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An Effect on the Running Accuracy of the Perpendicularity
Error in the Spindle System Supported with
Externally-Pressurized Air Bearing

Jeong-Seok Koh and Kyung-Woong Kim

Department of Mechamical Enginerring, KAIST

Abstract — Recently as electronics and semi-conductor industry develop, ultra-precision machine tools that
use air-spindle with externally pressurized air bearing appear in need of ultra-precision products which
demand high precision property. Effects of air compressibility absorbs the vibration of shaft, this is called
averaging effect, however, the higher running accuracy is demanded by degrees, the more important factor is
machining errors that affect running accuracy of shaft. Actually, it would be very important in the view
points of running accuracy to understand effects of machining errors on the running accuracy of the spindle
system quantitatively to design and manufacture precision spindle system in the aspect that efficiency in
manufacturing spindle system and performance in operation. So far, there are some researches on the effects
that machining error affect running accuracy. However, because these researches deal with one bearing of
spindle system, these results aren't enough to explain how much machining errors affect running accuracy in
the typical spindle system overall. In this study, we investigate the effects of the perpendicularity error of
bearing and shaft on running accuracy of spindle system that consists of journal and thrust bearing theoreti-
cally, and suggest design guideline about shape tolerances.

Key words — Externally-pressurized air bearing, perpendicularity error, running amplitude, shape tolerance.
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Fig. 1. Schematic diagram of bearing system.
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Fig. 3. Perpendicularity error of thrust bearing.
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:radial clearance

: diameter of feeding hole

:journal bearing diameter

:outer diameter of thrust bearing

: nondimensional polar moment of inertia, i,P.c’/

TUPLR’

:nondimensional transverse moment of inertia,

PR

: nondimensional force, f / pLD, f IT p.r?
:axial clearance

: nondimensional journal film thickness, Aj/c

: nondimensional thrust film thickness, h/h,
:journal bearing length

: distance between two journal bearing centers

: nondimensional mass, mp,c’ /72U LR’

: nondimensional moment, #/2p,L’

: pondimensional mass,d/m)((L/D,//L/D)YMA; /6)
: nondimensional pressure, p/p.

: nondimensional supply pressure, p./p.

:radial coordinate

: Tunning accuracy

:radius of journal

: nondimensional running amplitude, »./c, 7./ h,
: nondimensional radial coordinate, r/7,

:ratio of inner and outer radius of thrust

bearing, /v,

: surface velocity of journal,

- weight of journal

: nondimensional weight, w/p.LD

: nondimensional weight, w./ T p.

: feeding parameter of journal bearing,24uC,nd

(JRIVp.

: feeding parameter of thrust bearing,24uCynd

(JR,T)/p.k,

: nondimensional axial coordinate, z/R
:angular coordinate, starts from top of bearing
: clearance ratio, ¢/h, = (L/D,)/(L/D,)NA/A,

: bearing number of journal bearing, (6p@/p,)

(R/c)
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Ar:

bearing number of thrust bearing, (6p6/p.)

(r/h)’

: nondimensional time, w?

rat

=
i
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