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Abstract

This paper presents a method of research and design of gears with asymmetric teeth that enables to
increase load capacity, reduce weight, size and vibration level. The method is illustrated with
numerical examples. C) 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction
Conventional involute spur gears are designed with symmetric tooth side surfaces [l, 2]. It is well
known that the conditions of load and meshing are different for drive and coast tooth's side.
Application of asymmetric tooth side surfaces enables to increase the load capacity and durability for
the drive tooth side. Therefore, the geometry and design of asymmetric spur gears represents an
important problem.
There are several articles about involute gears with asymmetric, or so-called, buttress teeth [3, 4].
They consider the low pressure angle profile (as a rule 20°) for the drive side and high pressure angle
profile for the coast side teeth. Such an approach enables to decrease the bending stresses and keeps
contact stresses on the same level as for symmetric teeth with equal pressure angle. However, this
design is accompanied by raising mesh stiffness, increasing noise and vibration with frequency of the
cycle of meshing. It does not affect the load capacity limited by contact stresses.

Nomenclature
generating rack tooth addendum, mm (in.)
generating rack tooth dedendum, mm (in.)
center distance, mm (in.)
radial clearance, mm (in.)
tooth thickness coefficient
base circle diameter, mm (in.)
tip circle diameter, mm (in.)
outside circle diameter, mm (in.)
pitch diameter, mm (in.)
generating pitch diameter, mm (in.)
root diameter, mm (in.)
coefficient of asymmetry
gear ratio
top land thickness coefficient
contact ratio
diametral pitch, 1/mm (1/in.)
diametral pitch on the base circle, 1/mm (1/in.)
generating rack pitch, 1/mm (1/in.)
generating rack tooth radius, mm (in.)
top land thickness, mm (in.)
tooth thickness on pitch diameter, mm (in.)
generating rack tooth thickness, mm (in.)
pressure angle, deg
profile angle in the bottom contact point, deg
profile angle on outside circle
generating rack profile angle, deg.
profile angle in the intersection (tip) point of the two involutes, deg
Subscript
coast involute profile
drive involute profile
pinion (sun gear)
gear (planet gear)
ring gear

The approach developed in this paper differs from the previous ones [3, 4] and is based on the
following considerations:
1. For an external gearing a larger pressure angle is proposed for the drive tooth side but not for
the coast tooth side.

2. The parameters of asymmetric gears are defined independently from any generating rack
parameters. On the contrary, the choice of the generating rack (or racks) parameters is
based on results of the asymmetric gear synthesis.
The load capacity of the involute gear greatly depends on the pressure angle. The growth of the drive
side pressure angle increases radii of curvature, reducing Hertzian contact stress, and enlarges the
thickness of the central elastohydrodynamic film. It is in agreement with the tendency of design of
aerospace gears with a larger pressure angle (25°-28° instead of 20° [5]).
The analysis of conventional involute spur gears is based on parameters of the standardized
generating rack and its shift. The use of this method leaves a lot of gear combinations out of
consideration because an area of the selection is limited by standard parameters of the generating rack.
In another approach, which is developed by Prof. E.B. Vulgakov in his theory of `generalized
parameters', the gears are described independently from any generating rack [6]. The author has
adopted this theory for gears with asymmetric teeth that are nonstandard [7-9] and developed the
procedure of design and computation of gear geometry that is supported by the computer programs.
The content of the paper is organized as follows: Section 2 gives an analysis of asymmetric gearing.
In Section 3, determination of the area of design parameters from the condition of existence of
asymmetric gearing is given. Section 4 describes the synthesis of asymmetric spur gears with
subsequent determination of generating rack parameters and Section 5 gives the numerical examples,
prototypes, application.
The definitions and symbols used in this paper (see the Nomenclature) have been taken mainly from
standard AGMA 1012-F90. Subscript symbols d (drive) and c (coast) regard to the sides with high and
low pressure angle.

2. Analysis of asymmetric gearing
An asymmetric involute tooth is formed by two involutes of different base circles Dbd and
circle diameter Do and fillet, which appears when generating profile is selected (see Fig. 1).
The profile angles in the intersection point of the two involutes (tip angles) are

where Do is tip circle diameter. The coefficient of asymmetry is

The symmetric teeth have k = 1.0. The profile angles on the outside diameter Do are

Dbc, outside

The top land thickness coefficient is
(4)
where inv x = tan x - x is involute function of the angle x, So is the top land thickness. The coefficient
m o is selected within (0.25-0.4)/N range, where N is number of teeth. The coefficient mo should be
large enough to avoid fracturing of the tip for the case-hardened gears, but the increase of m o reduces
the transverse contact ratio. Fig. 2 shows a zone of the tooth action for the asymmetric gears. The
pressure angles can be fund from

(5)

and Eq. (2). The contact
ratios are: for drive
sides:

for coast sides:

(7)
To avoid the interference, the profile angles in the bottom points of the coast sides (they are more
sensitive) must be larger or equal to zero: for the pinion:
(g)
• for the gear:
(9)
The profile angles in the bottom points of the drive sides are

(10)

Fig. 2. The zone of the tooth action for the pinion and the gear with asymmetric teeth.

