353 oA 453 ol A
Yose) ik B IR £8

Joumnal of Deep Space Exploration

—Fh R REALA R UR R RS BT

HRA, ZaA, % 8, NFM, KmE ¥ H#

A New Structural Design of Special-Shaped Lightweight Aluminum Mirror for Space Spectrometer
XIAO Dazhou, WANG Like, HAN Chao, LIU Yuxiang, HE Ruicong, and CAO Qian

TELR B BE View online: https:/doi.org/10.15982/j.issn.2096-9287.2022.20220012

T BEROGER E H A SCFE

Articles you may be interested in

A R BORRE H B SO s AR

Scientific Objectives and Design Concepts of Onboard Spectrometers for Main Belt Comets Exploration
WA TRMAAR(HYES0) . 2019, 6(5): 488-495

HARTOR KA E RS B S

Structural Design and Optimization of @5 m Diameter Large Arrow Body

AR AR (TPIE30) . 2021, 8(4): 380-388

B — AR H BREOE M SR T st

Schematic Design of New Generation of Lunar Corner Cube Retroreflector with Single Aperture

A FMZER (PHESC) . 2021, 8(4): 416-422

DRAS RN B0 i G R

Laser Induced Breakdown Spectroscopy Detector in Deep Space Exploration

A TRIFR(ThIE0) | 2018, 5(5): 450-457

BT 8 R A2 B IR B lE R

Digital Manufacturing Technology of Special-shaped Pipe of Launch Vehicle Based on Point Cloud Measurement
DRASTRMZAAR(ThE0) . 2021, 8(1): 34-41

KPR o B ] WAL RGBT

The Optical System Design of the High—Resolution Visible Spectral Camera for China Mars Exploration
GRAE TR (TPEESC) . 2018, 5(5): 458-464




9% B S5 mOE RN

2022 410 H

¥ R (R

Journal of Deep Space Exploration

Vol.9 No.5
October 2022

L AP T e ey

HRA, T34, & 8, NFH, OWHE ¢ f#
AEntE LB AT, A6 100094)

B OE: PP ZEERN, A BRERE, OGEAETET XS, RNGEHEL, HRETEHNEIWIA
Gh iR RSB A BT AR R TR, T A R S D O R R R R R A st Tk, BRI
MBI S EE T BRI k. REPE . MR IS S BB . 06 562 1) 6 AR il A iR 563k
RH], FIRA SO BB A R BIS RE 2 RGTEREZR, HEBARMMLT50%. ACTHETEM T KRR
ZRER A EDHLRSE, O R R BB AR SO R GRS

R AEDGIELG FIBRRA G RRA SUHLE M RT

hESHES: TH74 HERFRIRRD: A
DOI:10.15982/j.issn.2096-9287.2022.20220012

NEHS: 2096-9287(2022)05-0542-09

SIAME: MM, ERL R, S MR R R D R AT B A BT[] IR RN AR O

B, 2022, 9 (5): 542-550.

Reference format: XIAOD Z, WANG LK, HANC, etal. A new structural design of special-shaped lightweight

aluminum mirror for space spectrometer[J]. Journal of Deep Space Exploration, 2022, 9 (5): 542-550.

51 8

RGN AR T LLSE IS YR 7r 2 & Ek
SERERRW, NMAHTHE (BFFE. K. K
f, RIESE) W, MR CEFERIGRA. YIS E
EEKAM S W, R/ Dy, &
W vEAl ) A, o A I R R R B B T 1)
B85 F P 0t e A 2 i R DAIR KPR 75 SR A W7 42
Tty PR DG SRR B R85 e, ARG i i
TR RIS BN Wt 73, 6 o B AW e

9 SE B v R E RN M B S, R A T AN R
K ZIBIEBRN, I AT B 6 23 HE A6 1 e
BlERE, DA RIFFEN, XHFEHOLY R
NEZ, MR Z M I, v 7R AR
HES TS, e~ msad ), FRDGEOL
SEELAR N AT A DGR O AL R G
I, AT RE R R AR SO B S A R A T, RIBR — L
FROCFTOAA, BTE RO EARINE ., RS
GRS AR RS SR, AGRIEBCR RS
SHUMETY, Bk HEERK-REE S EaE. 2
H R BE . S SCHEEE)D 1By — Ml oL 4h
¥, R B SO B R LA AR L, B R
B, PFRE L. TEREGER, SEtimm. @1

Wk H A 2022-03-01  f&£[EI HIH: 2022-08-03

SR e SN, N T % S AR AR
JEHGE TR R G, BOH AR R FE AR [ %
KIPDEFERG . BRI BEHARZLIDCH R a4
BRI 2 —, BT WIS 5.

Hbx b, REL BONEEE KRBT G R
SR HARFIR AT FAE20H 2090448, £ — L
g G B R ok O & T 46 R FH AR SO
Bi. Yoder"'fEH #Z/E (Opto-Mechanical Systems
Design) Hxt HUHAN &8 St 88, Rl R A &R
BERORTE . I LA 22 R T AT T A . 2003436
WiF RS R A F (Swales Aerospace) k£ 32 [
EZMiZWiRR (National Aeronautics and Space Administra-
tion, NASA) XikfE5H ti7H 0> (Goddard Space
Flight Center, GSFC) il 7 H T35 E R R L H
(Kitt Peak) “MFHF/R” (Mayall) 24442 HFx
Y4 (Infrared Multi-Object Spectrograph,
IRMOS) . IRMOSH AL, 74 55 #5 R H
606 18R & e HiliE, R &R RN TR, Hik
KGR 51284 mm x 264 mm. IRMOSH) J 5f 52 il
JEARHB H1456061-T6S 1%, M1 FT/R .

AR 426061-TOS 1 T SR G RRAR, 7] LASRTS
FEARI I K R B, T8k G 5 X4 J8 I 77 AH G IR s 1
= ESDL S % 50 fa 5e il 1 Bridde L (Mid-course



%50

MR, 55 — RSB R A DG O SO B gk et 543

Experiment Satellite, MSX, 1996 F & &) 4 ML
PIRIT-TIAT A JOEAHHLS BV IS A 4Rt 27 5 Gt X i
PA R A ANR S T EWISE (Wide-field Infrared Survey
Explorer, 20094 & 4f) A6 R4 1IHFH]. WISE
R TOAN BB N3N TH 8 3 R & e M RERSA-
6061, FLLTAETEIOK (-263°C) AUEBRIRIAS.

(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. 6 Design elements of special-shaped lightweight aluminum mirrors
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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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Table 4 Simulation results of ear piece unloading structure
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1432
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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.
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Table S Simulation results of mushroom unloading structure
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LIS IER A2 »
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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

K +0.21742
E wave

-0.09595
108

~  mm

& 14 Yreren A
Fig. 14  Surface shape data of mirror 6

15 56 IS L A e
Fig. 15 Roughness test data of mirror 6



%5 W HORAE, & — bR R A D A S S B A A B 549

3 & i (7] HKARIE, MR GO SR B R S A D). ZL5MEER, 2015,

37(10): 814-823.
2'_( Iﬁ“ Xj‘ E/% ﬁ[ﬁ*ﬂa /% gﬁ EF' !f‘El &%ﬁ %ﬁ éld:l: T/‘:J '&ﬁ‘ 1] ZHANG D G,FU T Y. Development and application of aluminum

B, PR T — PR R g a e B R R B AL S I B mirrors in optical system[J]. Infrared Technology,2015,37(10) : 814-

VLN ey ey AL = 2 23.

BT FIRHZ T E AT R 5 B R R AR 823 )

o R N [8] A0, 2%, WA, 5. RIRMAE & Bt 500

i B SO IR RIS S T

P ELSIR TR E . AR B A,

Y N e N NI A A )

PisseiE, T, B, K, JusEmimy . R LIQC,LIL,TAN S N,ZHANG H W. Design and analysis for large

ﬂ%f;‘f\ )_L{EI*%):E\ %Eﬁ%%:@‘l‘i ﬁ’é%‘éﬁ(ﬁ&%iﬁ o é}: aperture primary aluminum mirrors[J]. Journal of Applied Optics,

AR R BRI, ot R 2 TR 2016,37(3):337-341.

9 S = > [91 il 52/, WL A% oA T 0 S S BB R 2 R B IR [, 6

A RBEAR T AR AR RS, i T W R, A O - : ’

. e . bR LA S s P e 2 A T.%,2020,47(8):200147.
N 2K~ : S ) . [H 3 .
7|T T Z;E%Qf */(‘U}_L HRSE E‘Eﬁﬁ%%ﬁlljjﬁla 1>( XU C,PENG X Q,DAI Y F. Current status of ultra-precision
s = A — S e D

iH . ifiﬁlﬂﬂ“?xH%EMME%%E%EEE’\H@%#M%@ manufacturing of complex curved aluminum reflectors[J]. Opto-

B FEEIRENIRE . Electronic Engincering, 2020,47(8) : 200147.

[10] OHL R G,BARTHELMY M P, WAHID Z S, et al. Comparison of
% % j[ ﬁk stress relief procedures for cryogenic aluminum mirrors[C]//Proc. SPIE
4822, Cryogenic Optical Systems and Instruments IX. [S. 1. ]: SPIE,

[1] PAUL R, YODER J. Opto-mechanical systems design, third 2002.
edition[M]. Third Edition. Florida, Boca Raton: CRC Press, 2005. [11] NEWSWANDER T, CROWTHER B, GUBBELS G, et al. Aluminum

[2] OHL R G,PREUSS W, SOHN A, et al. Design and fabrication of alloy AA-6061 and RSA-6061 heat treatment for large mirror
diamondmachined aspheric mirrors for ground-based near-IR applications[C]//Proc. SPIE 8837, Material Technologies and
astronomy[CJ//Proc. SPIE 4841, Instrument Design and Performance Applications to Optics, Structures, Components, and Sub-Systems. [S.
for Optical/Infrared Ground-based Telescopes. [S. 1. ]: SPIE, 2003. 1.1: SPIE, 2013.

[3] RISSE S, GEBHARDT A,DAMM C,et al. Novel TMA telescope [12] PENG J L,YU Q,SHAO Y J,et al. The improvement of surface
based on ultra precise metal mirrors[C]//Proc. SPIE 7010, Space roughness for OAP aluminum mirrors: from terahertz to
Telescopes and Instrumentation 2008: Optical, Infrared, and ultraviolet[C]//Proc. SPIE 10623,2017 International Conference on
Millimeter. [S. 1. ]: SPIE, 2008. Optical Instruments and Technology: IRMMW-THz Technologies and

4 ATAD-ETTEDGUI E, PEA KE T, MONTGOMERY D,et al. L.

4l GU coc ONTGO eta Applications. [S. L. ]: SPIE, 2018.

Opto-mechanical design of SCUBA-2[C]//P dings Vol 6273,
plo-mechanical cesign o [CY/Proceedings Volume [13] HILPERT E,HARTUNG J, VON LUKOWICZ H, et al. Design,
Optomechanical Technologies for Astronomy. [S. 1. ]: SPIE, 2006. . X ) .
additive manufacturing, processing, and characterization of metal
[5] VUKOBRATOVICH D, SCHAEFER J P. Large stable aluminum i X . L .
mirror made of aluminum silicon alloy forspace applications[J]. Optical
optics for aerospace applications[C]// Proc. SPIE 8125, Optomechanics . .
Engineering,2019,58(9):092613.
2011: Innovations and Solutions. [S. 1. ]: SPIE, 2011.
[6] CHIOETTO P,DA DEPPO V,ZUPPELLA P,et al. The primary fEE A

mirror of the ARIEL mission: study of thermal, figuring, and finishing
treatments and optical characterization of Al 6061 samples
mirrors[C]//Proc. SPIE 11116, Astronomical Optics: Design,
Manufacture, and Test of Space and Ground Systems II. [S. 1. ]: SPIE,
2019.

HRAA978-), B, TRENT, 3 BERF 58 )5 1] - 25 (38 K 38 YL 45 44
Wit

AR L - b 502 AL H AT 72T (100094)

1% (010)68114857

E-mail: xiaodz2002@163.com


http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003
http://dx.doi.org/10.5768/JAO201637.0301003

550 PRI 2 (R3S 20224F

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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