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Error analysis of scanning pentaprism system in optical testing

on large aperture flat mirror
Qi Erhui'?, Luo Xiao*?, Li Ming"?, Zheng Ligong*®, Zhang Xuejun**
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Physics, Chinese Academy of Sciences, Changchun 130033, China; 3. Key Laboratory of Optical System Advanced Manufacturing
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Abstract: The scanning pentaprism system has advantage of simple structure, quick optical testing and
providing precise measurement of low order aberrations, it is an effective method for guiding optical
manufacturing of large aperture flat mirror. In order to improve the scanning pentaprism technology, this
letter makes detailed analysis on the error sources include pentaprism manufacturing error, thermal effect,
components’ position motion, mapping error, autocollimator measurement uncertainty in the scanning
pentaprism system, and derives their exact influence on the system. The analysis results show that the
system’s measurement uncertainty on single testing point can be about 230 nrad under current laboratory
environment, and the accuracy of scanning pentaprism system is mainly limited by the measurement

uncertainty of the autocollimator and the thermal effect, which providing the proceedings that should be

K HH.2014-06-11; {&iT HH§.2014-07-15

E&WA . F%K A AR #E4(61210015)

YEE B AT B I (1989-), 5 | i A=, 32 8 DA S b B8 43 3 AR A DR 0 488 S T B A W) b 249 17 ) T 9 BIF
Email:qierhui @mail.ustc.edu.cn

S8 v FB L Dy (1969-), T WF5E A, EEWFSE 5 [ e 2E i TR k4R . Email:1gzheng @ciomp.ac.cn



640 oMk TAR

% 44 %

cared for improving the system performance. This study also gives an important reference for the error

analysis and precision distribution in design of the scanning pentaprism system.
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Fig.1 Principle of a pentaprism
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Fig.2 Principle of the pentaprism scanning system
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Fig.3 Scanning lines for measuring low order aberrations
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Fig.4 Performance of scanning pentaprism system
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Fig.6 Surface error of a pentaprism
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Tab.1 Budget for alignment errors for the scanning

pentaprism system

Items Descriptions Budget values

a,, Initial misalignment of the prism roll <0.13 mrad

Aay, Variation in prism roll <0.05 mrad rms

Misalignment of the autocollimator roll
. L k <0.10 mrad
relative to direction of motion

Ao, Variation in autocollimator roll <0.05 mrad rms

Yw  Initial misalignment of the prism yaw <0.13 mrad

Ay Variation in prism yaw <0.05 mrad rms

Misalignment of the test surface roll
Qs <0.10 mrad

relative to the direction of motion

Aoy Variation in test surface roll <0.01 mrad rms
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Tab.2 Combined random error

Error sources Values/nrad rms

Dimension errors of prism 3.86x107°
Surface errors of prism 0

Material inhomogeneity effect 3.5x107"7
Thermal effect 140
Components’ angular motion 25
Mapping error 4
Lateral motion of prism 80
Measurement uncertainty of autocollimator 160
RSS 230
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