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Servo mismatch, which affects positioning accuracy of multi-axis machine tools, is usually
estimated via the circular test. However, due to mechanical restrictions in measuring instruments,
the circular test using a double ball-bar is difficult to apply in miniaturized or super-large sized
machine tools. Laser trackers are widely used to measure the form accuracy of parts and the
positioning accuracy of driving systems. In this paper, a technique for the servo mismatch
estimation of multi-axis machine tools is proposed via the circular test using a laser tracker. To
verify the proposed technique, experiments using a double ball-bar and laser tracker are
conducted in a 3-axis machine tool. The difference in the evaluation results is 0.05 msec. The
servo mismatch for the miniaturized machine tool is also evaluated using the proposed technique.

KEYWORDS: Laser tracker (2] 0[X] EEH%) Miniaturized machine tool (2& &% 7|7), Circular test (FE EHAE),
Servo mismatch (M2 =Y X)

7|49y 1. ME

SMR = Spherically mounted retro-reflector 2% 7 BE 337 B M 5 A
LCS = Laser tracker coordinate system Aol AHg W7 tga] AWA, 2% 3T
MCS = Machine coordinate system (Miniaturized Machine Tool), Zt&d FZ7]7
R = Radius of the circular path (Super-Large Size Machine Tool)9} Zo] thFst 7h
= Angular velocity of the circular path ds T FRTIAL] ARgol FUbskAL Qv o]
@, = Phase delay of circular path driving of i-axis g3 FA7AY Fo% A ARTt He 94 A
A= Difference of phase delays between two axes S} (Positioning Accuracy)™ TFFSH @2} 2le] <
r= Difference of time delay between two axes 3 AstEH, 9 23 dJozE Vs 24}
X4, ya= Design path for the circular test g W et g2 =44 eabet W4, AR
Xa» Vo = Actual path during the circular test 29, 74 AE gL F ox gk A
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Fig. 1 Measurement of SMR position using laser tracker
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Fig. 3 Radial error due to servo mismatch between two
linear axes (R = 100 mm, @ = 0.21/s, Ap = 0.001
rad)
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Fig. 5 Experimental setup for the circular test

Table 1 Specification of the 3-axis machine tool

Model: STP-T30 (KOMATEC)
X 500 mm
Travel range Y 300 mm
Z 300 mm
Resolution 1.0 um
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Table 2 Specification of the DBB and the laser tracker
Model: QC-20W (Renishaw Plc)

Resolution 0.1 pm
Accuracy (0.7 +0.3%L) um
Minimum measuring radius 50 mm

Model: Vantage (FARO)

Resolution (Distance) 0.5 pm
Accuracy (MPE) 16 um + 0.8 um/m
Minimum working range 0 mm

60 m with 1.5” SMR
L = Measuring length

Maximum working range

Table 3 Specification of the miniaturized machine tool

X 70 mm
Working range Y 70 mm
Z 100 mm
Resolution 0.1 pm
Repeated positioning accuracy
(Single Axis) £0.3 pm
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Fig. 6 Radial error measurement in the circular test
using the DBB
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Fig. 8 Experimental setup for the circular test using

laser tracker in the miniaturized machine tool
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Fig. 9 Radial error measurement for the miniaturized
machine tool using the laser tracker
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