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Design Methodology of Automotive Wheel Bearing Unit
with Discrete Design Variables

&7 F, 5 F
Kichan Yoon, Donghoon Choi

ABSTRACT

In order to improve the efficiency of the design process and the quality of the resulting
design, this study proposes a design method for determining design variables of an automotive
wheel-bearing unit of double-row angular-contact ball bearing type by using a genetic algorithm.
The desired performance of the wheel-bearing unit is to maximize system life while satisfying
geometrical and operational constraints without enlarging mounting space. The use of gradient-
based optimization methods for the design of the unit is restricted because this design problem
is characterized by the presence of discrete design variables such as the number of balls and
standard ball diameter. Therefore, the design problem of rolling element bearings is a
constrained discrete optimization problem. A genetic algorithm using real coding and dynamic
mutation rate is used to efficiently find the optimum discrete design values. To effectively deal
with the design constraints, a ranking method is suggested for constructing a fitness function in
the genetic algorithm. A computer program is developed and applied to the design of a real
wheel-bearing unit model to evaluate the proposed design method. Optimum design resuits
demonstrate the effectiveness of the design method suggested in this study by showing that the
system life of an optimally designed wheel-bearing unit is enhanced in comparison with that of
the current design without any constraint violations.

F87|%80 : Wheel bearing unit (¥ ®|ojg #4), Optimum design (Z % A)), Discrete
variable (©]2F¥ ), Genetic algorithm (A < 12]%F), Ranking penalty
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Fig. 2 Geometry of wheel bearing unit
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- max. number of generation { maxgen )
- crossover probability
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Generation an iniial population

Calculation Objective and Constraints
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Generate a new population by using genetic
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Fig. 3 Flow chart for the optimum design of
wheel bearing unit
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Table 2 Design set of discrete design variables
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Table 3 Optimization results

Number of Balls [ea] 15
Initial Contact Angle [deg.] 40
Ball Diameter (nm] 11.112
Pitch Circle Diameter [mm] 57
Preload [mm] -0.018
Dist. between Ball Centers [mm] 20.8
Wheel Offset [mm] -2.7
System Life [km] 542,302
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Fig. 10 Distributions of contact stress under
lateral acceleration of 0.8g
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