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Angle Error Investigation in Laser Tracker Testing Large Aspheric Mirrors
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Abstract In order to meet the surface shape detection requirements during the grinding stage of large aspheric
mirror, the sources of angle error are analyzed, and one method for correcting angle measurement errors based on
the S polynomial fitting is proposed. This method can effectively overcome the impact caused by the sampling
location and random errors. As for the angle errors at different frequency bands, the generatrix and composite
sampling methods are proposed, and the generatrix sampling method can suppress the random error within 10% in
the calibration experiment. The above correction method is proved to be possible, which provides a theoretical basis
for its application in the future experiments.
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Fig. 2 Typical error curves of RON285 angle encoders®’
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Fig. 3 Schematic diagrams of laser beam geometry error. (a ) Oblique view ; (b) top view
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Fig. 4 Angle errors caused by pitch axis error of laser trackers. (a ) Horizontal angle error ; (b ) pitch angle error

1104003-3



2.2
(5200990:900) 1)
) 0, 5 ; ) 1
’ ’ ’ 0 5
11 , , R 11
, (DMD , 1
5 . (a) ;(b)
Fig. 5 Schematic diagram of angle error calibration of laser tracker. (a ) Front view ; (b) top view
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Table 1 Comparison among results from different sampling methods
Number of Number of
) . AX e/ pm AY e/ pm AS,n/pm AX,/pm AY,,/pm AS,,/pm
generatrices  samplings
10 0.138 0.276 0.275 0. 666 2.000 1. 260
9 18 0.138 0.276 0.275 0. 666 2. 000 1. 260
26 0.138 0.276 0.275 0.666 2.000 1. 260
30 0.138 0.276 0.275 0. 666 2.000 1. 260
10 0.169 0.042 0.125 1.562 0. 440 1. 219
3 18 0.169 0.042 0.125 1.562 0. 440 1. 219
26 0.169 0.042 0.125 1.562 0. 440 1.219
30 0.169 0.042 0.125 1.562 0. 440 1.219
10 9.22X107° 1.61X107% 1.26X1078 1.22X1077 2.33X1077 2.27X1077
4 18 3.20Xx10°¢ 1.65X10°% 2.63x10°* 4.05x1077 2.46Xx1077 4.00Xx1077
26 1.39X10°% 2.73X10°° 2.09x10°* 1.79X10°7 3.84x1077 3.74X1077
30 5.34X107° 2.56X10°% 1.83X10°8 7.40x10°* 3.50x10°7 3.42X1077
10 3.51x10°% 8.17 X101 7.63x10°Y 2.92X107° 3.64X107° 3.07X107°
_ 18 1.48X107° 1.69X107° 2.25X107° 1.23X1078 1.23x10°8 8.68X107°
5
26 6.42x10""° 1.21X107° 8.56X107% 5.33X107° 1.24X1078 7.20X107°
30 1.32X107° 2.73X107° 1.89X107° 1.10X1078 2.80x107* 1.57X107%
10 1.80X107" 2.72X1071% 2.37X107" 1.44X107° 2.22X107° 1.86X107°
6 18 2.63X1071% 2.88X1071% 2.79X1071% 2.56xX107° 2.78X107° 2.88x107°
26 2.30X10°" 1.59Xx10° " 2.45X10° " 2.22X107° 7.74X10°1° 2.22X107°
30 2.24 X101 9.20x10 1 1.93X10°% 2.06X10"7 1.05X107° 2.05x107°
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Fig. 6 Comparison among results under different number of fitting terms and sampling methods. (a ) Generatrix
sampling, first 28 terms ; (b ) generatrix sampling, first 45 terms ; (¢ ) schematic diagram of composite sampling;

(d) composite sampling, first 45 terms
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Fitting result AX s AY ASe AX, AY,, AS,,
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Fig. 7 Retrieval effect of angle error distribution after S polynomial fitting. (a)(c) Initial distributions of angle errors ;

(b)(d) retrieval distributions of angle errors ; (e) residuals after polynomial fitting
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Fig. 8 Schematic diagram of sampling location errors
8 s 4 m o s
(8) ) 30 mm, , , .
3
Table 3 Effect of sampling location errors on fitting results
Fitting result AX e/ pm AY o/ pm AS.me/ pm AX,./pm AY,,/pm AS,,/pm
Ideal situation 0. 289 0.179 0.216 3.78 2.52 2.12
Real situation 0.288 0.174 0. 289 4.53 2.57 2.72
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Fig. 9 S polynomial fitting results within 10% random error. (a) Initial distribution of angle error ; (b) distribution

of angle error within 10% random error ; (c) retrieval distribution of angle error ; (d) residuals after polynomial fitting
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0 0.279 0.179 0.216 3.779 2.521 2.126
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