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A Useful Technique for Measuring the 3-dimensional
Positioning of a Rotating Object
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Abstract

A method for measuring the accuracy of rotating objects was studied. Rotating axis errors are
significant; such as the spindle error of a manufacturing machine which results in the surface
roughness of machined work pieces. Three capacitance type displacement sensors were used to
measure the rotating master ball position. The sensors were mounted to the three orthogonal
points on the spindle axis. The measurement data were analyzed and shown for rotating spindle
accuracy, not only for average roundness error but also for spindle volumetric positional error
during the revolutions. This method is simple and economical for industrial field use with regular
inspection of rotating machines using portable equipment. Measuring and analyzing time using
this method takes only a couple of hours. This method can also measure microscopic amplitude

and 3-dmentional direction of vibrating objects.
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Fig. 2 Overview of the experimental set-up installed
in a manufacturing machine
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Installation of a master ball with a wabble
plate to the spindle and three sensor mount-
ings with a RPM counter
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Fig. 4 Sensor calibration with master ball in two
directions using a laser interferometer and x,
y table
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Fig. 5 Three sensor mountings with a master ball set
up for calibration
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Fig. 6 Sensor calibration data measured in tan-
gential and normal direction from the top of
the master ball




CRE DL

Asbde ohg Aolla A4ld A ghe}, Fig. 5
= Aol A4 g s dFulFoE A
zly] A jeh-$-g 3} master ball-g HojFwl, Al4
A 9 ball 2ugtio] 25 o] o] %]
Qth, Fig 6 "x8e A4l 24dt3} balle]
ool 3t calibration datae] oojt}, B ol A
L balle AAueko g dAF 1AL o] FA 7Y
A AlMel 93 balle] FAuel A laser
interferometer2] #&|3t-g éﬂ,jfs,} RAoloy, A A4

so) Apolghe wrYoE A

3.0 2Xt¥ Master Ball SAI= 7

Fig. 7¢ 234 33w3 Aol 4] 9] master ball £4 3}
25 AMdely 17 25 AFE3ted Ad A vy
o2 AAE Byg& HoiEch Fig 7(a)sk 3ol
Aol 2z A=z P,QE 43 F master
balle] AlA 2zk8] o572 p, qF 3o ball
AlzE xc, yoi Al4bgch AlA2 A ws AR
slod Fig. 8041 7Fo] balle] Alzi7l2] p, q& +3
= e o 3ok

(1) 7% 44 19 "R
calibration ojo]elell 4| o]z

Vx &z ¢
tangential w}skgk

=
-ulst

%‘5?‘“\ 3 "r T
L
r

Sensor 1

Sensor 2
Sensor mounting ]

Ll
(a) Determination of senser set-up positions,
Pand Q

Ball center :
xc=¢/2+p

ye=¢/2+q
¢ : Ball diameter

Sensor | (Reference)

Vy

Sensor 2

(b} Measurement ball positions (p and q) in
real rotating condition
Fig. 7 2-dimensional master ball position for the

voltage outputs of sensors 1 and 2 (Vx, Vy)
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Fig. 8 The first iteration procedure for determining
the 2-D coordinates of a master ball using the
calibration data of sensors 1 and 2
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(b) Eccentricity(TR) on XY plane due to the
manufacturing error

Fig. 9 Sensor mounting position, P, Q and R with the
error on the X,Y plane, TR
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polar plot of measured spindle position for
various RPM
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