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Measurement and compensation of motion errors on 5-axis machine tool by R-test (First report)
-Procedure of R-test measurement and identification of geometric errors on 5-axis machine tool-

Kyoto University Soichi IBARAKI, Kyoto University Chiaki OYAMA, Otsubo Engineering Research Center Hisashi OTSUBO

The inclusion of the application of the ball bar measurement to the accuracy calibration of five-axis machine
tools into the revision of ISO standards is currently under the discussion. This paper presents more efficient
methodology to calibrate motion error sources on 5-axis machine tool by using the R-test. In the first report,
we show the measurement principle of R-test and a method for evaluating geometric errors of 5-axis machine
tools. An experimental application of R-test measurement is demonstrated on a commercial trunnion-type
vertical 5-axis machining center. The identification of its kinematic errors is presented.
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Fig.1: Configuration of
5-axis machine tool

Fig.2: Overview of
R-test device

Table 1: Definition of error parameters of rotary tables

Sdxpy | Linear shift of B-axis from Y-axis in x direction
Sysy | Linear shift of B-axis from Y-axis in y direction
S8zpy | Linear shift of B-axis from Y-axis in z direction
oBY Squareness error of B-axis to Z-axis

Bey Orientation error of B-axis around Y-axis

YBY Squareness error of B-axis to X-axis

dxcB | Linear shift of C-axis from B-axis in x direction
dyce | Linear shift of C-axis from B-axis in y direction
dzce | Linear shift of C-axis from B-axis in z direction
o.CB Squareness error of C-axis to B-axis

Bcs Orientation error of C-axis around B-axis

YCB Angular error of C-axis
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Fig.3: Ball position measured by R-test after removing the
effect of the ball deviation
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Table 4: Identified geometric errors
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Translational errors Rotational errors
[um] [mdeg]
OXBY 1.5 OBY 0.5
SyBY -0.1 BeY 0.4
dzBY -19.6 YBY 0.0
OXCB -4.9 aCB -0.4
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Fig.4: Ball position in the global coordinate system
(Errors are magnified by a factor of 10,000)
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