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Error Analysis and Compensation for the Volumetric Errors of a
Vertical Machining Center Using Hemispherical Helix Ball Bar Test

Seung-Han Yang', Ki-Hoon Kim™, YongKuk Park

ABSTRACT

Machining accuracy is affected by quasi-static errors of machining center. Since machine errors have a direct
influence upon both the surface finish and geometric shape of the finished workpiece, it is very important to
measure the machine errors and to compensate these errors. The laser measurement method for identifying
geometric errors of machine tool has the disadvantages such as high cost, long calibration time and usage of
volumetric error synthesis model. Accordingly, this paper deals with analysis of the geometric errors of a
machine tool using ball bar test without using complicated error synthesis model. Statistical analysis method was
adopted in this paper for deriving geometric errors using hemispherical helix ball bar test. As a result of
experiment, geometric errors of the vertical machining center are compensated by 88%.
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Fig. 1 Machine coordinate system
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Fig. 2 A schematic diagram for ball bar test
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Fig. 4 Measurement point along the hemispherical
helix
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Table 1 Results of geometric errors analysis

The value of model parameter
a, -1.3844E-05
aq -3.98543E-04
b, -2.17282E-05
b, 1.81592E-04
by 2.73096E-04
c, -7.60534E-05
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Fig. 5 Prediction through the regression model
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Table 2 Summary about the prediction results

Absolute residual
of two values

Maximum error(mm) 0.0187

Mean error(mm) 0.0085
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Table 3 New origin point after compensation

Origin point before | New origin point after
compensation compensation
X position
850.000 849.983
(mm)
Y position
300.000 300.039
(mm)
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Fig. 6 Compensation values of each axes
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Fig.7 Result using position compensation method

Table 4 Summary about compensation result

Without

. With compensation
compensation

Maximum error
(mm) 0.0785

-absolute values

0.0084 (89.3%)

Mean error(mm)
0.0322 0.0039 (87.9%)

-absolute values
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