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Fig.1 Secondary mirror adjustment mechanism
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Fig.2 Principle of the secondary mirror focusing mechanism
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Fig.3 Installation and adjustment of secondary mirror assembly
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Fig.4 High precision linear actuator assembly
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Clearance elimination .
L . design
design is required
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Fig.7 Adjustment mechanism accuracy test

3.2 FAETE
WA 8 r 7, S YK B 1 R K AT R Ol +128.6~
134.6 pum, 45 508 12 =+120 pm 4% 30 B 1 2k, Horp

150 pm
100 pm |

—o— Absolute position of secondary

50 um

0 pm
=50 um |
=100 pm -
=150 pm

P 8 AT

Fig.8 Adjustment range

Tt A s oA A 0 il FEL ML A R A B8, AR A R R B Y
EZCPOE A
3.3 fafHRE

WAL 9 Fr i, B AR A3 R R B I 248 X6 67 B, D\ AR b
SRR BEAEAS LB AR AR B JREATRE N 1Y
0 22 34 5 MR Fe KA Ry 1,937, il 2 VAR SR 1Y
TEPRATRENRL N T 37 By 2K

= Tilt of secondary mirror

[ -= Tip of secondary mirror
—* Root mean square of tip and tilt

9 BRI IBURHI 2

Fig.9 Inclination deviation of secondary mirror

34 REROE
WA 10 Fz, BEARBR R U I 4 0 07 ', AL AR
KRB TE S B IO o T LA HE OB O 1 1Y
SRS KA R 1.33 pm, T AL SR ZR N S um
MIER .
—+~ Eccentricity of secondary mirror (combine of X/¥)/um

- Eccentricity of secondary mirror (X)/um
-+ Eccentricity of secondary mirror (¥)/um

1.6 um
1.4 um
1.2 um AN Pan®
1.0 um WA AN 0l W
0.8 um v N gl A%
0.6 um of \0\,/ P ke
0.4 pm / s\ Py
. - )
0.2 pm
o hm S LT L LSS
~0.2 um & & &
204 pim Z T EeRAY Tt et
—0.6 um

10 YCBER -

Fig.10 Eccentricity of secondary mirror

202206354



s Gk A2

www.irla.cn

3.5 SHERBE
W 11 B, AR ARy 58 <AL IR FR A
B FAL SR T AN PR R PR N 4 2
U F ALV R DA, DA Sy B U R T 7 P Y
SEIAERE AT LA S R D ik B B R
10 um

=+ Change of secondary Poest¥ioierty

mirror position

Sum
Opm 5 & SRR
%@Q %@Q o8 é@Q %@Q
sum PN e
=10 pm

11 REEE

Fig.11 Adjustment step of the secondary mirror

W BT EEHLAL 2D FEAS B GBo fl) # A (2) 45
Hh A8 SR RE R S 2P B AR X T AP I 0 O 22, B
2B PR E IR 22 RMS 1Y 3 4% . S2ill i asi A i
8.732 um, K A4S, (30) 4 0.18 um.

iuf&xw
i=1

n—1
. S, HhrE A, BE o =S e SE A
iR VE R n VR T BT AS, R VR AR D R
30 H; d, FIHTT—> n B A SR 5 R

x3 )

4 & &

SCHVER X 1R 23 B AHBIL I B8 A B LG S A B L
R T A B — A BT A T K, R B R M S
W HRI N G R B GE &, Wit T &
K2 BN o A 28 TN R OE PR i M
PRIRE [ B, KRS 25 PR S S S U R L =
W2 HZE S L Rk B AR AL B A5 0y il HEAT T A
B, TR T PR HLAG g 7 00 J5 0 IR RS
TR 25 SRR R B VALY 7 2 #a 0 5 Y S
PAPRE R R F120 pm, Al i) 98 48 25 BEORS B2 47 0.18 pm
(3o fH), TREATREN KB P& 1.30 pm, 5K
R 1,937, BA PR B0 . R B i R A

{7 A 23 (] 1 S 0 TR A 2 U B i B 1 200K, i R
TERL -

S 3k

(1]

[10]

(11]

[12]

20220635-5

Qi Guang, Xu Yanjun, Liu Bingqiang. Lightweight structure
design for SiC/Al supporting plate of space mirror [J]. Infrared
and Laser Engineering, 2014, 43(7): 2214-2218. (in Chinese)
Tan Shuang, Liang Fengchao, Yan Nanxing, et al. Study of the
envelope space determination algorithm of the stewart platform
in the secondary mirror adjustment [J]. Spacecraft Recovery &
Remote Sensing, 2021, 42(1): 108-114. (in Chinese)

We Xin, He Hongtao, Wang Jianyong, et al. A measurement
method of parallel accuracy between the motion direction of the
focusing mechanism and the optical axis [J]. Spacecraft
Recovery & Remote Sensing, 2019, 40(5): 67-74. (in Chinese)
Liu Yuzhe, Zhang Xinyu, Zhang Qun, et al. Performance
evaluation and parameters optimization of space telescope
secondary mirror adjusting mechanism [J]. Infrared and Laser
Engineering, 2019, 48(12): 1214004. (in Chinese)

Tan Wei, Wang Dianzhong, He Hongyan, et al. Research on
high accurate refocusing method of GF-7 Camera [J]. Spacecraft
Recovery & Remote Sensing, 2020, 41(2): 78-86. (in Chinese)
Boian R F, Bouzit M, Burdea G C, et al. Dual Stewart platform
mobility simulator [C]/Engineering in Medicine and Biology
Society, 2004(2): 4848-4851.

Jiang Ziqing, Jia Jianjun. Development of focusing mechanism
for space camera [J]. Optics and Precision Engineering, 2018,
26(12): 2956-2962. (in Chinese)

Wang Kai, Yan Yong, Xu Minglin, et al. Design and experiment
of precision focusing mechanism of space remote sensing
camera with lightweight and miniaturization [J]. Infrared and
Laser Engineering, 2018, 47(12): 1218004. (in Chinese)

Zhao Hongchao, Zhang Jingxu, Yu Xiaobo, et al. Design and
optimization of stewart platform in TMT tertiay mirror sytem
[J]. Infrared and Laser Engineering, 2012, 41(12): 3336-3341.
(in Chinese)

Han Chunyang, Xu Zhenbang, Wu Qingwen, et al. Optimization
design and error distribution for secondary mirror adjusting
mechanism of large optical payload [J]. Optics and Precision
Engineering, 2016, 24(5): 1093-1103. (in Chinese)

Ma Xiaozhe, Li Chuang, Cheng Penghui, et al. A focusing
mechanism based on flexible hinges for space telescope [C]/
Pacific Rim Laser Damage 2019: Optical Materials for High
Power Lasers, 2019.

Ma Xiaozhe. Design and analysis of focusing mechanism for
secondary mirror of high resolution space camera [D]. Xi’an:
Xi’an Institute of Optics Precision Mechanics, Chinese Academy

of Sciences, 2020. (in Chinese)


https://doi.org/10.3969/j.issn.1007-2276.2014.07.032
https://doi.org/10.3969/j.issn.1007-2276.2014.07.032
https://doi.org/10.3969/j.issn.1009-8518.2021.01.013
https://doi.org/10.3969/j.issn.1009-8518.2021.01.013
https://doi.org/10.3969/j.issn.1009-8518.2019.05.008
https://doi.org/10.3969/j.issn.1009-8518.2019.05.008
https://doi.org/10.3969/j.issn.1009-8518.2020.02.009
https://doi.org/10.3969/j.issn.1009-8518.2020.02.009
https://doi.org/10.3788/OPE.20182612.2956
https://doi.org/10.3969/j.issn.1007-2276.2012.12.036
https://doi.org/10.3788/OPE.20162405.1093
https://doi.org/10.3788/OPE.20162405.1093

i E ok A2

%44 www.irla.cn % 52 %
Design and test of precision secondary mirror adjustment mechanism
for space optical remote sensor
Wu Yongjian, Yang Dawei, Sun Xin, Liu Yong, Hu Yongli
(Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing Institute of
Mechanics & Electricity, Beijing 100094, China)
Abstract:

Objective Vertical assembly and adjustment is one of the key technologies of long focal length and large aperture
space camera. In order to overcome the inconsistency between the on-orbit and the ground caused by gravity
change, material deformation and other factors, the secondary mirror adjustment has become one of the key
technologies to correct the defocus of the optical remote sensor and the relative position change of the primary
mirror and the secondary mirror. Precision secondary mirror adjustment technology has been widely used in high-
resolution space optical remote sensors. For example, Stewart platform 6-DOF parallel mechanism, which has
been successfully applied in Hubble telescope and reconnaissance camera, has the advantages of high accuracy,
high bearing capacity and high rigidity, and has the ability to precisely adjust the secondary mirror components in
the optical system. Many theoretical analysis and engineering research have been done on the 6-DOF adjustment
mechanism in China, but the 6-DOF adjustment mechanism also has the disadvantages of complex structure and
control system, high cost and relatively large weight. Therefore, it is necessary to develop a single-degree-of-
freedom secondary mirror adjustment mechanism with high accuracy, high integration and high reliability to solve
the inconsistency between heaven and earth faced by the current high-resolution space optical remote sensor.
Methods In order to meet the secondary mirror adjustment requirements of a high-resolution camera, a high-
precision and high-stability secondary mirror adjustment mechanism combining precision linear transmission,
flexible transmission and flexible support technology is built in this paper (Fig.1). The linear transmission device
(Fig.4) adopts the redundancy design of one main and one standby, and has precision position telemetry
capability. The flexible transmission hinge with transmission ratio of 10 I 1 is used for motion transmission.
Compared with the traditional gear reducer, it has the advantages of small impact, no wear, stable transmission,
and high reliability. At the same time, the flexible hinge has the advantages of high-precision transmission in the
range of small displacement. The secondary mirror uses bipod flexible support to design unloading force thermal
deformation, and ensures its flexibility along the optical axis direction (focusing direction) through three pairs of
120° flexible guide hinges.

Results and Discussions This set of precision adjustment mechanism has carried out adjustment precision test
after completing the mechanical environment assessment. The test is carried out according to 0.088° rotation of
step motor (corresponding theoretical step distance of secondary mirror 8.858 pm). The initial position of the
secondary mirror is zero. The secondary mitror is drived to complete the whole adjustment cycle of "zero
position—positive limit position—zero position—negative limit position—zero position". The adjustment
accuracy test results after the mechanical environment assessment of the optical and mechanical products of the

adjustment mechanism show that the mechanism has the ability to achieve high-precision adjustment in a large
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range (Fig.8-11), and meets the requirements of the on-orbit application of space optical remote sensor.
Conclusions In this paper, a set of high-precision secondary mirror adjustment mechanism is designed by
combining the flexible support, precision linear drive and flexible hinge transmission technology of the second
mirror. This paper first introduces the optical and mechanical structure, working principle and transmission link of
the mechanism, then describes the design of ultra-light secondary mirror assembly, high-precision linear actuation
and high-precision focusing transmission, and finally introduces the adjustment accuracy test after the vibration
test. The test results show that the measured adjustment stroke of the set of precision adjustment mechanism is
more than +120 um, the axial adjustment step precision is 0.18 pm, the maximum translation error of the
secondary mirror within the adjustment stroke is 1.3 pm, and the maximum tilt error is 1.9 ". It has the
characteristics of wide adjustment range and high adjustment accuracy, and meets the requirements of the
precision secondary mirror adjustment of the space optical remote sensor.

Key words: large aperture;  space optics;  adjustment mechanism;  remote sensor;  secondary mirror;

flexible support
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