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Meshing Characteristics and Transmission Performance of a Novel
Elliptical Internal Tooth Profile for Planetary Drive with
Small Tooth Difference

HAN Zhenhua, SHI Wankai, XU Lang, LIU Chang

(State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400030, China)

Abstract: Based on the transmission principle of cycloidal pinwheel drive, the tooth profile of
pinwheel is regarded as a special constant curvature elliptic curve with overlapped focuses. Then a
new high-performance small tooth difference planetary drive, which takes the variable curvature
elliptical curve as internal tooth profile, is proposed. The axial length coefficient A is introduced
to analyze the geometric principle of variable curvature elliptical curve, an elliptical internal tooth
profile equation is derived based on differential geometry and conjugate engagement theory, and
accordingly the conjugate profile equation is deduced. The meshing line, undercutting condition,
meshing boundary, pressure angle, induced normal curvature and sliding ratio of this new gear
drive are analyzed. Results show that this new gear drive has multi-teeth meshing property, and

the theoretical methods for the conjugate profile undercutting judgment and elliptical tooth root
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optimal design are provided separately by undercutting boundary function and meshing boundary.

Compared with cycloidal drive, when the tooth height is determined, the pressure angle, induced

normal curvature and sliding ratio in sensitive sliding range can be reduced by decreasing axial

length coefficient A. Further., the reducer unit of variable valve timing system is designed by

applying this new gear drive, and simulation analysis of the reducer unit is conducted. Results

indicate that the superior transmission efficiency and high transmission precision of this new gear

drive are demonstrated compared with the same type of cycloidal drive. Finally, a prototype is

produced, and its backlash is tested, which meets the design requirements well, suggesting that

the simulation model and simulation result of this new reducer unit are reasonable.

Keywords: tooth profile; small tooth difference; planetary drive; engaging principle; meshing

characteristics
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