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Study on the plane angle measurement technology based on
aser displacement sensors

Peng Xifeng, Chen Shuang, Li Haixing, Xiong Zhaohui
( Metrology and Testing Center, China Academy of Engineering Physics, Mianyang 621200, China)

Abstract : Aiming at the plane angle in-site measurement requirement, a non-contact measuring device for plane angle is developed based
on the diffuse reflection measurement features of the laser displacement sensors. The spatial coordinate calibration method of the laser
displacement sensors are proposed that combines the coordinate measuring machine and position sensitive detector, an accurate
measurement model for plane angle is constructed. The Montel Carlo method is used to evaluate the uncertainty of the plane angle non-
contact measurement device, and the result is U =0.044° ~0.046° (k =2) for the angle measurement range of +25°. The performance
verification test, repeatability test and stability test were performed to examine the specifications of the non-contact measurement device.
The results show that the absolute indication error, repeatability and stability of the device are less than 0.036°, 0.004° and 0. 021°
respectively in the measurement range of +25°. The test results demonstrate that the non-contact measurement device for plane angle
based on laser displacement sensors is accurate, reliable and has the application prospect for the in-site measurement of plane angle.

Keywords : plane angle; laser displacement sensor; non-contact measurement
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Fig.1 The displacement measurement principle based

on laser displacement sensors
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Fig.2 The non-contact measurement principle for

plane angle based on laser displacement sensors
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Fig.3  Structure of coordinate measuring machine
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Fig.4 The coordinate measurement principle based on

position sensitive detector
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Fig.5 The spatial coordinate calibration principle for

laser displacement sensors
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Fig.6  Photo of the coordinate calibration for laser

displacement sensors
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Table 1 Experiment results of the spatial coordinate calibration for laser displacement sensors

i g AR LSRR AR/ mm
LDSI g = [544.679 7, 600.566 3, 0, 0.002 1, 0.0026, 1, 166. 100 1] 0.004 0
LDS2 g, = [499.3850, 630.9942, 0, 0.004 2, 0.001 1, 1, 166.233 0] 0.003 8
LDS3 g; = [471.4912, 601.746 2, 0, 0.003 3, 0.002 9, 1, 166.229 3] 0.003 1
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Table 2 Error distribution of various uncertainty sources
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o 1EZS4M ,N(0,0.005%)
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Fig.7 Uncertainty analysis results
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Fig.8 Photo of the test scene for alumina ceramics
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Table 3 Performance verification experiment results of alumina ceramic reflection surface

R () v l/(0) REBROARHEE U/(°) k=2 HEEAOAEE Uy (°) k=2 VU + Uy
25 -25.023 0.023 0.044 0.044
-20 —-20.006 0. 006 0.043 0.043
-15 -15.023 0.023 0.044 0.044
-12 -12.023 0.023 0.044 0.044
-9 -9.012 0.012 0.045 0.045
-6 -6.002 0.002 0.045 0.045
-3 -3.009 0.009 0.046 0. 046
0.000 1
3 3.005 0. 005 0.046 0.046
6 6.015 0.015 0. 045 0.045
9 9.016 0.016 0.044 0.044
12 12.017 0.017 0.044 0.044
15 15.028 0.028 0.044 0.044
20 20.033 0.033 0.043 0.043
25 25.034 0.034 0.044 0.044

x4 REARHEAMEERRIELRER

Table 4 Performance verification experiment results for griotte reflection surface

¥o/ (%) ¥/ (°) ly =0 1/(°) ARALENAHEE U/(°) k=2 R B IATER Up/(°) k=2 VP + 0
-15 -15.015 0.015 0. 044 0.044
-12 -12.022 0.022 0. 044 0.044
-9 -9.015 0.015 0.045 0.045
-6 -6.023 0.023 0.045 0.045
-3 -3.006 0.006 0.046 0.046

0.000 1
3 2.998 0.002 0.046 0.046
6 6.010 0.010 0.045 0.045
9 9.014 0.014 0. 044 0.044
12 12.021 0.021 0. 044 0.044
15 15.036 0.036 0. 044 0.044
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Fig.9 Measurement repeatability at different angles
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