H21 % Hom 6o K LR Vol.21 No. 6
2013 4 6 A Optics and Precision Engineering Jun. 2013

XEHS 1004-924X(2013)06-1488-08

SEMEH 1 m 0@ RS HA4EHET

(LPERMFR KELFRENRT WEF AN, EH K& 130033;
o RATRAS ALETEYR.FH K& 130012

FE A 1 m DR RUNAL R S 58 0 B 2K L B T — BT i SO B8 2 MR S 85 0 . AR R 4% R R L S8 U
HAALE RSB E A, DL A TR RO B RS B rms {E 4 B AR BREL AR T — A E R D
SRR AL T B = R S SIC A ) S ST BR A R L R BAR HT — A B M S A R . X R B AE S K SR
AT IEAT 2 R ARG I 5 e S 4 T RS B ) SR M S R S BT T R A AT HR B TS e R A B T RS B Y 25 4
SR W AT EE AL By A R AR R AT T BRIT AT . 4 B A SR R WL OB K T 5 T # e VR T R S BT
JEHKG B rms 355 5.6 nm, 4 CHAPRTF TOLF G EIE rms 2 2.7 nm, G4 4 — B B A 8508 8 192 Hz, &5, iF
17 B3 S A A 1 3l g 2 el as 36 W0 45 S 5 5 20— B [ A 330 Dy 197 Hz, 5 K0 W B J) 2 181 MPa, BariiE T4 R 7T
SIMTIHERGPE . A9 B S5 R R R B AL 58 A R R T R AR R

Xk $# ORE ARG RSB R A RT3 A F MK

FEDES:V447.3 X HERFRIRED : A doi;10. 3788/0OPE. 20132106. 1488

Structural design of 1 m diameter space mirror
component of space camera

XU Hong' ,GUAN Ying-jun**

(1. Changchun Institute of Optics» Fine Mechanics and Physics ,
Chinese Academy of Sciences, Changchun 130033, China;
2. School of Mechatronic Engineering , Changchun University of Technology ,» Changchun 130012, China)
* Corresponding author , F-mail : gyj5460 @sohu. com

Abstract: A novel flexible support structure for the 1-m primary mirror of a space camera was intro-
duced. By taking the material selection, diameter-thickness ratio, number and positions of support
points, and lightweight forms as design variables and the surface figure accuracy rms of the mirror un-
der the self-weight as objective function, a kind of back opening SiC space mirror with triangle light-
weight holes and three-point support on the back was designed optimally. Then, the flexible support
structure was designed for the primary mirror. Through sensitivity analysis, the parameters of flexi-
ble support structure that effect on rms of mirror were found when its optical axis was on the horizon-

tal state. By using finite element method, the dynamic and static stiffnesses as well as thermal charac-
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ter of the primary mirror subassembly were analyzed. The results indicate that surface accuracy of the

mirror has reached rms 5. 6 nm and 2. 7 nm under gravity perpendicular to optical axis and a uniform

temperature rise of 4 C, respectively, and the fundamental frequency of the primary mirror subas-

sembly is 192 Hz. Finally, dynamics test was performed in the laboratory, experimental results indi-

cate that the first-order natural frequency is 197 Hz and the maximum stress is 181 MPa, which veri-

fies the accuracy of FEA. Obtained results satisfy the requirements of space application.
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Tab.1 Material properties of primary mirror

W o/ HEEEE SAREL KR A

R (gemm *) E/GPa  W/(m+K) (107°+K™) n
SiC 3.10 400 155 2.4 0.18
Zerodur  2.53 91 1. 64 0.05 0.24
ULE 2.21 67 1.31 0.03 0.17
WAO% 2,19 72 1.4 0.5 0.17
Be 1.85 287 216 11.4 0.043
Al 2.70 68 167 22.5 0.33
Si 2.33 131 137 2.6 0.42
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Tab. 2 Material properties of support structure

B o/ WEEE  SRRB KR MR

o (gemm *) E/GPa  W/(m+K) (10 °« K1) "
4J36 8.3 150 14.7 2.4 0.25
TC4 4.4 109 9.6 8.9 0.29

SiC/Al - 3.0 213 140 8.2 0.20
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Fig. 1 Light-weighting structure of primary mirror
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Fig. 2 Primary mirror subassembly
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Tab. 3 Errors of mirror surface under gravitational distortion

T PV/nm RMS/nm 6./  6,/("
1g X 68.7 5.6 0 0.03
H Y 70.4 5.4 0.03 0
Vil Z 234.1 54,2 0 0
4CH AT 24.6 2.7 0 0
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Tab.4 Modal analysis result of primary mirror subassembly
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Fig. 7 Primary mirror subassembly on the shaker
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