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Abstract: To implement the in-line self-calibration of a time grating angular displacement sensor in
practical applications, a self-calibration method called Fixed Angle Shift (FAS) was presented and a
self-calibration system was designed. Firstly, circle-closed natural base was shifted to a fixed angle
base to be as the self-calibration base of time grating. According to properties of Fourier series, the
relations between differences of measured values and errors were established by shifting the fixed
angle base to amplitudes and phases in the Fourier transfer. Then, the error function was

reconstructed based on the Fourier analysis for differences of measured values. Finally, the error
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sources effect on the calibration accuracy were discussed and a zero point correction algorithm was

designed. To verify the results of self-calibration, self-calibration experiments were performed and

compared with the proposed FAS system and a laser interferometer. Experimental results indicate that

the accuracy of self-calibration with FAS method is 1. 9", which is well consistent with that of the

theoretic calculation (1. 5=+ 0. 5)". The method solves the self-calibration base of the time grating

angular displacement sensor and satisfies, the requirements of precise measurement systems for high

precise and high reliability.

Key words: time grating angular displacement sensor; self-calibration; fixed angle shift; zero point correction
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Tab.1 Data of main and auxiliary reading heads from 0° to 10° before turning of main reading heads

¥ 5 FEEHCL/O B Rk /() ¥ 5 FEEHck/O iRk /O
1 0.001 31 0.000 00 12 5.499 22 5.500 00
2 0.498 92 0. 500 00 13 5.999 33 6. 000 00
3 0.998 86 1..000 00 14 6. 500 08 6. 500 00
4 1.499 14 1.500 00 15 6. 998 89 7.000 00
5 1.999 36 2..000 00 16 7.499 31 7.500 00
6 2.499 25 2.500 00 17 7.999 47 8.000 00
7 2.998 78 3.000 00 18 8. 498 64 8.500 00
8 3.499 78 3.500 00 19 8.999 92 9.000 00
9 3.999 42 4,000 00 20 9.498 94 9.500 00

10 4.500 03 4.500 00 21 9.998 81 10. 000 00

11 4.999 58 5.000 00 22

T2 FEHIHMETHITHL 0~10°HNME LB

Tab. 2 Data of main and auxiliary reading heads from 0° to 10° after turning of main reading heads

JFs FERHCL/O) B EEECk /() ¥ FEdck/ ) B EEECL /()
1 3.479 43 3. 461 54 12 8.952 84 8.961 54
2 3.952 47 3.961 54 13 9.461 88 9.461 54
3 4. 461 38 4. 461 54 14 9.957 10 9.961 54
4 4.956 01 4.961 54 15 10. 452 22 10. 461 54
5 5.452 62 5. 461 54 16 10. 977 55 10. 961 54
6 5.977 42 5. 961 54 17 11. 454 92 11. 461 54
7 6.454 16 6.461 54 18 11. 960 91 11.961 54
8 6.961 89 6.961 54 19 12. 457 03 12. 461 54
9 7.456 42 7.461 54 20 12.953 48 12.961 54

10 7.954 45 7.961 54 21 13.477 03 13. 461 54

11 8.477 74 8.461 54 22

HWROEMAT B AR Bk R TR 2 5C0) FE R 5 IR (AU AL, N3 3 PR,
(18 5 H0 A 2 1, AR A =X (4D R =X (5) W A5 45 22 1R B

®3 FASHEMRERB (OMNEZEREHEMIRBEMME A

Tab. 3 Amplitudes and phases of main component of error function () using FAS method

WP N R A/ D AL @i/ rad BB N EME A/ (D AL @i/ rad

0 0.001 39 0.000 00 288 17. 681 40 0.149 63

1 0.519 81 4.144 19 360 0. 444 44 2.158 47

2 1.343 84 —0.905 24 432 39.977 22 1. 361 16

3 0.177 97 0.023 28 433 0.281 49 0.053 10

4 0.177 67 3.886 91 576 9.230 11 2.556 25

5 0.131 81 —0.048 19 720 0.120 27 1.727 65

72 1. 153 30 3. 466 58 792 0.072 10 1.013 19

144 21.685 93 1. 346 40 864 5.337 10 2.384 33
216 2.164 15 3. 21345 — — —
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Error curve from 0° to 10° reconstructed by self-

calibration using FAS method
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