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Harmonic analysis application in accuracy improvement

of precise turntable
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Abstract: In order to increase the angular position measurement accuracy and improve structure design of
a precise turntable, the angular position measurement precision of its azimuth shafting was detected. The
error included axial error, encode error and other errors. Fourier harmonic analysis was adopted in data
processing. Harmonic waves with different orders were used to fit the data, low order harmonic waves
were removed, which could increase the position measure accuracy. Meanwhile, the error sources had
been found. The error look up table could be used to correct the measure data afterward. As the result
shows, the value of angular position measurement error after corrected is 1/4 of the value before
corrected, the amplitude is about 0.8”, the angular position measurement accuracy has been increased a
lot. A look up table was built to correct post—measurement data; the error sources were found, which
will help to improve the shafting structure.
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Tab.1 Error of angular position measurement E;

No. 1 2 3 4 5 6 7 3 9 10 11

12 13 14 15 16 17 18 19 20 21 22 23

1.7 33 42 38 3.7 46 44 38 35 25 21

1.8 32 43 3.7 42 45 41 38 29 23 13

E, 21 34 42 36 34 4 39 34 3 26 14

1.5 32 4 35 38 36 39 34 31 22 14

23 31 39 45 4.7 41 44 40 3.1 23 19 1.3

25 32 35 43 41 41 40 35 26 1.7 19 1.5

2.1 33 3.8 47 47 44 41 37 31 2 19 13

2 33 39 44 43 46 42 36 28 2 15 1.3

Note: Ej, error of the first lap clockwise; E;, error of second lap clockwise; E,; error of the first lap counterclockwise; E;, error of

second lap counterclockwise.
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MR T AP A droa] DUR e KA 4.77 35/
{60 13", 5 A5 M I fe R 3.57 bR ifEZE 1,17
VU 2% i 2R A MR R o RAH 22 17 S A RS
BRZE , Al I R L 0 B s R AR 22 Bk
22 HEMIERSW

PRV E IR S, K A — B IR SR
1 1% 22 (8 O B (E A5 2 8 4] E, L3R 2.

R2LBENMLETHREE

Tab.2 Average value of every position

No. 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22 23

Value 1.78 3.28 4.18 3.65 3.78 4.18 4.08 3.6 3.12 2.4 1.55 2.23 3.23 3.78 4.48 4.45 4.3 4.18 3.7 29 2

1.8 1.35
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RIBRBERH v,=—0.732 9cos2x,+1.284 5sin2x; (7)
Tab.3 Coefficients of every harmonic ¥;=—0.021co0s3x;+0.009 4sin3x; (8)
No. 1 2 3 4 5 6 7 v,=0.014 1cosdx,+0.434 9sindx; 9
a —0.5662 0.7329 —0.021 0.0141 -0.1942 -0.0978 —0.1261 ¥5=-0.194 2c0s5x+0.1508in5x; (10)
V6=—0.097 8cos6x;+0.241 3sin6y; (11)

by 0.1588 1.2845 0.0094 0.4349 0.156 0.2413 0.1899 )
y:=—0.126 1cos7x;+0.189 9sin7x; (12)
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Tab. 4 Fitting function value

No. 1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16 17 18 19 20 21 22 23

Value 1.49 3.65 4.29 3.78 3.96 4.4 4.18 3.78 3.3 2.37 1.74 2.29 3.31 4.05 4.57 4.71 4.47 4.33 3.94 2.92 2.15 1.95 1.17
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Tab.5 Error before and after correction
No. 1 2 3 4 5 6 7 8 9 0 1 12 13 14 15 16 17 18 19 20 21 22 23
E, 25 4.1 43 43 45 45 34 29 24 19 1.7 19 3.1 37 45 45 43 4.1 34 2 18 1.1 1.5
E, 10 04 0 0.5 05 01 -08-09-1.0-04 0 -04-0.2-0.3 -0.1 -0.2 -0.2 -0.2 -0.5 -0.9 -0.4 -0.8 -0.3
Note: E, is error before correction; E,, is error after correction.
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