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(a) M2%L (b) M1

K1 IRMOS M2BERIM1%E
Fig. 1 Rear surface of M2 and M1 mirror substrate of IRMOS
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Fig.3 The freeform mirror and the optical support structure of SCUBA-2
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Fig. 4 Raytheon 600 mm aluminium primary mirror
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Fig. 5 Sample mirror using 6061-T651 aluminium
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Table 1 Technical requirements and constraints
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Fig. 6 Design elements of special-shaped lightweight aluminum mirrors
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Fig. 7 Microstructure of Al 6061 and RSA-6061
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Table 2 Mechanical properties of materials
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Table 3 Material performance comparison
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Fig. 8 Integrated design of aluminum mirror and main bearing frame
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Fig. 9 Several installation schemes of aluminum mirror
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Table 4 Simulation results of ear piece unloading structure
[iihjZ
HARVR R 454 FA/Hz o nf
PV(%) RMS(%)
2 EER ZIn1g 0.206 3 0.046 8
- 1001
- B ER N2 HEHEA3400.015 mm 0.675 0 0.148 7
” S ZH g 0.2519 0.0279
1432
s ER N4 HREFL3400.015 mm 0.940 8 0.2223
2 EER2 Zh 1g 0.197 4 0.041 6
3 1668
S ER A2 HEREFL3400.015 mm 0.654 9 0.1155
AR K, 2 =632.80m.
#x5 EEBHIEMAESER
Table S Simulation results of mushroom unloading structure
R — " K ZEPower FPower
R TR G e,
PSR el PV(%) RMS(%) PV(%) RMS(%)
o~ HES T Zi 1g 0.367 0.112 0.093 0.021
. HREFL1400.015 mm 0.308 0.083 0.156 0.031
ERFL3400.015 mm 0.396 0.09 0.335 0.077
EEn ZI 1 g 0.069 0.021 0.042 0.008
- - e HERFL1400.015 mm 0.005 0.001 0.004 0.001
LIS IER A2 »
HREFL3400.015 mm 0.060 0.011 0.06 0.011
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Table 6 Lightweight design scheme of aluminum mirror
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Fig. 11 Lightweight design of a special-shaped aluminum mirror 6
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Table 7 Comparison of optical surface coating schemes
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Fig. 13 Picture of aluminum mirror surface shape detection
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Fig. 15 Roughness test data of mirror 6
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A New Structural Design of Special-Shaped Lightweight Aluminum
Mirror for Space Spectrometer

XIAO Dazhou, WANG Like, HAN Chao, LIU Yuxiang, HE Ruicong, CAO Qian

(Beijing Space Electromechanical Research Institute, Beijing 100081, China)

Abstract: The lightweight structure design of aluminum mirrors is a difficult problem in the complex optical mechanical
system with multi-channel detection, large number of mirrors, strict requirements for volume and quality, cross folding of optical
paths in space, short distance of optical components, and easy interference. Either traditional methods have high lightweight rate, but
the process is complex, or the lightweight rate is limited. For solving these problems, a new structural design method of special-
shaped lightweight aluminum reflectors for space spectrometer is proposed, which includes material selection, configuration design,
assembly deformation unloading, lightweight design method, surface coating, detection and error compensation, The experimental
verification of a space spectrometer shows that the lightweight rate of all aluminum mirrors designed by this method is better than
50%. The development and test of a space spectrometer show that all aluminum mirrors designed by this method can meet the
requirements of the system, and the lightweight rate is better than 50%.This method can be applied to various types of space opto-
mechanical systems involving aluminum mirrors, and can provide reference for aluminum mirror design and compact opto-
mechanical system design.

Keywords: space spectrometer; special shaped aluminum reflector; lightweight; opto-mechanical design

Highlights:

e A new light and small aluminum mirror structure design method for space spectrometer and mechanical systems is proposed.

e The configuration design, assembly deformation and unloading mode analysis, lightweight design method. The aluminum mirrors

of a hyperspectral remote spectrometer are designed to verify the effectiveness of the method.

e Different load-bearing structures and weight reduction designs are designed for different mirrors, so that the weight of this high

complexity and multi temperature spectrometer is reduced by 50% while the accuracy remains unchanged.
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