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Research on Geometric Parameter Measurement Method Using
Laser Tracker in Null Lens Asphere Testing
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Mechanics and Physics, Chinese Academy of Sciences, Changchun, Jilin 130033, China

Abstract Traditional measuring methods of geometric parameters of asphere cannot meet the accuracy
requirements as the aperture and vertex radius of curvature increase. In order to realize high accuracy measurement
of geometric parameters, analysis and measuring methods are studied according to the null lens testing. The
theoretical relationship between radius error and conic constant error is compared with the simulation results, then
the requirements of measurement and data processing check method are determined. The basic principles of using
laser tracker to measure geometric parameters are presented. The feature transformation, modeling and data
processing methods are introduced. Experimental results show that the repeating precision of radius, conic constant
and off—axis distance are +0.039 mm, +2.05x10° and +0.055 mm, respectively. The high repeating accuracy indicates
that this method is suitable for geometric parameters measurements, especially for large aperture and long radius
aspheres. The absolute accuracy needs to be further analyzed.
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Fig.1 Typical asphere testing using null lens (with distance error)
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Table 1 Parameters of optical elements in null lens testing

Surface Radius Thickness Glass Semi-diameter Conic
OBJ Infinity 376.749070 0
1 142.478122 50 BK7 93 0
2 -683.742406 330.592011 93 0
3 83.115968 40 BK7 55 0
4 129.374058 3597.904157 55 0
5(STO) -3500 -3597.904157 Mirror 305.778360 -1
6 129.374058 -40 BK7 55 0
7 83.115968 -330.592011 55 0
8 -683.742406 =50 BK7 93 0
9 142.478122 -376.749070 93 0
0

IMA Infinity - 2.782149x10™
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Fig.2 Optical path designed by Zemax and residual error
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Table 2 Comparison of theoretical calculation and Zemax simulation

Theoretical calculation Zemax simulation
Ad / mm Ak /10™ RMS /A Ad /mm Ak /107 RMS /A
+1 -2.857142857 0.0004 +1 -2.84449688 0.0004
-1 2.857142857 0.0004 -1 2.83680602 0.0004
+10 -28.57142857 0.0006 +10 -28.33465615 0.0004
-10 28.57142857 0.0004 -10 28.48467892 0.0004
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Fig.3 Method and transform of optical feature to measureable datum
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Fig.4 Geometric parameter testing of asphere by laser tracker
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0508007-5



L G-

SR FH IO SRS AR A7 LT 2 5000 g R 5 ), 7 TR 0 2 RS, TUART 2 850 5 T T 5 2 4 R n R 8 T
TN o T R A AR I o FE MRS FE A B T +0.039 mm, TS B RCE BN IR MRS FE R £2.05%107, B il
S e RS AR B T £0.055 mm o R A A2 M 0 A RS JEEIE BH SR R O R R AN e L ART A R .
2 1% I 45 X e A R B — 2 AT

é -0.45} (a)
% @ —0.50_—
S §-055
°s F
é © -0.60
= -0.65F ) ) . . L
0 2 4 6 8 10
Measurement times
2 0.8F (b)
‘g 0.6
% 04} e " T
<]
S 0.2}
=
m 0 C 1 1 1 1 1
0 2 4 6 8 10
Measurement times

P8 B S A IR (a) B A R R R 255 (b) RN AR R A R R 2

Fig.8 Repeating error of off-axis (a) distance and (b) radius
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