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Spur and Helical Gears 
This chapter is devoted to analysis and design of spur and helical gears such that they 
will resist bending failure of teeth and pitting failure of tooth surfaces.  

The Lewis Bending Equation  
The Lewis equation is used to estimate the bending stress in gear teeth (max. bending 
stress at the root of a gear tooth).  
To derive the basic Lewis equation, refer to Fig. 14–1a, which shows a cantilever 
of cross-sectional dimensions F and t, having a length l and a load Wt, uniformly 
distributed across the face width F. The section modulus I/c is Ft 2/6, and therefore the 

bending stress is 
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 It treats the gear tooth using a factor called “Lewis from factor,Y ” (Table 14-2).  
 It also includes a correction for dynamic effects “       ” (due to rotation of the 

gear).  
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 Lewis equation forms the basis of the AGMA bending stress equation used 
nowadays.  

Surface Durability  
This section is concerned with the failure of teeth surfaces (wear).  

 The most common type of surface failure is pitting which is caused by the 
repeating high contact stress.  

 An expression for the max contact stress “       ” between mating gear teeth 
can be derived from the Hertz equation for two cylinders in contact.  

 By adapting the notation used in gearing and including a velocity factor “      ”, 
the contact-stress can be found as:  

 

This equation forms the basis of AGMA contact stress equation.  
AGMA Stress Equations  
In the AGMA methodology, there are two fundamental stress equations, one for 

bending stress and another for pitting resistance (contact stress). 

Bending stress  
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Contact stress (pitting resistance)  
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AGMA Strength Equations  
When analyzing gear teeth, after the bending and contact stress values are found, they 
need to be compared with allowable values of stress (also called strength) to make sure 
the design is satisfactory.  
The AGMA bending and contact strengths,                      (i.e., allowable stresses) are 
obtained from charts or tables (for different materials) and then are modified by 
various factors to produce the limiting values of bending and contact stress.  

 Allowable (limiting) bending stress  

 

 

 Allowable (limiting) contact stress  
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The AGMA bending strength ( ) values are given in Figures 14-2, 14-3, 14-4 and 
Tables 14-3, 14-4 (note that it is termed as “allowable bending stress numbers”).  
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

The AGMA contact strength (SC ) values are given in Figure 14-5 and Tables 14-5, 
14-6, 14-7 (note that it is termed as “allowable contact stress numbers”).  

 The values given in AGMA charts and tables are based on:  
- Unidirectional loading  

- 107 stress cycles  

- 99 percent reliability  
When two-way loading occurs, such as in 
 idler gears, AGMA recommends multiplying  
the bending strength (St value by 0.7)  

 But this is not used for the SC value, why?  
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Geometry Factors, (  )  
The purpose of geometry factors to account for the tooth form in the stress equations.  

 Bending-stress geometry factor  

This factor depends on the shape of the tooth and the distance from the tooth root 
to the highest point of single-tooth contact.  

It also includes the effect of stress concentration in the tooth and the ratio of face 
width upon which load is applied (i.e., the length of line of contact in helical gears).  

The value of for spur gears with 20° pressure angle and full-depth teeth is found 
from Fig. 14-6.  
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The value of for helical gears with 20° normal pressure angle is found from Figs. 
14-7 & 14-8.  
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 Contact-stress geometry factor,  
Also called by AGMA as the pitting-resistance geometry factor.  
It accounts for the values of the instantaneous radius of curvature of the two teeth 
at the point of contact (and for the length of contact line for “helical gears”).  

Its value can be found as:  
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Dynamic Factor, KV 
This factor is used to account for inaccuracies in the manufacture and meshing of gear 

teeth in action, which cause deviation from the uniform angular speed a gear pair is 

supposed to have. 

AGMA uses a “transmission accuracy-level numbers                to quantify gears into 
different classes according to manufacturing accuracy (tolerances).  

 From 3 to 7 is for commercial quality gears.  

 From 8 to 12 is for precision quality gears.  
 

The value of can be found using Eqn.(14-27) in the text or from Fig. 14-9 where 

it gives as a function of pitch-line speed for different QV classes. 

 
 
Overload Factor, KO 
This factor is used to account for external loads exceeding the nominal tangential load 
Wt (such as variations in torque due to firing of cylinders in internal combustion 
engines).  
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The values of Ko are based on field experience in a particular application.  

Values of Ko can be found from the table given in Fig. 14-17.  
 

 
Size Factor, KS 
This factor is used to account for non-uniform of material properties due to size.  

 Standard size factors for gear teeth have not been established yet, thus, AGMA 
suggests using KS=1  (if the size effect is known, KS > 1).  

 However, from the formulation given in Chapter 7 for the endurance limit size 
correction factor, an expression can developed for computing size factor “KS ” for 
gear teeth which is:  

  



Note: If KS was found from the equation to be less than one, then we will use KS =1 
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