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On-Machine Measurement Error Compensation Using Ball-bar System
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r Abstract J

data more reliable.

The objective of this research is to develop a measurement error compensation method for On-Machine Measurement
(OMM) process based on a closed-loop configuration. Geometric emrors of vertical machining center are measured using
ball-bar system, and probing errors are measured using master ball. The errors are represented using homogeneous trans-
formation matrices and the closed-loop configuration method is applied to calculate 3-dimensional errors. To verify the
effectiveness of the method proposed in this research, compensated results are compared to the data using CMM process,
and the results are analyzed. The results show the proposed method can be applied in OMM process to make the measured
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Fig. 1 Schematic diagram of Ball-bar system
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Fig. 2 Plots of geometric error for machine tool
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VOLUMETRIC ERROR ASSESSMENT (verl.l)
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Rank Error Component ]m-iepend.em value
Circuarity

| | Y-Reversal Spike Error 1.3m (28.1%) | 113

2| X-Reversal Spike Error 1Ll (214%) | 1Ll

3 | X-Positional Emor -1 (14.0%) | -1.31amim
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22 | Z-Sraghtness Error Along Y Axis 0.0pm (0.0%) 0.0pm
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25 | YZ-Servo (rain Missmatch Ermor 0.0zm {0.0%) 0.0pm
26 | Z-Positional Error 0.0¢m {0.0%) 00pm

27 | Z-Backlash Error 0.0p2m (0.0%) (.0gm

(b) Error components

Fig. 3 Measured error components
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(b) Average probe errors

Fig. 4 Measured probe errors using master ring
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Fig. 5 Measuring process on the CNC M/C
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Table 1 X-directional error compensation
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X = OMM CMM | B3R | 23393
35mm | 35.032mm | 35.029mm | -2.7um -0.15um
65mm | 65.028mm | 65.025mm | -3.5m 1.25m
98mm | 95.027mm | 95.021mm | -5.6m 1.34im
Table Il Y-directional error compensation
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Y OMM CMM BAAei | ¥AEo3
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98mm | 95.029mm|95.021mm| -7.6m -4 35um
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(b) Y-direction

Fig. 6 Results of error compensation
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