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Mathematical model of contacting aspheric surface contour measurement
QIU Gu-feng,GUO Pei-ji, XIE Bin, YANG Xiao-fei, WANG Yi
(Institute o f Modern Optics , SooChow University ,SuZhou 215006, China)

Abstract: After analysis of the possible causes for the measurement error of contacting contour meas-
urement instruments, based on the least square method, a mathematical model was established to cor-
rect the errors caused by the inclination in X, Y direction, eccentricity in X, Y, Z direction that exists
in the positioning of aspheric lens, inaccuracy of curvature radius, and the random micro-excursion be-
tween the circumrotating center and the detecting header of contour measurement instrument. By
mathematical simulation, it is proved that this model could achieve high precision in correcting those
errors stated above. To eccentricity less than 1 ¢cm and inclination less than 0. 1 degree, this model
could completely correct these errors, it is also very effective in correcting the errors of curvature radi-
us. The results of practical engineer implementation indicate that this model is very reliable and effec-
tive and can provide a loose lens positioning condition and function of automatic fit of optimal curva-
ture radius for the measurement of contacting aspheric lens contour. Especially this model offers the
function of automatic correction of measurement errors originated from the random micro-excursion
between the circumrotating center and the detecting header of contour measurement instrument, and it
will improve the measurement accuracy and measurement result repeatability of the contour measure-

ment instrument.
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Fg.1 Principle of contacting contour measurement
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Fig. 2 Tilting of test object and test coordinate axis
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Fig. 3 Zero point of detector and center of circumrotation
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Fig. 4 Error source of detector size
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Tab.1 Results of data simulating and processing without random error
1R 22 I HAE KA 7 B4R E WA B b B 25 B8 T 1R 22

X0 10 mm 0 9.999 764 PV=0.000 683 ym

o 10 mm 0 9. 998 606 rms=0. 000 120 ym

20 —80 mm 0 —79.999 997 W PV Ol KR 2E 5 i 2

“ o ’ 0 100 015y i rms 5222 69 A0

B 0.1° 0 0.100 089

m 0.1 mm 0 0. 099 998

n 0.1 mm 0 0. 100 000

AR —10 mm 0 —10. 000 024

x2 FAEBEEENVRENBBEEDREBELESR
Tab. 2 Results of data simulating and processing with random error
N, * b i £
T S — e B
HEWMHE R 3 pm f 9 0.3 pm % 5 4 0. 03 pm

X 10 mm 0 9.976 053 10.003 710 9.999 852 PV=3.118 966 pm
Yo 10 mm 0 9.853 517 10. 003 156 9.998 486 rms=0. 853 321 pm
2o —80 mm 0 —79.999 722 —380. 000 012 —79.999 996
a 0.1° 0 0.101 523 0.099 766 0.100 010 PV=0.311 440 pm
B 0.1° 0 0.109 224 0.099 799 0. 100 096 rms=0. 088 456 5 pm
m 0.1 mm 0 0.096 238 0.100 171 0.100 026
n 0.1 mm 0 0.099 079 0.099 919 0. 100 009 PV=0.031 849 pm
AR —10 mm 0 —10. 050 273 —9.997 180 —9.999 829 rms=10. 008 258 yum
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Result of practical testing
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