Opto-Electronic Engineering Art|C|e

% ¢ x 4

2020 5, 547%, £ 1088

DOI: 10.12086/0ee.2020.200317

®1.05 mBEURFELITS
&

é):] %19 [K/\/—;l‘\:‘?gi:l) gﬁﬁ%ﬁ%:l) %5 %19 X /
g, AR 2 = e

R EREE GO R EORBE S O R R AL SRR L, I AR 6102095
2 PR AT [ 2 [ AR DEE B st s [RIHLA ST, JEat 100094

HE: 47 01.05m TR EF A% LG TRARER, #E T 2FMMEEMUAR T OF 7 &, TEZTRH
BreE M B AT Ao BRI S, AT FEAET MRS IEEMEITFE. TR ES T 50kg, 25
F CEEE SRR, ERAEZFEIIETOE —MBEIEH 361.2 Hz, g dRETeH—MIERBEEIE N
501.9 Hz; £ 1 CHABRETNLT, RE&EFERELEZSHEY RMS 554 055 nm #2 0.10 nm; Z 454 30g
WH ik FEAER TR ARE A A 16.1 MPa, ¥#LikitER, RABMRARGE KRR BN T LE, BE
A RAG BB — N B K A A — B T RAES, EREE @R LA T LR, ARIED AN L 6 Rb—E0H,
BT ENHFBBARFOHRLZLE S LBEHR, JREHFo iR Rk EZTENG R, ETEREEHAFE LR
0.01MARMS, %37 S45AMFERN, IR T H5EHEEM,

LR FNRE A%, BEMRAE; Akt b

FESES: TH74 NEMRERD: A

Sl A, BER, KIEHE, & 01.05 m BERAELLIT 5 4], Sow 142, 2020, 47(10): 200317

Design and manufacture of ® 1.05 m lightweight
mirror

Hu Rui?, Chen Zhiqiang?, Zhang Yuanyuan!?, Xu Tao?, Liu Hong!", Zhang Jiyou?

'Lightweight Optics and Advanced Materials Center, Institute of Optics and Electronics, Chinese Academy of Science, Chengdu,
Sichuan 610209, China;

“Beijing Institute of Space Mechanics and Electricity, China Academy of Space Technology, China Aerospace Science and
Technology Corporation, Beijing 100094, China

Abstract: In terms of the strict design requirements of ®1.05 m primary mirrors for space optical systems, a new
method of structural optimization design of lightweight mirrors is proposed, and a platform for automatic simulation
analysis and optimization design of mirror structures are established. The primary mirror design with excellent per-
formances is determined based on that platform. The primary mirror weighs less than 50 kg, and the lightweight ratio
is close to the foreign advanced level. The first mode frequency of the primary mirror under the support of three
spherical hinges is 361.2 Hz, and the first-order non-zero free modal frequency is 501.9 Hz. Under the uniform
temperature change of 1 °C, the surface figures with defocus and without defocus are 0.55 nm RMS and 0.10 nm
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RMS, respectively. The maximum stress of the primary mirror under 30g overload acceleration is 16.1 MPa. All of
these performances meet the design requirements. The most advanced third-generation large-aperture mirror
processing technology is adopted, and the route is ultra-precision milling, CNC grinding and polishing of small
grinding head, and ion beam finishing. In order to ensure the consistency of surface shape test results no matter in
the space or on the ground, the gravity unloading technology, and surface shape error data post-processing tech-

nology are developed to eliminate the influence of gravity and other systematic errors. The final surface shape ac-
the rationality of the scheme.

curacy of the primary mirror reaches 0.011 A RMS, which shows a high precision optical surface and demonstrates
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Fig. 1 Lightweight mirror structure automated simulation analysis and optimization design platform
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Fig. 2 The mirror structure design scheme drawing
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Table 1 Lightweight structure of the ®1.05 m primary mirror mm
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Fig. 3 The surface error of primary mirror under horizontal optical axis self-weight. (a) Case A; (b) Case B
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Fig. 4 The surface error of the primary mirror with uniform temperature change at 1 °C. (a) Defocus included; (b) Defocus removed
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Fig. 5 Primary mirror modal analysis results. (a) First-order constrained modal; (b) First-order non-zero free modal
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The mirror structure design scheme drawing

Overview: ® 1 m magnitude space optical system has become the core strength in the field of domestic and overseas
space observation. It has become one of the hotspots in the field of space optical system development in China because
of its great demand and wide application prospect. Considering the launch cost, the space optical system should reduce
the structural weight as much as possible. As the core component of the space optical system, the space mirror has a
direct impact on the total weight of the system. Effectively reducing the weight of the reflector can greatly reduce the
system's launch cost. Under the premise of ensuring the surface precision, the space mirror is developing towards low
surface density. The lightweight of mirror has become an important research topic. Compared with developed countries,
China lags behind in the field of space optical remote sensing technology. The lightweight mirrors which have been ap-
plied in orbit with space optical systems have relatively small aperture and low lightweight level.

In terms of the strict design requirements of @ 1.05 m primary mirrors for space optical systems, a new method of
structural optimization design of lightweight mirrors is proposed, and a platform for automatic simulation analysis and
optimization design of mirror structures is established. The primary mirror design with excellent performances is de-
termined based on that platform. The primary mirror weighs less than 50 kg, and the lightweight ratio is close to the
foreign advanced level. The first mode frequency of the primary mirror under the support of three spherical hinges is
361.2 Hz, and the first-order non-zero free mode frequency is 501.9 Hz. Under the uniform temperature change of 1 C,
the surface figures with defocus and without defocus are 0.55 nm RMS and 0.10 nm RMS, respectively. The maximum
stress of the primary mirror under 30g overload acceleration is 16.1 MPa. All of these performances meet the design
requirements. The most advanced third-generation large-aperture mirror processing technology is adopted, and the
route is ultra-precision milling, CNC grinding and polishing of small grinding head, and ion beam finishing. In order to
ensure the consistency of surface shape test results no matter in the space or on the ground, the gravity unloading tech-
nology and surface shape error data post-processing technology are developed to eliminate the influence of gravity and
other systematic errors. The final surface shape accuracy of the primary mirror reaches 0.011 A RMS, which shows a
high precision optical surface and demonstrates the rationality of the scheme.
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