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Fig.1 Schematic of the serial-parallel machine tool and measurement system kinematic chain
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Table 1 Position accuracy and repeatability test results of parallel support mechanism
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2%/ mm SEE (Max ) /mm
0.05 0.018
0.02 0.008

K2 ABRITEVNMESEREMESHRBER

Table 2 Pose accuracy and repeatability test results of parallel support mechanism
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Table 3 Rotation matrix calibration experimental data

iVl X, r, Z,
1 —0.0003 1584.9940 | 1631.5457
2 0 1580.7240 | 1631.5457
3 0.0006 1577.1240 | 1631.5457
4 —0.0003 1569.3940 | 1631.5457
5 1.9094 1580.4940 | 1630.1857
6 1.9098 1586.0440 | 1630.1857
7 —-3.1904 1579.3640 | 1628.2957
8 -3.1901 1585.9340 | 1628.2957
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Fig.6 Standard sphere surface scanning
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Table 4 Partial spherical center fitting experimental data mm

25 X, Y, Z, A, B, Laser X Laser Z
—7.3375 —4.0654

—7.3250 —4.0374

1 —3.19161 | 1583.664 | 1628.2957 0 0 —7.3125 —4.0034
—7.3000 —3.9528

—8.1000 —4.0838

—8.0875 —4.0484

2 —3.18956 | 1582.784 | 1628.2957 0 0 —8.0750 —4.0130
—8.0625 —-3.9850

—8.5500 -4.0120

—8.5375 —3.9548

3 —3.18872 | 1582.364 | 1628.2957 0 0 —8.5250 -3.9078
—8.5125 —3.8664
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Table 5 Partial calibration accuracy verification experimental data mm

4151 X, Y, z, 4 | B Py, Py, Py
1 —0.00028 | 1584.994 | 1631.5457 0 0 0.256 -12.737 | —6.329
2 —0.00028 | 1584.504 | 1631.5457 0 0 0.262 -12.249 | —6.325
3 —0.00028 | 1584.164 | 1631.5457 0 0 0.268 -11.911 | -6.321
4 0.00055 | 1583.854 | 1631.5457 0 0 0.271 -11.601 | -6.321
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Table 6 Calibration accuracy verification analysis mm
B B B
Ji Il

M1 M2 M1 M2 M1 M2

X 0.0209 0.1324 0.0063 0.0314 0.0103 0.0925

Y 0.0892 0.2552 0.0016 0.1581 0.0371 0.2262

Z 0.0221 0.1185 0.0024 0.0173 0.0140 0.0781
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High-Precision Line Laser Installation Pose Calibration Method for Serial-
Parallel Mirror Milling Equipment

LIU Haibo', LI Wenjie', DING Yue’, WANG Pengfei', LIANG Run', BO Qile', XIE Fugui’,

XIAO Shihong’

(1. State Key Laboratory of High-Performance Precision Manufacturing, Dalian University of Technology,
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2. AVIC Manufacturing Technology Institute, Beijing 100024, China;

3. State Key Laboratory of Tribology, Department of Mechanical Engineering, Tsinghua University, Beijing 100084, China)
[ABSTRACT]

tools is proposed to address the challenge of accurate pose calibration. Based on the characteristics of standard spheres to

A calibration method for the installation pose of a line laser sensor suitable for serial-parallel machine

calculate the spherical center coordinates, an equation was established using the invariance of the sphere center, and a target
function for calculating the rotation matrix was proposed. Point cloud data from the surface of the standard sphere was
scanned, and the spherical center was fitted. A model for computing the translation matrix was developed by comparing
the fitted center with the true center coordinates. Compared with a traditional hand-eye calibration method, the calibration
errors of the proposed method in the X, ¥, and Z directions have been reduced by 88.9%, 83.6%, and 82.1%, respectively.
This method eliminates the need to alter the pose of the serial-parallel mechanism, effectively mitigating the impact of
positioning errors on pose calibration, thus significantly enhancing calibration accuracy.

Keywords: Serial-parallel machine tool; Standard sphere; Line laser sensor; Pose calibration; Measure-machining integration
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