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A Reverse Kinematic Approach for Error Analysis of a Machine Tool
Using Helical Ball Bar Test
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ABSTRACT

Machine tool errors have to be characterized and predicted to improve machine tool accuracy. A real-time error
compensation system has been developed based on volumetric error synthesis model which is composed of machine
tool errors. This paper deals with new algorithm about verification of machine tool errors. This new algorithm uses
a simplified volumetric error synthesis model. This simplified model is constructed with only main components
among the error components of the machines. This main error components are analyzed by three-dimensional helical
ball bar-test. By substituting result of helical ball bar test for simplified model, we could find that obtained error
components are closed to real error components.
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Table 1. Statistic Test for the Difference between
Complete Model and Simplified Model

Mean | Standard Confidence
(u): | Deviation | u+2¢ | u-20 | Interval
tm | (0) gm (95%)
D,| 17 1.8 53 | -19 72
Dy 5.3 2.5 10.3 0.3 10.0
Dz 54 1.9 -1.6 -9.2 7.4
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Fig. 2 Helical Ball Bar Test of Three dimensions
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Table 3. Error of §,, Element

Table 2. Result of Error Elements

Real—Mean
Real value | Mean value
value

O gy (mm) ] -8.56185E-05% | -8.71756E-05*x | 1.55705E-06*x
8y (mmj ||-1.22286E-04% | -1.14824E-04%y | -7.4623E-06%y
8, (mm)[{-8.92209E-05%z | -8.20131E-05% | -7.20782E-06*z
Sxy (rad)|| -2.65746E-05 | -1.94474E-05 -7.12719E-06
S,z (rad)]| 385878E-05 | 4.57721E-05 -7.18434E-06
S,z (rad)| -1.1094E-04 -1.19116E04 *-8.1715E-06
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Fig. 10 Variation of S,, along the Y axis
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Table 6. Comparison of the Value, S,, S,,
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