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A Study on the Ball-Bar Artifact for the Volumetric Error
Calibration of Machine Tools
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Abstract

For volumetric error measurement and calibration for machine tools, manufacturing machine or
coordinate measuring machine (CMM), are studied using a Ball-bar artifact. A design of the Ball-bar
is suggested manufactured by Invar, which is a low thermal expansion material, and precision steel
balls. The uncertainty for the artifact method is discussed. A method of the Ball-bar artifact for
obtaining 3-D position errors in CMM is proposed. The method of error vector measurement is shown
using the Ball-bar artifact. Finally, the volumetric error is calculated from the error vectors and it can
be used for Pitch error compensation in conventional NC machine and 3-D position Error map for
calibration of NC machine tools.
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Fig. 1 Example designs of balls artifact"”’

(a) Eight balls space frame (b) Four balls space frame
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2. Ball-bar Artifact A A % Calibration
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(a) Horizontal set-up

(b) Inclined position set-up for CMM
Fig. 3 Manufactured Ball-bar artifact (17 bearing balls,
$19mm, Invar base) set-up in CMM table

(a) $19mm Bar (Max deflection 7um)

(b) ¢38mm Bar (Max deflection 2um)
Fig. 4 Deflection calculation for inclined Ball-bar
artifact using FEM
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Fig. 5 Ball-bar calibration coordinate for n(17) balls

Table 1 Ball-bar calibration table (unit : mm)

Ball No. P(x) Qy) R(z)
1 0 0 0
2 33.06293 -0.08918 -0.01617
3 66.0843 -0.24208 0.13162
4 99.08047 0.03748 0.1204
5 132.27022 0.1092 0.20215
6 165.38897 0.05373 021917
7 198.12677 -0.17068 0.1953
8 230.84455 .231685 0.40368
9 263.74422 -0.30085 0.25192
10 296.89133 -0.13162 0.23563
1 329.8017 -0.16362 0.21105
12 363.16117 0.2 0.17143
13 395.9437 -0.19065 021105
14 42048497 -0.20325 0.07625
15 461 95275 -0.02878 0.10542
16 49548877 0.01648 0.06355
17 528.46643 0 0
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Fig. 7 1-D Ball-bar measuring procedure in XY
plane, Case (a) —> (d)
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inclined measurement of 1-D Ball-bar
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measurement (250x200, $20 hall dia.)
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Fig. 15 Position error calculation in the X-axis
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