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Bevel Gears - General  
Bevel gears are classified as follows:  

 Straight Bevel Gears: (Fig. 13-35) used for pitch line velocities up to 5m/s, noise 
level is high.  

 Spiral Bevel Gears: (Fig. 15-1) used for higher speeds, noise level is lower than 
straight gears because of gradual engagement of teeth (similar to helical gears).  

    Spiral angle see Fig. 15-2.  

 Zerol Bevel Gears: it has curved teeth  

but zero spiral angle. Usually used  

instead of straight bevel gears because  

of lower noise level. It has smaller thrust  

component than spiral gears (because of  

zero spiral angle).  

 Hypoid Bevel Gears: (Fig. 15-3) used for  

offseted shafts. Teeth action is  

combination of rolling and sliding (more  

friction).  

 Spiroid Bevel Gears: (Fig 15-4) used for  

shafts with large offset (the pinion is  

similar to a worm).  
 
Straight Bevel Gears  
Bevel gears are used to transmit motion  
between intersecting shafts. The shafts  
usually make 90 angle with each other  
but also other angles are possible.  
The figure illustrates the terminology of  
bevel gears.  

 The pitch diameter is measured at the  

large end of the tooth.  

 The circular pitch and diametral pitch  

are calculated the same as in spur gears.  

 The pitch angles are defined as shown in  

the figure and they are related to the  

number of teeth as follows:  
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Pinion:  
 
 
Gear:  
 

Standard straight-tooth bevel gears are cut using 20°  

pressure angle. 

The shape of teeth, projected on back cone, is same  
as in a spur gear with radius rb 

 Virtual number of teeth in this virtual spur gear is 
 

                 

Force Analysis-Bevel Gears  
The point of action of the force is assumed to be at the midpoint of the tooth (though it 
is really between the midpoint and the large end of the tooth).  
The transmitted load is found as 
 

 

 
 
 
The forces acting on the midpoint of the tooth 
are shown in the figure.  
From trigonometry, the radial force Wr  and  

axial force Wa can be found as: 
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Worm Gears  

 The worm and worm gear have the same hand of helix, but the helix angles are 
different.  

 Helix angle for the worm,           , is large (see fig. 13-24) and usually the lead 
angle,         , is specified instead.  

 Lead angle for the worm,       , is equal to the gear helix angle,            , (for shafts 
at 90° ).  

 Typically, the axial pitch “     ” for the worm and the transverse pitch “         ” for 
the gear are specified.  

 The lead “        ”and the axial pitch “         ” of the worm are related as, (where : 
number of teeth of the worm).  
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 The lead “        ” and the lead angle “         
  ” of the worm are related as , 

 

  
 Pitch diameter of gear is measured on  

plane containing worm axis 

 
Worm may have any pitch diameter. 

 Should be same as hob used to cut the gear  
teeth 

 Recommended range for worm pitch  
diameter as a function of center distance C, 

               
Face Width of Worm Gear 

 Face width FG of a worm gear should 
be equal to the length of a tangent to the worm  
pitch circle between its points of intersection with  
the addendum circle 
 
 
Force Analysis - Worm Gears  
With friction neglected, the only force acting  
on the tooth is the normal force W. The                                           components of the 

force are shown in Fig. 13-40.  
Using subscripts  to indicate forces  
acting on the Worm and Gear  
We note that 
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In spur gears, the relative motion of mating teeth is primarily rolling thus friction is 

negligible. Where as in worm gears, the relative motion between the worm and worm 

gear teeth is pure sliding therefore friction is significant in worm gears performance. 

Introducing a coefficient of friction “   ” the frictional force (acting tangential to the 
surface of the tooth) “                       “contributes in the force components:  
Relative motion in worm gearing is sliding action 

 Friction is much more significant than in other types of gears 

 Including friction components, Eq. (13-41) can be expanded to 

  

 Combining with Eqs. (13-42) and (13-43), the frictional force can be found as  
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The tangential forces of the worm “           ” and the gear "            " can be related as:  

  

The efficiency of force transmission by the worm set can be defined as:  From Eq. 

(13–45) with f = 0 in the numerator, 

  

 Using this equation it can be seen that the efficiency increases with increasing 
helix angle “ ” ( i.e., decreasing  ), see Table 13-6.  

 Experiments have shown that the coefficient of friction depends on the sliding 

velocity, “  ”.  

 The relative sliding velocity “  ” can be found as, ( see Fig 13-41 )  

 

 The coefficient of friction "  " can be found as function of  from Fig 13-42.  

 
Worm Gearing Efficiency 

 With typical value of f = 0.05, and 

  = 20º, efficiency as a function of  
helix angle is given in the table. 
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Worm Gearing Efficiency 

 Coefficient of friction is dependent  

on relative or sliding velocity VS 

 VG is pitch line velocity of gear 

 VW is pitch line velocity of worm 
 

           

 

 

 

Coefficient of Friction for Worm Gearing 

 Graph shows representative values 

 Curve A is for when more friction is expected, such as when gearsare cast iron 

 Curve B is for high-quality materials 

 

 

 

 

 

 

 

 

 

  

 



Lecture 13 Design of   Bevel and Worm Gears 
 

Design of Machine Systems II               By: Dr. Saad Mahmood Ali Page 10 
 

 

 



Lecture 13 Design of   Bevel and Worm Gears 
 

Design of Machine Systems II               By: Dr. Saad Mahmood Ali Page 11 
 

 

 

 



Lecture 13 Design of   Bevel and Worm Gears 
 

Design of Machine Systems II               By: Dr. Saad Mahmood Ali Page 12 
 

 

 



Lecture 13 Design of   Bevel and Worm Gears 
 

Design of Machine Systems II               By: Dr. Saad Mahmood Ali Page 13 
 

 

 


