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Abstract: The field calibration of straightness is an important method to ensure the accuracy of on-line measure-
ment. Based on the transceiver integrated laser five-degree-of-freedom measurement structure, the field calibration
model was established aiming at the Abbe error, and the imaging error of retroreflector caused by the calibration
platform. According to the calibration model and the angle measurement results of the five-degree-of-freedom
measuring device, a compensation method of straightness calibration errors was proposed. Experimental results
showed that the calibration coefficient error was within 0.2% when using the calibration method, and the calibration
errors of straightness were effectively reduced. The calibration method made the error of calibration coefficient re-
duce to less than 0.2%, and effectively improved the accuracy of straightness field calibration.
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Fig. 1 The five-degree-of-freedom measurement structure
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Table 1 Calibration data of high precision calibration platform
100+
Ady//um QPD1 X AXq € i
1251 -109.192 3 50
-99.48 -86.972 g
7477 -65.187 0] 0
-49.36 -42.669 50
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0.00 0.000 -1001
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125.23 109.037 Fig. 8 Calibration results of high precision calibration platform
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Table 2 Calibration data of low precision calibration platform

Ady/lum QPD1 X Axq nd(um/m)
-123.85 -112.824 658
-99.4 -90.429 525
-74.05 -67.054 -380
-49.66 -44.541 260
-24.02 -21.265 -129
0.00 0.000 0
24.98 22.105 107
50.17 44.647 223
76.21 68.135 336
101.08 90.835 452
126.08 113.493 518
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Fig. 12 Calibration results of low precision calibration platform. (a) Before compensation; (b) After compensation
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Overview: The multi-degree-of-freedom measurement is one of the important methods to realize the rapid and
high-precision measurement of geometric errors of machine tools. Straightness measurement, as an important part in
the multi-degree-of-freedom measurement, directly affects the accuracy of error measurement of the machine tools. At
present, the straightness measurement based on laser collimation has been widely used in multi-degree-of-freedom
measurement systems. When the measuring device is applied in the field, the field calibration can effectively eliminate
the system error caused by the installation and adjustment of the measuring device, change of environmental parame-
ters, stress, and abrasion in the field application. But the precision and stability of the calibration platform are uncertain
in the field calibration of straightness, so the calibration error caused by the calibration platform cannot be ignored.

In the five-degree-of-freedom measuring structure of laser transceiver, the straightness is measured based on the laser
collimation principle, and the inverse reflection characteristics of the retroreflector. QPD1 (quadrant photodiode detec-
tor) is used to detect the location of the light spot. When using the laser interferometer to calibrate the straightness, the
X-direction output and the Z-direction output of QPDI need to be calibrated. In the field calibration of straightness, the
angle of calibration platform would change. The Abbe error caused by the different measuring points of laser interfero-
meter and straightness would affect the calibration accuracy, and it is determined by the Abbe deviation and the angle
change of calibration platform. In addition, when the angle of calibration platform changes, the imaging error of retro-
reflector is part of the calibration errors according to the principle of parallel plate expansion of retroreflector. The field
calibration model was established aiming at the calibration errors caused by the calibration platform. According to the
calibration model and the angle measurement results of the five-degree-of-freedom measuring device, a compensation
method of straightness calibration error was proposed.

In the calibration experiment, the X-direction output and Z-direction output of QPDI in the five-degree-of-freedom
measuring device was calibrated with laser interferometer. A low-precision calibration platform was used to simulate
the field calibration environment, and a high-precision calibration platform with negligible angle change was used for
comparison experiment. Experimental results showed that the calibration coefficient error of the X-direction straight-
ness was reduced from 3.5% to less than 0.1% and the calibration coefficient error of the Z-direction straightness was
reduced from 4% to less than 0.2%. The Abbe error and the imaging error of retroreflector were eliminated and the ca-
libration accuracy of straightness was effectively improved.

Citation: SuY H, Duan F J, Jiang J ], et al. Research on field calibration method of straightness in five-degree-of-freedom
measurement(J]. Opto-Electronic Engineering, 2020, 47(9): 190451
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