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Manufacturing technologies of lightweighted mirror
applied to vacuum cryogenic environment

CHEN Ya, SONG Shu-mei, XUAN Bin, XIE Jing-jiang

( Key Laboratory of Optical System Advanced Manufacturing Technology, Changchun Institute of
Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033 China)

Abstract: The design and manufacture of an elliptic mirror used in renote sensing was described in detail.
How to choose the materials of a lightweighted mirror was discussed and the applications of the mirror to vacu-
um cryogenic environments were introduced. Based on the analyses of effects of different shapes of lightweight-
ing holes, the structure of mirror was designed. By supporting the mirror with a belt hanging system, the gravi-
ty effect and the ultra low temperature effect were analyzed with a finite-element software. Furthermore, the
practical lightweighting manufacture was carried out in the routing function of a conputerized numerical control
machining system, and the lightweighting ratio of elliptic mirror obtained has exceeded 33% . In order to elim-
inate the residual stress and microcracks introduced in the process, the mimor was disposed by a chemistry
etching, and processed by a zone polishing machine on local. Results show that the surface eror after polis-
hing reaches 0. 022A (rms, A =633 nm) . The experiment of temperature variation was done in a small range
and the change of surface error is 0. 03 nm.
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Tab.1 Parameters of two commonly used materials

p/(g- cm %) E/GPa a/(10°°/K)  A(W- m*' K'Y ¢ /(3 g’ KD Elp
Zerodur 2.53 91 0.05 1.64 0.821 35.97
SiC 3.13 400 2.5 141 0.69 127.8
2.2 ,
[4 6]

1 CAD
Fig.1 CAD drawing of lightweighted mirror
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Fig. 3 Finite-element model of whole structure
Fig. 4 Constraint sketch map of mirror structure
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3 PV RMS
Tab.3 Surface errors under gravity effect 1/20\ 1/70\,

PV/nm RMS/nm PV RMS 1/80A

32.96 8. 68 1 /550,

+50 - 150

4 +50 -1%0 3
Tab.4 Surfaceerrorsin +50 - 150

/ PV/nm RMS/nm 31

+50 3.00 0.41 3
- 150 8.00 1.14

[7.8]
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Fig.8 Lightweighted mirror after polishing
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Fig.10 Test result of lightweighted mirnor
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