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DMS Dehnmessstreifen

EHPS Electric hydraulic power steering

EPSapa Electric power steering on a paraxial recirculating ball nut
gear

EPSc Electric power steering on the steering column
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Abstract

Today’s gear teeth design in passenger car steering systems is characterized by the continuing
reduction of development times, the increasing demands on the running quality, more efficient
use of existing material constraints and the implementation of new lightweight construction
strategies. A good understanding of the acting stresses and load capacities form the basis of
a save component design. As the first step in the product lifecycle process, the normative
calculation procedure plays an important part. Computed downstream calculations using Multi-
Body Simulation (MBS) and the Finite Element Method (FEM) are based on the load
assumptions of the analytical program giving a review of the performance quality of the running
gear teeth. The standardized calculations mostly refer to a pair of spur gears, whereas the
geometric, kinematic and specific bearing characteristics of a steering gear (rack, pinion) are
continuously disregarded. With regard to the variety of customer enquiries, a quick, analytical
assessment is a suitable tool to be used before the preferred final solution of the toothing

variation is selected.

Due to the differences between the spur/spur and rack/pinion gears, necessary adjustments
have to be made to the original load capacity calculation. With the help of the deflection
influence coefficients methods, the load distribution along the line of contact (LVR) and stress
distribution along the tooth root (SVR) are detected whereby the geometric features of the rack
profile are taken into account. The contact forces and tooth root bending stresses of a single
meshed gear pair are compared to a Finite Element Analysis (FEA). A FEA contact simulation

verifies the resulting loads and main stresses at the tooth root of the gear.

The task is aimed at improving stress analysis for rack and pinion gears. Characteristic effects
on the tooth meshing of variable, local tooth stiffness and the tooth environment are analyzed
both theoretically and experimentally explaining the effect on the load bearing capacity. The
importance of the load capacity as a component of the LVR and SVR are shown for steering
gear teeth increasing the possibilities of analytical calculation. The modified method of
identification for the stress and the provision of the component Woehler (SN-) curves form a

prospective and a more accurate lifetime prediction for rack and pinion gears.
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