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Relationship between Friction Behavior and Quadrant Glitch in Microscopic Circular Motions
of a Feed Drive System with Eight Grooved Linear Ball Bearing System

Tomofumi OHASHI, Hitoshi SHIBATA, Hiroyuki KISHI, Shigeru FUTAMI and Ryuta SATO

This paper experimentally and theoretically investigates the relationship between the nonlinear spring behavior (NSB) of
linear ball guide and the quadrant glitch in microscopic circular motions. A high precision stage which has nanometer
resolution consists of eight grooved linear ball guides and a linear motor is developed for the experiments. Microscopic circular
motion tests are carried out to investigate the quadrant glitches in the region. The experimental results suggest that the shape
of the quadrant glitches depend on the radius of the circle. It is also suggested that the height of quadrant glitches depend on
the frequency of the motion. Relationship between the shape and height of quadrant glitches and NSB of the linear ball guides
has theoretically analyzed based on the simplified NSB model. The theoretical model can adequately explain the actual
behaviors. Influence of the ball retainer and preload conditions on the NSB are also investigated. It is confirmed that the ball

retainers significantly influences the NSB.
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