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B. Kinne / G. Rudolph / T. Richard / B. Naujoks / B. Schultebraucks

A multiobjective evolutionary algorithm for designing and
optimizing gearshafts

Abstract

The automated design of mechanical components has been an interesting research
area during the last years. By this the chair of Machine Elements and the chair of
Algorithm Engineering of the Dortmund University of Technology have developed a
multiobjective evolutionary algorithm for the design and the computer-aided

optimization of a gearshaft.

The design of a gearshaft is based on design principles, the consideration of DIN-
standards and the designer's personal experiences in order to meet the
requirements and the requested safety. The translation of the experiences into a
computer-readable model is quite a significant problem. In addition, a set of
conflicting objectives have to be optimized simultaneously, which leads to several
solutions for a multiobjective problem. One way to solve this problems is the
application of multiobjective evolutionary algorithms which are based on the

principles of the natural evolution [1, 2].

The multiobjective optimization problem differs from a singleobjective optimization
problem since it contains more than one objective that has to be optimized. The
presented algorithm is a version of the SMS-EMOA [3] which is a multiobjective
evolutionary algorithm using indicator-based selection, e.g. a solution’s dominated
Hypervolume in objective space. It has been tested on many real world problems (e.

g. optimization of an airfoil [4]) and benchmark problems.

The hypervolume or S-metric [5] is a distinguished quality measurement for solution
sets in multiobjective optimization and provides a ranking for solutions, which would
be called incomparable according to the principles of Pareto dominance [6]. The

used algorithm has various advantages. Using the algorithm to optimize the



gearshaft pursues the mechanical strength and the assembly compatible
manufacture. The algorithm incorporates three objectives, the mass and the inertia
moment, which have to be minimized, and the factor of safety, which has to be
maximized. These objectives are competitive. The algorithm finds different solutions
for the gearshaft, which vary in dimensions of the shaft cranks and the bearings.
Moreover, none of the found design solutions can be an absolute optimum. From this
set of solutions, the design engineer has to choose one gearshaft according to his

personal experiences.

With the presented algorithm the design of a gearshaft can be computed, in the

future the design engineer will be enabled to find optimized solutions.
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