
A review on selection of Gear material and Face 

width  
 

 
 Harpreet Singh

1 
Amanpreet Singh

2 

1
Assistant professor at Chandigarh University, Gharuan

 

2
Design Engineer at SMLISUZU, Ropar

 

E-mail:,er.harpreets@gmail.com,  amanpreetsingh@outlook.com 
 

Abstract 
 

Gears are the critical parts of transmission system. Gears are used to transmit 

power or torque through direct contact between paired gears. Global 

competition in automotive market has brought the awareness to optimize the 

transmission design by optimizing the gear pair without compromising with its 

life. An optimization consists of selection of proper material and face width of 

gear pair by keeping the bending stress within safety limit and also by keeping 

the size or weight of gear pair smaller as much it can be without compromising 

with its performance.  

 

Introduction  
Bending stress or tooth root stress can cause breakage of gear tooth which can further 

cause the destruction of all gears in a transmission. To overcome this, a larger safety 

factor for bending stress is taken into account while designing a gear pair against the 

safety factor for contact or pitting strength. 

 

There are number of studies going on related to the stress calculation of gear. 

Researchers and manufacturers have shown keen interest in the calculation of form 

parameter of gears [1] like bending and contact stress. First study in this area was done 

by Rose and Buckinghom [2] in 1920. Later in 1989, a first method for load and stress 

distribution between the engaged tooth of spur and helical gears was developed [3]. 

This method deals with the stress distribution with the change in gear parameters. It 

also includes the other parameter calculations like viz. tooth profile modification, 

crowing on gear tooth, tooth deflection and load distribution along tooth contact. Value 

of bending strength on a gear root is directly proportional with the material used. In 

2008, Engineers from Mahindra and Mahindra published a journal regarding the 

strategies to select a material for a gear pair [4]. A material model shows the material 

behavior in low cycle regime [5] is also helped. This material model consist isotropic 

and kinematic hardening with mechanics of material damage to simulate elastic-plastic 

response of material, as well as damage nucleation and accumulation. Similarly gear 

face width is inversely proportional to the Root bending stress. With Alloy steel gear, 

increase in face width result in decrease in bending stress [6] by keeping other gear 

parameters like Module, Helix angle and gear ratio constant.        
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Besides the individual studies of researchers and manufacturers, there are several 

international standards[1] used in industries for gear Geometry and capacity 

calculation. Among the ISO [6] (International Standard Organization), AGMA 

(American Gear Manufacturers association), DIN (Deutsches Institut für Normung), 

and JIS (Japanese Industrial Standards); ISO and AGMA are most popular and widely 

used as per Kawalec [7]. ISO 6336 is considered the best method for gear capacity 

calculations. With the latest revision of ISO 6336-2006, it is become partially 

equivalent to DIN 3990 [8] and partially equivalent to AGMA 2101-D04 [9], as per 

Euro Trans [10]. ISO 6336 consists of several parts 

 

 

Design Methodology   
As described above, ISO 6336-3 shows how to calculate [8] tooth root stress σF and 

permissible tooth root stress σFP. Theory behind this equation is same as cantilever beam 

theory and similar to AGMA 2001, with several significant differences.  
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Where, σF0 is the nominal stress at tooth root,  

σF is the calculated tooth root stress,  

σFP is the permissible tooth root stress, and 

σFlim is the nominal stress number.  

 

In this study, the nominal stress number σFlim was obtained from ISO 6336-5. It is 

derived from testing [2] reference test gears. It is the bending stress limit value relevant 

to the influence of material, the heat treatment and surface roughness of test gear root 

fillets. 

 

σFlim= A . x +B      (5) 

  

Where, x is the surface hardness in HBW or HV 

 A, B are constant (ISO 6336-5, table 1)  

 

If the value of maximum calculated tooth root stress (σF) is less than the Limit strength 

tooth root (σFG) of material, it is presumed that no tooth breakage will be occured 

within predicted life. i.e. 

 

   
   

  
            (6) 

 

SFmin is the [1] minimum safety factor which is to be agreed on between designer and 

customer. The minimum safety factor was set to 2 in this study, since the analyzed gear 

pair is being designed of heavy duty vehicle. 

 

Ft is nominal tangential force and can be calculated by  
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          (7) 

 

Where, T is torque transmitted by gear. 

 D is reference diameter of gear. 

 

Meaning of symbol used in above equations are described in Table 3. Since it is very 

difficult to find out impaccable value of these factors. As the factors [1] in the ISO 

6336-3 standard can be determined by three methods A, B and C. Out of these three A 

method is superior to B and B is superior to C. The method A is highly accurate one. To 

derived factor as per method A, a full scale test and high skills are required; therefore it 

seldom used only in highly precise gearbox. On the other hand, method C is almost 

same as method B except some approximation are used for some factors. In this study, 

method B is used when advanced knowledge or calculation is required; and method C is 

used when no method is mentioned in method B for factor calculation.     

 

A flowchart of the factors is also presented in Figure 1 in order to give an overview of 

the ISO 6336-3 (Tooth bending strength) calculations. 
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Fig.1. Flowchart to establish modified factor in ISO 6336-3.  

 

 

Input to robustness analysis 

Assumptions for gear geometry calculations 

 It is assumed that the gears are geometrically ideal with no profile error or tooth 

spacing error. 

 Uniform line contact between mating gear. 

 

Conclusions 
 
This analysis represents [3] the easiest way to select material and Face width. This 
method  eliminating the endurance testing done to find out the optimum Face Width 
and material and will reduce the time wastage and money of gear manufacture.   
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