at the middle of the tooth.  
Forces acting on the tooth are shown in the figure.  
The transmitted load is found from the input torque same as in spur gears.  
From trigonometry, the radial force Wr and axial force Wa can be found from the 

transmitted load Wt (tangential force) as: (W is the total force) 
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