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Error Analysis and Compensation of Five-DOF Pneumatic

Probe Calibration Mechanism

JIANG Anlin, SONG Daiping, LI Ning, CHEN Changsong
(Mechanical Engineering School, Chongging University, Chongging 400044)

Abstract: In order to satisfy the requirement of high precision in the process of probe calibration, the
perturbation error compensation method is used to compensate the error of the five-degree-of-freedom
pneumatic probe calibration mechanism. Based on the forward and inverse kinematics of the probe
calibration mechanism, the error model of the probe calibration mechanism is established by differential
method, and the calculation formula of the terminal position and attitude errors is obtained. Then the
terminal position and attitude errors is compensated by perturbation method, and the error compensation
steps of the method are described in detail. Taking the yaw and pitch attitude of the
five-degree-of-freedom pneumatic probe calibration mechanism as an example, the error compensation
experiment is carried out, which Error Analysis and Compensation Error Analysis and Compensation of
Five-DOF Pneumatic Probe Calibration Mechanismof Five-DOF Pneumatic Probe Calibration
Mechanismproves the effectiveness of the compensation method. This method provides a theoretical
basis for the debugging of the follow-up mechanism.

Key words: five degree of freedom; pneumatic probe calibration mechanism; error analysis and
compensation; perturbation method.
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Fig.1 5-DOF Pneumatic Probe Calibration Mechanism
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Fig.2 The D-H coordinate system of probe mechanical
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Table.1 The parameters of Links
R i 6, /rad o, Irad a,/mm d; /mm Ja

1 0 —pi/2 a d, 0~60mm
2 6, pi/2 0 d, 452%+45°
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Table.2 The result of terminal position error of probe mechanism after compensation
AIGEARZE (rad)
fir s A
52= i Aa
AMEHT M) AMERT AME)E

1 0.0014 0.0001768 0.000503 0.00017541
2 0.00070468 0.00017466 0.002074 0.0001737
3 0.0010584 0.00017574 0.000598 0.00017571
4 0.00084842 0.0001751 0. 0003782 0.0001749
5 0.000989 0.00017553 0.0016135 0.00017538
6 0.000972 0.00017557 0.0020657 0.0001753
7 0.000982 0.00017555 0.0014576 0.00017546
8 0.00097523 0.00017556 0.0007067 0.00017553
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10 0.0009359 0.00017535 0.0006235 0.0001754
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Fig.3 Beta angle error after compensation
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