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Research on Calibration Principle and Method of Laser Tracker Base
Stations Based on External Physical Standard

LI Haitao" XU Shulei  WANG Yawen BAI Xiaobin JING Xiaoning

School of Mechanical Engineering, Shaanxi University of Science and Technology, Xian, 710021

Abstract: A kind of external physical standard for laser tracker base station calibration was designed ,
which was called BSC. Firstly, the principle of BSC of laser tracker was introduced. Then a high-
precision CMM was used to measure the repeated positioning accuracy of the BSC, which verified the char-
acteristics of high-precision repeated positioning. verified the feasibility of the calibration principle of the
base stations, and might realize the accurate positioning of the target mirror in space. Finally, the BSC was
introduced into the CNC machine tool positioning error measurement experiments, and the measurement
results were compared with that of the laser interferometer. The research finds that the two measurement
principles of the error value change trends are basically the same , the maximum deviation of X axis position-
ing error measurement is as 1. 8 pm, the maximum deviation of Y axis positioning error measurement is as
2.3 pm. The results show that the calibration principle of the BSC is feasible, the accuracy meets the cali-
bration requirements of the laser trackers, and the measurement results are in good agreement with the ex-
isting mature equipment. This method puts forward a new idea and method for the calibration of the laser
tracker base stations.

Key words: base station calibration (BSC) ; physical standard; error measurement; laser tracking;
CNC machine tool
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Fig.1 Multi-station multi-lateral measurement
principle
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Fig.2 Working principle of BSC
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Fig.3 Structure of target mirror adjusting device
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Fig.4 High precision coordination principle of BSC
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Fig.5 Position of the target mirror in the BSC
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Fig.7 Base station calibrator instrument
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Fig.8 Schematic diagram of the installation position of

the leaf spring and precision ball
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Fig.9 Fine-tuning principle of adjustment board
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Fig.10 Target mirror position calibration experiment
of BSC
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Tab.1 Coordinate values of electromagnetic iron

position adjustment device A
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Tab.4 Coordinate values of electromagnetic iron

position adjustment device D

8D M WM | m/ME | 22{E/pm | PRIEZE
X |358.5922| 358.5934 | 358.5911 2.3 0.002 17
Y |307.3835| 307.3837 | 307.3826 2.1 0.002 53
Z |111.3374| 111.3384 | 111.3365 2.2 0.001 34
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Fig.11 Error measurement experiment by laser

interferometer
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Fig.12 Overall layout of measuring device
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Fig.13 Machine error measurement using BSC
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Tab.5 Positioning errors measured by the laser interferometer

o7 % /mm 0 50 100 150 200 250 300

o X4l 0 2.4 5.6 7.8 6.1 6.7 7.3
TG 4t 154 25 /pm -

Y il 0 4.8 9.7 15.7 13.2 16.2 15.4

T X4l 0 3.6 5.1 7.2 5.8 7.9 9.1
FE 3l B s A 415 25 / pm -

Y il 0 5.3 8.6 16.5 14.6 18.3 17.7

. Xl 0 —12 0.5 0.6 0.3 —1.2 —1.38

22 1H/pm
Y il 0 —0.5 1.1 —0.8 —1.4 —2.1 —2.3
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Fig.14 Measurement results comparison based on

different measurement principles
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