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Abstract

Keywords: Curvilinear Gears, Differential Geometry, Tooth Modification, Kinematic Error,
Tooth Undercutting

Compared with spur gears and helical gears, curvilinear cylindrical gears have better
bending strength and contact strength. The tooth profiles of curvilinear gears are advantageous
for retaining lubrication oil, and unlike helical gears, curvilinear gears do not exert axial thrust
load. Therefore curvilinear gears are very suitable for precise parallel-axes transmission with
high loading. Although there are a few research about this type of gears, most of these research
focused on curvilinear gears generated by straight-edged cutters. When there are axial
misalignments, conventional curvilinear gear sets will have problems such as discontinuous
kinematic errors or edge contact with extremely high contact stress.

To solve the above mentioned problems, this research project proposes a new type of
curvilinear gears with tooth modifications which are generated by tools with circular-arc normal
sections. When utilizing this new type of curvilinear gears, it will introduce inherent continuous
parabolic-shaped kinematic errors and localized bearing contact in the middle of gear tooth.
Consequently, neither edge contact nor discontinuous kinematic errors will occur even under
axial misalignments. The service lives of the curvilinear gear sets will increase, and the
vibrations and noises will be reduced. These are the main contributions of this proposed
research.

This research project is a one year project. First, the mathematical model of an imaginary
three-dimensional rack cutter will be derived according to the cutter with circular-arc normal
section and the practical cutting mechanisms of curvilinear gears. Then, the mathematical model
of curvilinear gears with tooth modifications can be derived based on the theory of gearing and
differential geometry. Generally, tooth undercutting will occur under small gear teeth number or
small pressure angles. Therefore, using the derived mathematical model, this project will derive
the equations of tooth undercutting and also calculate the positions of singular points on the
generated gear tooth profiles. Computer programs will also be developed according to the
derived mathematical equations, and these will be very helpful for gear engineers. Finally, we
also manufactured the proposed curvilinear gears with tooth modifications to validate the
theoretical mathematical models. The results will be very valuable references for the gear
manufacture industry.
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