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The parallel kinematic machine (PKM), which is applied Exechon mechanism, is efficiently used for manufacturing industry
due to its agile movement, flexibility and high rigidity. On-Machine measurement (OMM) in high-dof manufacturing machines
such as the PKM and five-axis machine tools has importantly used for processed part measurement, coordinate system set
and machine performance evaluation. In this study, measurement and compensation of touch probe offset, which occurs
measurement error of the OMM, are carried out for the PKM. A dependent rotational motion is occurred due to kinematic
constraint, and causes non-constant offset of a touch probe. The dependent rotational motion is calculated via inverse
kinematics analysis. The probe offset is accurately measured using a master ring with considering the analyzed dependent
rotational motion angle. In addition, measurement procedure to eliminate the offset induced measurement error is
presented. To verify the proposed technique, circular tests using a master ring and commercial touch probe on the PKM
were performed. Circularity measurement deviation of a master was reduced 65% without the PKM’s kinematic error

calibration.
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with the dependent motion
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Fig. 3 Contact point of stylus tip (ball) w/wo the dependent
rotational motion

Master ring measurement with
X- and Y-direction movement

l DRM angle compensation module
OMM movement on Position data of first
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1 L ]

Calculation of
the DRM angle

i

Spindle rotation
with 180 degrees

¥ Re-measurement by com-
Master ring measurement with pensating the DRM angle
X- and Y-direction movement ¥

v Compensated
position data

Offset calculation

Fig. 4 Measurement procedure for the touch probe offset
considering the dependent rotational motion
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Fig. 5 Measurement points for finding the touch probe offset
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Fig. 6 Measurement procedure for improving measurement
accuracy of the OMM of the PKM
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Fig. 7 Experimental setup for measuring the touch probe offset
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Table 1 Specification of the PKM

Model XT700

AX1 700 mm

AX2 700 mm

Single axis stroke AX3 700 mm

AX4 540 deg

AXS 180 deg

Resolution 1.0 pm
Controller Siemens 840D sl

Table 2 Specification of the touch probe and the circular master

1) Touch probe
Model

Sense directions

RMP600(Renishaw plc)
Omni-directional X, Y, +Z

0.25 pum (two sigma) — 50 mm stylus
length

0.25 um — 50 mm stylus length
+1.00 um — 50 mm stylus length

Uni-directional
repeatability

2D lobing in X, Y
3D lobingin X, Y, Z

2) Circular master

40.001 mm
+1 um

Nominal size

Accuracy

O~ DRM angle via Inverse kinematics analysis
=== 5th polynomial model of the DRM angle
| = = Discrepancy

).0

DRM angle (degree)
Discrepancy (degree)

0.1

Fig. 8 Discrepancy between inverse kinematics result and 5th
polynomial model of the DRM angle
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Fig. 9 Circular deviation measurement considering the touch probe

—

offset w/wo compensating the DRM angle

Table 3 Offset measurement w/wo compensating the DRM angle

Setting ring
center position DRM Oxprobe Oyprobe
comp. (mm) (mm)
x (mm) y (mm)
-0.625 200.914 (¢} 0.210 0.160
-319.135 198.236 (0] 0.212 0.163
-319.135 198.236 X 0.253 0.097

Table 4 Circular deviation measurement w/wo compensating the

DRM angle
Radius of Roundness Maximum
best fit circle (mm) standard
(mm) deviation (mm)
Setting ring 40.001 0.002 -
OMM without tl.1e DRM 40,038 0419
compensation (37 um) (417 um) 0.007
(discrepancy) a K
OMM with the DRM 3 0.145
compensation (38 um) (143 um) 0.007
(discrepancy) a K

7
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