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Design of large-aperture variable-direction mirror for

space remote sensing camera

Zhang Fengqin, Dou Lianying, Pang Shoucheng, Li Qinglin
(Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China)

Abstract: With the development of remote sensing technology, new camera requires large aperture variable-
direction mirrors with higher accuracy. A new type of back support structure with highly stable support design
was proposed for 1 000 mmx>700 mm large-aperture variable-direction mirror. Compared with the conventional
design, it had the characteristics of small volume envelope, light weight and wide adaptability. The mirror was
made of ULE, and the light weight form of honeycomb layer was used. The mirror was mounted by means of a 3-
point ball joint flexures system on the back. The stress in reflector assembling and the influence of thermal stress
on the orbit was eliminated. It reached the stress-free support of the mirror. The problem of consistency between
the ground test and in orbit was solved through the design of gravity unloading structure and the optimization of
the unloading force. The simulation analysis shows that the surface RMS is 0.0064(4=632.8 nm) at 90° mirror
testing direction. The surface RMS is 0.0051 at 75° camera imaging testing direction [ . The surface RMS is
0.0114 at 45° camera imaging testing direction II. The first order modal of the component is 83.2 Hz, which has a
high design stiffness and can meet the requirements of the mechanical environment during launch. This large-
aperture variable-direction mirror design can meet the needs of new types of remote sensor and can provide a
reference for the design of similar mirrors.
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Fig.1 Different direction requirements of the mirror
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Fig.2 Mirror component model(hidden backplane)
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Tab.1 Comparison of mirror material parameters

Material  Elastic modulus/GPa  Poisson ratio  Density10%/ kg-m?

Linear expansion coefficient 10%/°C

Thermal conductivity /W-m™-K!

Zerodur 90.2 0.243 2.53
ULE 67.6 0.17 221
SiC 350 0.21 321

0+0.05 1.64
0.015 1.3
2.64 146

83 R B BT
Fig.3 Naked mirror model
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HATBHFHINIEE

R 2 RERENSH

Tab.2 Structure parameters of mirror

Dimension d/mm t,/mm ¢,,/mm ¢,/mm D/mm Mass/kg

1 000 mmx700 mmx90 mm 60 4 6 6 40 30.5
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Fig.4 Naked mirror stiffness
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(a) Support structure model
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Fig.6 Support structure model of mirror component
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(b) Component local schematic
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Fig.7 Mirror unloading force direction
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Fig.8 Schematic diagram of mirror unloading structure
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Tab.3 Simulation analysis results of the component

G HAH
Result G, G, At AS5pm A5 um
RMS/A 0.006 0.004 0.002 0.001 0.007
Displacement/pym 13 15 5 5.85 15
AGI") 22 3 03 064 2.4
S BR LA R = R B T 2, HoAA g 1Y

SR JRE R AT A 1) W o S R AR B 1 T A
2R 1/602, B G AEGAIKF- I H EAERTT RMS {E
7 6/1 0004, 5% 1l fie KA B M 13 pm; I H L I B FI5R
WA A fr LR AE AR, RMS B8 7/1 0004, 5% 1
KRALEE R 15 pm, 47 H A3 T 45 R B AIE 73X fl = fU Bk B
SCHEEEA RAF IO EEAE Y, RIS 2 U B TR A A R
B R A RS K .

A 1l T 2R R B B, T RS BRI AT ) 12K
XoF V) R 0 T EE T . 7R AT e
) BB R TR T, DA Y R 22 RMS /N A LAk
Hro ANE IO E# ) Bk 2 R WLIE 9, T = &
LI 10,

FE 457 i iE, 585 RMS T8 Yk 0.0114, 2 4t
R A Y de K E RS N 15,1 pm, B T KR L R 87
TE &SRS 30 gad 2, S 58 58 19 &5 K T
7.14 MPa, Z5 ¥ 1) d5c K0 3 8 120.9 MPa, 2t/ T 44
BRI 7, 5 e S5 A8 58 B2 22 A TR T 0.25 1Y
BOR . TE 75005 i B, SO B RMS TET AL 0.0054, [
S5 % T Y e KBS R 14.2 pm, BRI A KA % R
78", 6 AR SR B S A K

T3 b, MR A 2 RS O A5 R W, U
YRS 83.2 Hz, JRAH 47 i F-3h, Wi 11
e, 6T 2R A B e A BT NI EE, RE A6 2 it
SIS

20200008-5



s hg kAR
% 7H www.irla.cn % 49 %

Fo9=18.6 N
FI=20 N

F8=20 N : 65N

F2=9.2 N F7=9.2N F2=39N

F3=182N F6=182N  F3=6.6N F6=6.6 N

(a) 45° Fii
(a) 45° direction (b) 75° direction

LN R A I SR R IR S

Fig.9 Optimization results of unloading force in different directions
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Fig.10 Optimization results of RMS in different directions
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Fig.11 Modal result of the mirror component
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