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This paper presents a linear air bearing stage with compensated motion errors by active control
of preloads generated by magnetic actuators with combination of permanent and electro-
magnets. A 1-axis linear stage motorized with a linear motor with 240 mm of travel range is built
for verifying this design concept and tested its performances. The three motions of the table are
controlled with four magnetic actuators driven by current amplifiers and a DSP based digital
controller. Three motion errors were measured combined method with laser interferometer and
two-probe method with 0.085 um of repeatability for straightness error. The measured motion
errors were modeled as functions of the stage position, and compensation were carried out with
feedforward control because the characteristics of the motion control with magnetic actuators are
linear and independent for each degree-of-freedoms. As the results, the errors were reduced from
1.09 um to 0.11 um for the vertical motion, from 9.42 sec to 0.18 sec for the pitch motion and
from 2.42 sec to 0.18 sec for roll motion.

Key Words: Air Bearing Stage (& 78018 AH[ O] A]), Active Compensation of Motion Errors (R ERA 58
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Fig. 1 active compensation of motion error for straight
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Fig. 2 Schematic diagram of an air-bearing table with
magnetic preloads
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Fig. 3(a) Single-axis stage with magnetically preload air
bearing for 3-DOF motion control®®

Fig. 3(b) Picture of manufactured 1-axis stage
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Table 1 Designed air bearing stage with magnetic
preload"®

Item Specifications

Air bearing pad size (W xL x t) 50 x 20 x 5 mm®

Air bearing clearance (vertical) 13.5 pm
Vertical air bearing stiffness 38.5 N/um
Required preload (vertical) 250 N
Permanent magnet size 25 x 8 x 4 mm’
Table weight 10.0 kg
Magnetic preload 358 x4N
Current gain of an actuator 155 N/A
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Fig. 4 Procedure of feedforward compensation of motion
errors with active control of magnetic preloads
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Fig. 5 Block diagram of the control system for the single-
axis air bearing stage with active compensation of
the motion errors.
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