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Analysis of 3D Volumetric Error for Machine Tool using Ball Bar
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ABSTRACT

Machine tool errors have to be characterized and predicted to improve machine tool accuracy. Therefore, it is

very important to assess errors in machine tools. Volumetric error analysis has been developed by many researchers.

This paper presents a useful technique for analyzing the volumetric errors in machine tools using the ball bar. The

volumetric error model is proposed in specific vertical machining center and the program is developed for generating

NC code, acquiring the ball bar data, and analyzing the volumetric errors. The developed system assesses the

volumetric errors such as positional, straightness, squareness, and back lash. Also this system analyzes the dynamic

performance such as servo gain mismatch. The radial data acquired by ball bar on 3D space is used for analyzing

these errors. It is convenient to test the volumetric errors on 3D space because all errors are calculated at once.

The developed system has been tested using an actual vertical machining center.
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Fig. 1 Schematic of machine tool
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Fig. 2 Six DOF errors along an axis
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Fig. 4 Main window of the program
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Fig. 5 NC code generation for ball bar test
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<<File Reading>>
-Calibration data

-Measurement data

<<Calculation>>

-command position

-measurement data number
: feed rate & sampling rate

<<Data extraction>>
—| -forward rotation data
-backward rotation data

A 7

<<Data matching>>
-measurement data
at command position

<<Error analysis>>
-Least Mean Square method

<<Result display>> End

Fig. 6 Algorithm for volumetric error analysis
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Fig. 8 Graph of command and measurement
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Table 1 Analysis results of volumetric error

Error Type Value
X 24.5/m
Position Y 20.2/m
4 1.8m
Y along X -2.61m
Z along X 26.3um
Straightness X along Y 5.1im
Z along Y -18.7m
X along Z -56.3um
Y along Z 17.8m
XY 8.6/m
Squareness YZ 877m
ZX 142.9¢m
X -2.7/m
Backlash Y -1.8um
4 -2.04m
Servo Gain XY 0.11ms
Mismatch YZ 0.01ms
X 0.02ms
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Table 2 Comparison with commercial ball bar test

Error Type Commercial Developed
Y along X -1.1m -2.6/m
Straightness g “ A
X along Y 2.3m 5.1um
Squareness XY 7.04m 8.64m
X -2.0, -2.7
Backlash A A
Y -0.5/m -1.8um
Servo Gain XY 0.00ms 0.11ms
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