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B ' RET —MZEAMEIAZEEREMEAEZ T T E, 3 R+ H 360 mmx560 mm
MR BRHTTEEARAET. UREKEE. WAAD, FEEENEE
NHWEENEITEE, URNEE N KITEAA, UEHIEE (Peak Value, PV) 3y 77
A8 (Root-Mean-Square, RMS) A K F 55 nm f 11 nm Jy & R A& #HAT T 4, HEEE
REGEENMEHAN 4kg RE T 1.72kg (HEHE N 80kg/m?) , REUBEDN X
WAUHETHEANEBHHER, AR EMAEENRAFHT TN A X ELCLERA,
HEHPV 4 5dnm, XAARTANM T ENRHAGEREY ., REFREREBE KT
FHETHERRRAGRESHET T HERREZ, HEXRABRZAEAER. &EX
FAANKRERGTET ZXZEATIRELA GG EATEFENERABRRANE MH*TT 2
. &RXW, B TREAHEINAZESGTELY, BAAALFERBERAANEERRK
T ¥, £ 70 Ip/mm & B & HE 0.735 B E 0.703, A HIEA K 4.4%, % ERITE K.
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Optimization of Pointing Mirror for Space Camera and
Analysis of Its Effect on Image Quality Degradation

CHEN Chang-zheng
(Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: An optimization method for designing a light-weight point mirror for a space camera is
proposed. The light-weight design of a point mirror with a size of 360 mmx560 mm for a space camera is
carried out. It is optimized by taking the mirror thickness, tip angle, face-sheet thickness, and rib-sheet
thickness as design variables, by taking the minimum weight as the design objective, by using the figure
peak value less than 55 nm and the root-mean-square value less than 11 nm as restraint conditions and by
reducing the weight of the whole mirror from 4 kg to 1.72 kg (its face density is 8.0 kg/m?). Then, taking
the minimum figure under the condition of microgravity as the objective, the supporting points of the
designed light-weight mirror are optimized. The resulting figure peak value is 54 nm. The deformation
and modality of the mirror under the condition of microgravity, rotation inertia and temperature change
are calculated and verified by using a finite-element analysis method. All of the results meet the require-
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ments for space application. Finally, the effect of the deformation due to the synthetic action of the space

environment on the image quality of the optical system is analyzed by using an opto-mechanical-thermal

integrated simulation method. The result shows that because of the deformation of the pointing mirror,

the modulated transfer function of the optical remote sensing system is reduced from 0.735 to 0.703 with

a reduction ratio of 4.4%, which meets the design requirement.

Key words: space pointing mirror; design optimization; lightweight; optical-mechanical-thermal inte-

gration analysis
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A1 BE R G R B & 2

BHEZE BA FS Zerodur K9 Be SiC
EE g/cm? 2.19 2.53 2.53 1.85 3.05
HERE E Gpa 72 91 81 287 455
LIk EH o 107%/C 0.56 0.02 7.5 11.4 2.5
TH K — 0.17 0.24 0.2 0.25 0.14
MESHE N W/(m-C) 1.4 1.64 1.2 216 155
% O J/(kg-C) 787 795 858 1925 821
E/p kN-m/g 32.9 35.9 32 155 149
WEERE N MW /m 2.5 82 0.16 18.9 62
A/ pC W/1073J 0.81 0.81 0.55 70.4 61.8

N aE MW-m/N 34.7 901 1.9 65.9 136
WoGHERE nm 0.2 0.3 0.7 2 0.7
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FEEME GTEIRELE T, SRIEK3) . 4
FESMTE® 7mm AR, EHEREEN PV E
/) (52.095 nm) , & 62 nm [ BRI HEFREL K.
2 ZEKXRFENEFNEERE
SRR N BRI 25, 48 3CEr X2
k2 BEB2INMARITG HAEAER

NO. d a D, D, PV RMS MASS
1 49 918 4 4 3716 711  4.39
2 39 723 4 4 4326 820 3.99
349 918 2 4 4955 870  3.30
4 49 1003 4 2 2528 519 326
5 45 918 2 4 4557 846  3.04
6 32 615 3 3 4670 831 276
7 43 875 3 2 3127 623 260
8 39 723 2 3 4961 924 246
9 50 1003 2 2 3317 6.01 220
10 45 918 2 2 3375 655 209
1139 723 2 2 4291 807 202
12 36 658 2 2 4550 863 196
13 31 549 2 2 5247 981 186
14 31 571 2 2 5009 954 185
15 30 571 2 2 4979 953 181
16 29 571 2 2 4948 952 178
17 28 549 2 2 5094 979 176
18 27 527 2 2 5248 1009 1.74
19 26 506 2 2 5410 1040 1.72

k3 BRML XIFEEE G EER

5= / PV_GY rms_GY

1 24 62.329 8.183
2 18 58.862 8.119
3 14 56.469 8.23

4 10 54.204 8.414
5 7 52.095 8.922
6 6 52.413 9.331
7 4 53.921 9.954
8 2 54.41 10.332
9 0 54.103 10.396
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B’E AE (H) ERIE

1 291
2 465
3 676
4 807
5 1020 ) f

k5 EXRBA AT HEROHER

75 T # 1 PV RMS
1 HE 1g 541 104
2 15 B 50 C 348 6.8
3 WEEREYE: 4.7 rad/s 379 8.7
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