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Structure design of 1.2 m high lightweight
primary mirror blank
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! Chang Guang Satellite Technology Co., LTD, Changchun, Jilin 130033, China;

?School of Mechanical Engineering and Automation, Northeastern University, Shenyang, Liaoning 110819, China

Abstract: How to further improve the lightweight ratio of high-performance meter-level space mirrors is one of the
core issues in the field of large aperture optomechanical structure design. In this paper, a primary mirror with a
clear aperture of ®1200 mm was developed for a high-resolution space camera, which achieves the goal of
designing area density below 40 kg/m’. The SiC mirror blank was prepared by gel injection molding and reaction
sintering process. The state of the optical axis being horizontal was taken as the testing state to simplify the
supporting structure. Novel lightweight measures such as an alternate arrangement of main and auxiliary stiffeners
and the addition of lightweight holes on vertical walls were used inside the semi-closed mirror blank. The distributed
datums were used to replace traditional datum settings, which reduces the machining area of datums by more than
80% and improves machining efficiency. Through parametric modeling and integrated optimization, the optimal
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structural parameter combination of the mirror blank was determined, with the final design weight of 46.9 kg. The
RMS value of self-weight deformation of the mirror blank is only 2.87 nm under the state of the optical axis being
horizontal, and its free fundamental frequency is 602 Hz, indicating that the primary mirror proposed in this paper
has good dynamic and static characteristics. After machining, the measured weight of the mirror blank is 51.3 kg,
about 9.4% overweight, and the facesheet is about 1-mm thicker than the design. At present, the mirror has already
been polished to RMS A/8 (A=632.8 nm) of surface shape accuracy, with no obvious print-through effect observed.

Keywords: space optics; mirror; lightweight; large aperture; reaction bonded silicon carbide
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Fig. 1 Optical path of the coaxial three mirror camera
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Table 1 Physical properties of main materials for the large aperture mirror
Property RB-SiC Beryllium ULE Zerodur

Density p/(kg-m®) 3050 1850 2210 2530

Elastic modulus E/GPa 340 287 67 91
Poisson ratio py 0.2 0.08 0.17 0.24
Thermal conductivity //(W-K"-m™) 155 216 1.31 1.64
Thermal expansion coefficient a/(10°-K") 2.50 11.4 0.03 0.05

Specific stiffness E/p 111.5 155 30.3 36
Thermal stability A/a 62 18.9 43.7 32.8
Comprehensive performance (E/p)-(Ala) 6913 2939 1324 1180
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Fig. 2 Structure form of the primary mirror
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Fig. 4 Measures for th higher lightweight mirror
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Fig. 5 Print-through effective of the primary mirror under polishing
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Fig. 6 Parametric modeling of the primary mirror blank

A2 AHIUEGE B R (B4 mm)

Table 2 Parameter ranges and optimization results (unit: mm)

No. Parameter Limits Original Optimal Ultimate
1 Face thickness/T1 [4, 8] 6 4.282 4
2 Bottom thickness/T2 [3, 6] 5 4.419 4
3 Cone thickness/C1 [6, 12] 10 8.154 10
4 Main-stiffener thickness/R1 [3, 6] 5 4.143 4
5 Sub-stiffener thickness/R2 [3, 6] 5 3.246 3
6 Outer wall thickness/O1 [3, 6] 5 3.440 3
7 Central window thickness/O2 [3, 6] 5 3.222 3
8 Peripheral thickness/R3 [3, 6] 5 3.203 3
9 Blank height/H1 [125, 150] 130 146.660 142.5
10 Trimmed height/H2 [100, 125] 100 115.325 125

BRI R AR B A Ba it 1 s ML RS TG, 1535
WA EAIAR s SRAROC AL ] B R FH 22 B st A5 550k
(multi-island genetic algorithm, MIGA), Z& ¥k HAE
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Al AR R R N ] 7 o, eI SRR ) 58
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Ly UHEFL Y RE R PR TR A1 A5, AT Rk B
1A H #EASE RMS {8 4 2.87 nm, Z8IE = W5 8(a)
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Fig. 8 Mechanical properties of the primary mirror blank. (a) Gravitational deformation nephogram; (b) The 1% order free vibration mode
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Fig. 9 Manufacturing results of the primary mirror blank. (a) Mirror blank; (b) Centroid position test
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Fig. 10 Optical processing of the primary mirror. (a) Polishing with the robot arm; (b) Interferogram
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Structure design of 1.2 m high lightweight
primary mirror blank

Yuan ]ianl’z, Zhang Lei', Jiang Qiful, Pei Siyul, Gong Xiaoxue™”

Ausxillary-stiffner/R2 Back/T2 (half removed)

Outer wall/O1 Trimmed height/H2
Face/T1 Blank height/H1

Central window/O2
Parametric modeling of primary mirror blank

Overview: How to further improve the lightweight ratio of high-performance meter-level space mirrors is one of the
core issues in the field of large aperture optomechanical structure design. In this paper, a primary mirror blank with a
clear aperture of ®1200 mm was developed for a high-resolution space camera, which achieves the goal of designing
area density below 40 kg/m’. The SiC mirror blank was manufactured by gel injection molding and reaction sintering
process, with the classical back three-point support scheme together with the testing state of the optical axis being
horizontally adopted to simplify the supporting structure. Novel lightweight measures such as an alternate arrangement
of main and auxiliary stiffeners and the addition of lightweight holes to vertical walls were used inside the semi-closed
blank, which further improves the lightweight ratio of space mirrors with the sandwich structure. Distributed datums
were proposed to replace the traditional datum setting, which reduces the machining area of datums by more than 80%
and improves machining efficiency significantly. A robot arm is used for polishing in optical processing, and the local
surface deformation is 47 nm in PV value under the typical polishing pressure of 1.77 kPa, with the mirror surface of 4
mm thick and the spacing between stiffener ribs of 81 mm. A parametric model of the mirror blank was built with shell
elements, which contains ten variables including stiffener thickness and blank height, and integrated optimization was
carried out so as to determine the optimal combination of structural parameters, using the multi-island genetic
algorithm. The final design weight of the mirror blank is 46.9 kg, with corresponding area density of 38.8 kg/m’. The
RMS value of self-weight deformation of the mirror blank is only 2.87 nm with its optical axis being horizontal, and the
free fundamental frequency is 602 Hz, indicating that the mirror blank has good dynamic and static characteristics,
which satisfies the design requirements of space cameras. After machining, the measured weight of the mirror blank is
51.3 kg, about 9.4% overweight than the design, and the facesheet is about 1 mm thicker, mainly caused by the
inhomogeneity of the molding process. During the centroid position test of the primary mirror blank, the deviation
between the measured and theoretical centroid position is about 3.7 mm in the axial direction and 2.0 mm in the radial
direction, which can be compensated through adjustment of the supporting structure and has limited influence on the
optical performance of mirror assembly. At present, the primary mirror blank has already been polished to RMS A/8
(1=632.8 nm) of surface shape accuracy, with no obvious print-through effect observed. The lightweight structure
scheme and optimization method of the mirror blank proposed in this paper can provide an important reference for the
design of similar space mirrors with the characteristics of large aperture and low areal density.

Yuan J, Zhang L, Jiang Q F, et al. Structure design of 1.2 m high lightweight primary mirror blank[J]. Opto-Electron Eng,
2023, 50(4): 220225; DOI: 10.12086/0ee.2023.220225
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