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A B S T R A C T   

The high-contact ratio (HCR) spur gear is a possible choice for a quiet and smooth gearing system. However, HCR 
spur gear of the involute type has several constraints, such as high sliding contact under large loads and 
interference problems in high speed reduction systems, so its benefits may not be fully offered. As a result, the 
primary goal of this research is to design a non-involute HCR spur gear with reduced sliding contact, enhanced 
fillet strength, better lubrication conditions, and no interference issues compared to the traditional HCR involute 
pair. A generalized mathematical model for defining the gear tooth profile and its geometrical aspects is built 
based on the path of contact shape. The involute curve length parameter and maximum pressure angle during the 
meshing cycle are only introduced to characterize this model. This model is utilized to create a new non-involute 
HCR gear pair that provides a free-form tooth profile to meet the design requirements. To demonstrate this 
method, certain case studies are provided, and the analytical results are validated using the finite element 
method. The new gear’s performance is compared to the traditional involute gear that is currently in use. The 
results showed that by employing the proposed method, the HCR spur gear can achieve better surface durability 
and fillet strength.   

1. Introduction 

1.1. Background 

In typical industrial gearing systems, low-noise performance be-
comes a fundamental requirement for determining the quality of the 
gears for consumers. High contact ratio (HCR) spur gears can give 
smooth meshing in operation while being smaller and lighter. The HCR 
gear has a contact ratio of at least 2 or more, which means that it has at 
least two or more tooth pairs in contact during the meshing cycle to 
share the load. Gears with an involute curve as the tooth profile are 
widely used in the industry. Using this gear type necessitates teeth with a 
lower pressure angle, finer pitch, or extended addendum. All of these 
factors affect tooth stress per unit load, interference issues, and high 
sliding velocity, resulting in increased wear rates, scoring, and pitting 
[1–3]. As a consequence of such constraints, in addition to surface 
destruction, the installation of a larger and specialized cooling system to 
reduce heat generation is required. Therefore, the advantages of the 
HCR spur gear may not be fully realized. 

Many researchers have studied HCR gears over the last few decades. 
Staph H. E. [1] proposed a computer program for designing involute 
gears with low contact ratios (LCR) and high contact ratios (HCR). The 
effects of gear proportions on various performance variables were 
investigated. It was determined that the HCR gear generated by raising 
the addendum of an LCR gear has reduced bending and contact stresses 
while having higher heat generation and flash temperature. Anderson N. 
E. and Loewenthal S. H. [3] proposed a method for computing the ef-
ficiency of the HCR involute gear. In their study, the effects of the 
applied load, gear speed, and tooth proportions were investigated. The 
findings indicated that, despite the high sliding velocities of HCR gears, 
they may be built to have efficiency levels that are comparable to those 
of standard gears while still preserving their advantages through correct 
gear geometry selection. Elkohly A. H. [4] proposed a solution for 
estimating the load share factor (LSF) between the HCR involute gear 
pair in the mesh. The sum of tooth deflection, spacing error, and profile 
modification was considered to be identical for all pairs in contact. After 
calculating individual loads, tooth fillet stress and contact stress were 
estimated. The results showed good agreement with the photoelastic 

Abbreviations: FFG, Free-form-gear; POC, Path of contact.; SLS, Straight-line segment.; TLF, Top land factor; HCR, High contact ratio; LCR, Low contact ratio; LSF, 
Load share factor; UTC, Universal transition curve. 
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