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Abstract: With the space technologies progress rapidly, demand of large-size mirrors is intensively growing. In this
paper, the developing trend of large-size space mirrors was discussed from the angles of material and fabrication
technology. Taking 1.0 m aperture technical validation brazed mirror as an example, the design and fabrication of
segments, joining and optic machining were analyzed. In addition, the 1.0 m aperture technical validation brazed
mirror was performed environmental tests including thermal-vacuum test, vibration test and anti-radiation test in or-
der to evaluate its engineering applicability. The experimental results show that the surface figure of the 1.0 m
aperture technical validation brazed mirror changed from 0.0384 (A=632.8 nm) to 0.037A and 0.036A after ther-
mo-vacuum test and vibration test. Additionally, reflectivity of the brazed mirror basically kept stable after ®co y-ray
radiation test, indicating a brilliant application prospect.
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Table 1 Properties of material to fabricate large-size space mirrors
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Zerodur ULE Be SSiC*@siccas RB-SiC!"% cysict™
pl(glcm®) 2.52 22 1.84 3.1 3.03 2.65
E/GPa 92.9 67 303 404 360 249
Elp 36.9 30.5 164.7 129.9 118.8 94
MW/m-K) 1.64 1.3 216 172 130 120
al(10%/K) 0.05 0.03 1.5 2.34 2.5 2.1
Ma 32.8 43.3 18.8 735 52 57.1
0.24 0.17 0.12 0.17 0.18
<5% <5%
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Fig. 1 Technical roadmap of large-size brazed mirrors
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Fig. 2 Fan-shaped segments for the brazed mirror after machining. (a) Mirror surface; (b) Mirror back
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Fig. 3 1.0 m aperture SSiC technical validation brazed mirror. (a) Mirror surface; (b) Mirror back
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Fig. 4 Photo of 1.0 m aperture brazed mirror after optical machining and surface figure. (a) Photo; (b) Surface figure
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Table 2 Testing condition of thermal-vacuum experiment for 1.0 m aperture brazed mirror
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Fig. 5 The change of surface figure after thermal-vacuum test for the 1.0 m aperture brazed mirror. (a) Before test; (b) After test
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Fig. 6 The change of surface figure after vibration test for the 1.0 m aperture brazed mirror. (a) Before test; (b) After test
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Table 3 Testing condition of anti-radiation experiment for ®100 mm brazed mirror
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Fig. 8 The change of reflectance for the ®100 mm brazed mirror after anti-radiation test
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1.0 m aperture SiC brazed mirror

Overview: In recent years, deep space exploration space telescope and high resolution remote sensing systems are ex-
periencing rapid development. As key part of space optic system, large-size reflecting mirrors is intensively needed.
With the progress of large-size space mirrors, material and fabrication technology are facing more serious challenges. As
candidate optic materials to fabricate large-size mirrors, it should have higher specific stiffness (E/p), better thermal
properties (A/«), high lightweight and excellent isotropy. Among all the optic materials, such as Zeroduo glass ceramics,
ULE glass, beryllium and silicon carbide, silicon carbide is especially suitable for the preparation of large-size space
mirrors with its excellent properties, which has been chosen in some space programs by several countries. So, from the
angle of material, silicon carbide is becoming the main-stream optic material to fabricate large-size space mirrors.
However, restrained by preparation progress and equipment size, it is difficult to fabricate large-size monolithic space
mirrors. So, brazing segments to assemble is a good technical path to solve the difficulty, which has realized engineering
application in Herschel space telescope. Shanghai Institute of Ceramics have been involving the study of Sintered silicon
carbide material space mirrors and joining technology of silicon carbide for a long time, and in this paper taking a 1.0 m
aperture silicon carbide brazed technical validation mirror as example, the fabrication progress of brazed mirror was
analyzed. Meanwhile, in order to evaluate engineering applicability of the brazed mirror, several environmental simula-
tion tests, including thermal-vacuum test, vibration test and anti-radiation teste were performed. The 1.0 m aperture
brazed mirror was designed as the structure of 6 fan-shape segments and 1 circular segment, which can be used for the
off-axis optical system. Using the proper brazing material and optimized joining structure, the 1.0 m aperture brazed
mirror was successfully fabricated. Then, the 1.0 m aperture brazed mirror was carried out optical machining, and the
surface figure RMS was 0.038) (1=632.8 nm), indicating stiffness of the brazed mirror is satisfied with requirements of
optic machining. The 1.0 m aperture brazed mirror was first performed thermal-vacuum test with the condition of 10
Pa vacuum and 15~25 centigrade Celsius temperature cycle, and the surface figure was 0.037A after the thermal-vacuum
test. Then, the 1.0 m aperture brazed mirror was performed vibration test, and surface figure was 0.036A after the vibra-
tion test. Finally, the brazed mirror of 100 mm aperture was carried out anti-radiation test in order to evaluate the effect
of high energy rays on the reflectivity of the brazed mirror, and the experiment showed that the reflectivity of the brazed
mirror after coating kept basically constant after °Co y ray radiation. The environmental simulation tests indicated that
the brazed mirrors have better engineering applicability.

Citation: Liu Y, Zhang H, Liu L M, et al. Preparation and environmental simulation tests of large-size silicon carbide
brazed reflection mirrors[J]. Opto-Electronic Engineering, 2020, 47(8): 200088
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