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More strength, less transmission error, higher efficiency and lower temperature in the gear
mesh are major demands in the design of gear transmissions. These goals can be achieved by
introduction of optimal tooth surface modifications. In practice, these modifications are intro-
duced by applying the appropriate machine tool setting for the manufacture of the pinion and
the gear, and/or by using a tool with an optimized profile. Therefore, the main goal of this pro-
ject is to systematically define optimal tool geometry and machine tool settings to simultane-
ously minimize tooth contact pressure, angular displacement error of the driven gear and aver-
age temperature in the gear mesh, and to maximize the efficiency of the gear pair.

A multi-objective optimization method of face-milled and face-hobbed spiral bevel and
hypoid gears correlating to the operating characteristics is developed. Optimal design of gears
demands that multiple objectives be simultaneously achieved. The basic elements of this op-
timization method are:

1. The mathematical description of the manufacture of face-milled and face-hobbed spiral
bevel and hypoid gears on cradle type and CNC hypoid generators. It includes the determina-
tion of the influence of machine tool setting parameters and tool geometry on the tooth surface
geometry of the pinion and the gear. By the change of machine tool settings the appropriate
modifications can be introduced into the teeth surfaces.

2. Loaded tooth contact analysis. In the newly developed method it is assumed that the
point contact under load is spreading over a surface along the “potential” contact line, which
line is made up of the points of the mating tooth surfaces in which the separations of these
surfaces are minimal, instead of assuming the usually applied elliptical contact area. The real
separations of contacting tooth surfaces are calculated by applying the full theory of tooth sur-
face generation in face-milled and face-hobbed spiral bevel and hypoid gears.

3. The mixed-thermal-elastohydrodynamic lubrication analysis. A full numerical solution
for the mixed elastohydrodynamic lubrication in spiral bevel and hypoid gears is derived. The
equation system and the numerical procedure are unified for a full coverage of all the lubrica-
tion regions including the full film, mixed, and boundary lubrication. In the hydrodynamically
lubricated areas the calculation method employed is based on the simultaneous solution of the
Reynolds, elasticity, energy, and Laplace's equations. In the asperity contact areas the Reyn-
olds equation is reduced to an expression equivalent to the mathematical description of dry
contact problem. The transient nature of gear tooth mesh is included. The oil viscosity varia-
tion with respect to pressure and temperature and the density variation with respect to pressure
are included. The non-Newtonian behaviour of the lubricant is considered.

4. The multi-objective optimization method. A multi-objective optimization method of
sipral bevel and hypoid gears correlating to the operating characteristics is developed. The op-
timal design of hypoid gears demands that multiple objectives be simultaneously achieved.
Four objectives considered in this project are the minimization of the maximum tooth contact
pressure, transmission error and the average temperature in the gear mesh, and the maximiza-
tion of the mechanical efficiency of the gear pair. The goals of the optimization are achieved



by the optimal modification of meshing teeth surfaces. In practice, these modifications are in-
troduced by applying the appropriate machine tool settings for the manufacture of the pinion
and the gear, and/or by using a tool with an optimized profile. The proposed optimization pro-
cedure relies heavily on the loaded tooth contact analysis for the prediction of tooth contact
pressure distribution and transmission errors, and on the mixed elastohydrodynamic analysis
of lubrication to determine temperature and efficiency. A fast elitist nondominated sorting ge-
netic algorithm (NSGA-II) is applied to solve the model.

Achieved improvements

The effectiveness of the method is demonstrated by using hypoid gear examples. The fol-
lowing improvements in the operating characteristics are achieved: the maximum tooth con-
tact pressure is reduced for 68%, the transmission error for 77%, the average temperature for
11%, and the efficiency of the gear pair is increased from 0.9442 to 0.9663.
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