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Identification and Compensation of Geometric Errors in Five-axis Machine Tools with a Tilting Rotary Table
Using Conic Trajectories Measured by Double Ball Bar

Tetsuya MATSUSHITA and Atsushi MATSUBARA

Geometric error, such as a pivot offset of the rotational axis, squareness between axes and so forth, is one of
fundamental factors that decrease the machining accuracy for five-axis controlled machine tools. And it is important to

identify the geometric errors in order to improve the machining accuracy, so that many methods to identify or diagnose
the geometric errors of the rotational axes have been suggested. Meanwhile, the most general method for the accuracy

test of five-axis controlled machine tool is the cone frustum machining test, which is prescribed in NAS979. In our

previous work, we showed that the geometric errors in five-axis controlled machine tools with a tilting rotary table

influence the accuracy of machined cone frustum, and it depends on the location, apex angle, tilt angle or diameter of the

cone frustum. It indicates that the geometric errors might be identified with the profiles of cone frustum. In this paper, we

suggest a method to identify the geometric errors of linear and rotational axes in five-axis controlled machine tools with a

tilting rotary table, which uses the multiple trajectories of the conic motion measured by double ball bar device.

Moreover we develop the compensation system of the geometric errors. We also show the result of the compensation of

the identified geometric errors by the suggested method.
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Fig. 1 Five-axis controlled machining center with tilting rotary table

Table 1 Geometric errors in CAYXZ-type machine

Symbol Geometric Error Type

ey C-axis pivot offset in X direction

Sea Offset between C-axis and A-axis pivots

acy A-axis angle offset

LPea Perpendicularity between C-A axes Rotational
Vay A-axis pivot offset in Y direction axis
gy A-axis pivot offset in Z direction

Ying Perpendicularity between A-Z axes

Yay Perpendicularity between A-Y axes

Yrx Perpendicularity between X-Y axes

axz Perpendicularity between Y-Z axes Linear axis
Pz Perpendicularity between Z-X axes

71 Tool length error

ar Perpendicularity between spindle-Y axes Tool
Por Perpendicularity between spindle-Y axes
Nye Workpiece location error in X direction Workpicce
Swe Workpiece location error in Y direction setting
e Workpiece location error in Z direction error
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Fig.5 Control flow of geometric error compensation system

Table 2 Taper cone parameters

Parameter Start End Pitch
D mm 50 200 25
0 deg. 0 90 15
¢ deg. -90 90 15

Table 3 Constraint parameters

Parameter Threshold value
A4 deg. 75
Ap  deg. 75
y  deg. 10
op  deg. 105

Table 4 Selected optimum condition set

Condition set 02 03 04
Number of conditions 2 3 4
Condition number 3350403 63.5 22.7
Dy mm 125 50 75
Condition 1 0, deg. 45 15 30
¢ deg. 60 45 60
D, mm 125 150 50
Condition 2 6, deg. 60 30 60
¢, deg. -30 —45 -30
D; mm - 50 125
Condition 3 63 deg. - 60 60
¢3  deg. - -30 45
Dy mm - - 175
Condition 4 04 deg. - - 0
¢4 deg. - - =30
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Table 5 Results of identification simulation

Geometric Given Identification error”

error vale" | Cger04 | Cset03 | CosetS3®
Scca 10.0 0.9 -25 11.0
s 30.0 0.7 02 0.8
Vay -20.0 -0.8 -1.6 -0.8
Eay -15.0 -0.3 1.1 —4.1
aca 5.2 0.1 0.9 -3.3
P 35 -0.7 3.7 6.4
Bir -1.7 0.2 -038 74
Ty 7.0 03 -2.6 -8.6
Y -52 0.6 -0.5 02
oy 52 -0.1 ~1.1 25
Pz 1.7 -0.5 0.7 -1.8
Sy -30.0 0.1 1.2 1.7
Swe 20.0 0.0 0.2 0.3
Ewe 50.0 -04 -1.3 0.4

Condition Number 22.7 63.5 203.5

*1 pmor 10 rad

*2  Identification error = Identified value — Given value
*3 Dy=160, 6,=0, $,=0,D,=173, 6,=30, $,=75,D3=173, 6;=30, 3 =-15
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Fig.6 Circularity of conic trajectory with/without compensation
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