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Design of optical imaging system for large-scale step-shaft diameter measurement

ZHENG Jianli', DUAN Jie', SUN Xiangyang’, ZHANG Hongtao'
(1. School of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022,
China; 2. School of Electronic Information Engineering, Changchun University, Changchun 130022, China)

Abstract: To address the significant measurement errors caused by optical axis misalignment due to eccentric
lens assembly in the optical imaging system of large step-shaft diameter measurement equipment, a symmetric
dual-telecentric optical path dual-CCD measurement method with error compensation using a plane mirror is
proposed. The principle is as follows: a symmetric dual-telecentric optical path dual-CCD optical imaging
system is designed with a measurement range for diameters between 600 mm and 800 mm. A plane mirror is
introduced between the collimating beam expansion system and the optical imaging system to reduce angular
errors in the optical path, thereby correcting the coaxiality error of the system's optical axes, improving beam
collimation, and enhancing the system's imaging quality and measurement accuracy. According to the design
results, when the Nyquist frequency of the optical imaging system is 71.4 lp/mm, the modulation transfer
function (MTF) value exceeds 0.65, the field curvature is less than or equal to 0.2 mm, and the distortion is less
than 0.13%. After the designed optical system is integrated into a large step-shaft diameter measurement
device, actual measurement results demonstrate that the improved optical imaging system can achieve

approximately double the measurement accuracy compared to the original equipment.
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Fig. 1 Schematic diagram of the dual telecentric optical

path
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Fig.3 Schematic diagram of improved measurement system
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Table 2 Structural parameters of double telecentric system

of diameter detection system

i fEER/mm L /mm PR

0 Yrid TGk 90.000

1 TokR 0.000

2 490.438 10.000 1.81,40.8
3 ~7741.174 0.242

4 202.545 10.000 1.81,40.8
5 361.121 57.115

6 96.900 19.729 1.81,40.8
7 117.148 67.678

8 35.580 15.425 1.81,40.8
9 21.641 25318
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11 -17.389 4.625 1.81,40.8
12 -21.193 0.769

13 —45.474 5.719 1.81,40.8
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Table 3 Tolerance range of optical system
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Table 4 Tolerance analysis of worst-case deviation types

e KA K i if B
TTHI 11 12 —0.020 000 00 0.630 853 88 —0.048 040 70
TIRX 11 —0.020 000 00 0.633 503 08 —0.045 391 49
TIRX 11 0.020 000 00 0.633 503 08 —0.045 391 49
TIRY 11 —0.020 000 00 0.633 503 08 —0.045 391 49
TIRY 11 0.020 000 00 0.633 503 08 —0.045 391 49
TRAD 11 0 0.010 000 00 0.637 721 27 —0.041 173 30
TIRX 12 —0.020 000 00 0.644 487 12 —0.034 407 45
TIRX 12 0.020 000 00 0.644 487 12 —0.034 407 45
TIRY 12 —0.020 000 00 0.644 487 12 —0.034 407 45
TIRY 12 0.020 000 00 0.644 487 12 —0.034 407 45
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Table S MTF and tolerance analysis results
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