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Long Range Straightness/Coaxiality Measurement System Using
Dual-frequency Laser

CHEN Qiang-hua WU Jian YIN Chun-yong
State Key Laboratory of Precision Measurement Technology & Instrumentation

Department of Precision Instruments  Tsinghua University — Beijing 100084

Abstract In this paper a novel straightness/coaxiality measurement system using transversal Zeeman dual-frequency laser is
introduced. In contrast to longitudinal Zeeman system the size of instrument is shortened and the non-linearity error generated
from quarter wave plate is avoided. The system is self-adaptive and quite resistant to air turbulence. Phase measurement can reach
0.1 degree equivalent to 1 pm. Measuring component can be removed from light path during measuring process. Using 8098
singlechip computer to stabilize the beat frequency intelligently ~experiment has shown that the change of beat frequency is less
than 0.5 kHz in 10 hours. The measuring stability is about 2 pum/h. Correlation coefficient of linearity of indicating value is better
than 0.9999. It realizes the straightness/ coaxiality measurement of long range.

Key words straightness/coaxiality measurement transversal Zeeman dual-frequency self-adaptive long range measurement

HP5528

45

60

2001-04-23 2001-07-10
59735120
1978 .4—
E-mail ¢qh99 @ mails. tsinghua. edu. cn



626

L w R
Fig.1 Straighiness measurement using the dual-frequency
laser interferometer
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Fig.4 Schematic diagram of coaxiality measurement system
L dual-frequency laser head W, W, Wollaston prism

D, D, photodetectors R rectangular reflector P analyzers
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Fig.6 Experimental result of stability of

beat frequency
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Fig.7 A pair of imperfectly linear polarized light
orthogonally to each other
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Fig.8 Schematic diagram of experiment setup for polarized orthogonally property of transversal Zeeman laser
1 1 SJD-5T
Table 1 Experimental result of polarized property
of SJD-5T
Smin Smin, /v Smax /v 1]1 2 a/ !
0. 10 X 0.40 5.8 0.034 0.4
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Fig.9 Experimental result of short range stability
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Table 2 Standard deviation of measurement stability
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Fig.12 Experimental result of linearity of indicating value
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Fig.13 Schematic diagram of experimental setup for
straightness measurement
L laser R, reflector reflectance value is 30% R, Ry reflector
reflectance value is 100%  R3 reflector reflectance value is 50%
WP quarter wave plate R retroreflector PBS polarized beam

splitter P analyzer PD photodetector M carriage
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Fig.14 Experimental result of straightness measurement

a positive direction b opposite direction
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