% 44 %510 3 a5k T 2015 4 10 A

Vol.44 No.10 Infrared and Laser Engineering Oct. 2015
ZEBANKARRFAREEUR AN A

& o, FFARL I R
(P BAF KA FHEEIME WA, F 4 K& 130033)

i OE. RN RSER TR ARG FHRRE MR RB T BT AR EEY R, A
TR BN EAEEEL, PR B FIRERBR B ERIALH X L1 H X
EEN K0 2R SR HAT T @ &ML, R bR A RS ARL AW ik, 3R T —AF
FHRFAX ZAB R IHEMH X, @i S X R LIESHB LT Rt
EALAT ,eam@HAF AL B A M2 %R, P PVIARKXT 63.2nm,

KW 2R RHER; H#2h

FE 4 %S V443.5; TH703 XHIREL: A XEHS: 1007-2276(2015)10-3043-06

Light-weight technology and its application of large-aperture

mirror in space camera
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(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: In order to reduce the influence of the mass and sizes of mirrors on the quality of space
camera, such as optics quality, mechanics quality and stability of thermal dimension of structure, the
necessity of lightweight for mirrors was introduced. Material selection, substratum’ s back shape,
lightweight pattern and support pattern were taken into account in the design of large-aperture mirror in
space camera. A new design with open bottom, triangular aperture was proposed based on theoretical and
finite element analysis. Through the rational design of support structure parameters, the surface accuracy
of mirror meets the needs of the imaging quality (PV <63.2nm) under environment of gravity.
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Fig.1 Angular resolution vs dimension of telescope system
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Tab.1 Performance and quality factors of rational materials for mirror

. . . Thermal Specific
. Elastic Specific stiffness . Thermal Integrated
. Density p expansion .. heat Thermal .
No. Material N modulus E Elp .. conductivity . . quality
/g-cm’ /GPa JGN-m-o-' coefficient « Am-K capacity ¢/ stability A/« (Elp)-(Ma)
em- . “(Ma
g /(10°9/K) J- (kg K)" P
1 Fused silica 2.19 72.00 32.88 0.50 1.40 750.00 2.80 92.05
2 Zerodur 2.53 91.00 35.97 0.05 1.64 821.00 32.80 1179.76
3 Be 1.85 287.00 155.14 11.40 216.00 1925.00 18.95 2939.40
4 Si 2.33 131.00 56.22 2.60 137.00 710.00 52.69 2962.53
5 SiC 3.20 400.00 125.00 2.40 155.00 650.00 64.58 8072.92
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Fig.2 Lightweight pattern of mirror
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Tab.2 Errors of mirror surface under different

thicknees
Thj;i‘less PV/pum RMS/pm /k]; e“;‘gz
200 7.610723e-005 1.810810e—005 7.415 5166e—5
300  5.828724e—005 1.317579e—005 1.000 7519e—4
400 5.869812e—005 1.264 538e-005  1.260 1733e—4
500 5.414886e—005 1.216236e—005 1.522 9122e—4
600  5.721821e-005 1.272027e-005  1.7821125e—4
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Fig.3 Cloud charts of surface shape results for different thickness
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Tab.3 Errors of mirror surface under different

support pattern

The number of support pattern PV/nm RMS/nm
3 2 380.092 507.1517
6 798.547 2 191.017 1
9 1025.923 216.972 4
12 1204.870 211.482 8
18 751.3899 177.365 6
24 439.405 3 62.172 4
36 211.350 1 24.758 7
48 103.34 20.359 8
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Fig.4 Finite element model of mirror component
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Tab.4 Errors of mirror surface under gravitational

distortion and 4°C uniform temperature rise

Mirror component RMS/nm PV/nm
X direction 5.76 37.68
Y direction 5.77 41.67
Z direction 11.85 61.98
4 C uniform temperature rise 7.78 41.9
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