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Abstract 

Gear design is an extremely difficult art. Due to repeated excessive stresses, bending fatigue often occurs at 

the root of the tooth. The first crack initiates at the regions with the highest stress concentrations and propagates 

until failure occurs. The fatigue of gear tooth due to bending is always a challenge to designers. At the critical 

section of the tooth, concentration occurs due to curvature discontinuity. Such discontinuities cause a drastic 

jump in stress values, thereby making these regions prone to mechanical failure. Hence, the optimization of the 

gear tooth-root profile plays a significant role in reducing the stress concentration and improving the gear tooth 

strength. This research focuses on the minimization of stress concentration by optimizing root profile at the 

critical section of the asymmetric gear. For asymmetric gear bending stress at critical section is always lower 

then symmetric gear. The combined effect of asymmetric gear and optimized root profile gives a better 

reduction in bending stress at critical section. It will reduce stress concentration. Geometric continuity of order 

2 at the connection point of involute profile and root profile plays a very important role in reducing stress 

concentration. To minimize stress at critical section, a mathematical model of asymmetric involute spur gear 

has been developed and established Bezier curve with geometric continuity of order 2 at critical section. It will 

reduce curvature discontinuity. To create an exact geometric of CAD model in CAD software, an algorithm has 

been presented. Three CAD model has been created in AutoCAD using the algorithm. These three models are 

symmetric spur gear with standard fillet, asymmetric spur gear with standard fillet and asymmetric spur gear 

with the modified root. Using FEA simulation software, for developed models FEA analysis has been carried 

out. von-Mises stress of asymmetric with normal fillet is compared with normal filleted symmetric gear and 

found that it is reducing by 17.50 %. von-Mises stress of optimized root profile with asymmetric is compared 

with normal filleted symmetric gear and found that it is reducing by 31.27%. It is observed that the modified 

tooth and root profile were reduced stress concentration. To manufacture modified gear, the G code generation 

algorithm has been presented which is essential to develop software. It also allows Direct Gear Manufacturing. 

Application: This PhD Thesis would be useful for Design, Modeling and Manufacturing of a symmetric and 

asymmetric involute spur gear. 
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