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Design for optical window in space environment simulation system

Xu Minglin, Xie Peng
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: As the interface with the outside space environment simulation system, optical window is an
indispensable important component parts. Space environment simulation system consists of two types of
optical window. Based on both the windows, in this paper, components structure scheme design was car-
ried out respectively. The strength theory formula was used to check the intensity of the window compo-
nents; The finite element analysis software was used to calculate the effect of pressure on the optical
glass surface deformation, and to analyze the impact of optical glass surface deformation results of the
optical properties of the optical window assembly. The results show that aperture @150 mm, the work
stress of optical window assembly is 0.82 MPa; Aperture @350 mm, the work stress is 3.28 MPa, meet
the strength requirements. Zemax software was used to calculate the wavefront error(PV)of aperture @150
mm optical window assembly is \/8; within @170 mm-@®190 mm band area, the optical path difference
of aperture @350mm optical window assembly is 0.8 nm; Both of them can satisfy the requirements of
optical performance. Therefore, this design meets not only the strength and reliability requirements, but
also the optical performance requirements, So the design of entire window assembly is safe and reliable.
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Fig.1 Space environment simulation system
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Fig.2 Structure of aperture diameter @150 mm optical window
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Fig.3 Structure of aperture diameter @350 mm optical window
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Tab.1 Material properties of optical window

Part Material Elastic mod_ulus Poisson ration Density_
/kg - mm-2 /kg -mm-3
Optical glass  Quartz 7459 0.167 2.2E-6
Frame plate 304 20000 0.288 7.9E-6
Gale apron XM31 0.09 0.34 1.49E-6
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Fig.4 Grid of aperture diameter 150 mm optical window

538 42 @150 mm S 24 112 B AR TE = 4]
Fig.5 Deformation of aperture diameter @150 mm optical window
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Tab.2 Top 10 Zernike coefficients of internal and

external surface on optical glass

Array Inner surface Outer surface
1 -1.909 4x10* 1.909 6x10*
2 1.5159x10* -1.5159x10*
3 1.0855%x10~* 1.0855x10*
4 3.6219x10* -3.636 9x10~*
5 -6.855 8x10~7 -6.834 1x10~7
6 -1.136 5x107° 1.1351x10"®
7 1.440 9x10~7 1.317 3x10~7
8 2.002 2x10°7 -1.837 7x10~7
9 -4.253 7x107® -3.614 0x10°®
10 -3.439 3x1077 3.326 9x107~7
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Fig.6 Grid of aperture diameter @350 mm optical window
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Fig.7 Deformation of aperture diameter @350 mm optical window
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Tab.3 OPD caused by internal and external surface

deformation of optical glass

D/mm Optical path length/mm OPD/nm
@170 162.000 021 6
PL74 162.000 022 0
D178 162.000 022 4
182 162.000 022 0 08
186 162.000 022 4
190 162.000 022
5 & &

SCHR AR RS [RIZRBD G2  AE iikT T
AN Z5H )7 5, a2 58 B RS A 20 2 B 41
AT TSREE T, TAE TR, 61428 P150 mm
(1) 6 7 2L 27 B 3 7= A 1R 13 F3 ok 0.82 MPa; 3
F142 2k 350 mm 114 5 T 41 6 4 B 388 7= A i 1 g

k1 3.28 MPa, 25 SR W] I 2O0 % 40 14 34 B A A
SREEFTEEME . SR BRIT A 3R A 43 B T I X0l
0 O YA IE B2 e, R Zemax BTG B
W% 42 A @150 mm B 6 5 1% 2% PV {E R
N/8 ;i i A B3 O 1148 350 mm [ i 4114 HE
@170 mm~@190 mm FRaF X 35 PN FE 25 0.8 nm, 1
W LG RE SR L BRI M A Tt SR W] L O
T AR e A nl S, R R s M g
BRSO AT 5,

S %2 Lk

[1] Pi Guiying, Shi Qingguo. Analysis on domestic and interna-
tional space environment simulation test conditions[J]. Envi-
ronmental Technology, 2013(4): 41-42. (in Chinese).
KRR, A PRE. B P Ah s ) B4 5848 100 5 2% 4R 4 BT 3],
WEEH AR, 2013(4): 41-42.

[2] Li Ming, Wu Qingwen, Yu Fei. Optimization of optical win-
dow glass thickness based on the thermal optical analysis[J].
Acta Optica Sinaica, 2010, 30(1): 210-213. (in Chinese).
B, R, AR BT RO R OL S E D B R
BERIARAL[]. Stsf2#d), 2010, 30(1): 210-213.

[3] Zhao Lixin. Thermal -optical evaluation to optical windows
of space camera [J]. Acta Optica Sinaica, 1988, 18 (10):
1440-1444. (in Chinese)

RASTFT . A5 ARBLGS & 0 HOE RN D] b F R,
1998, 18(10): 1440-1444.

[4] Chen Hua, Shi Zhenguang, Sui Yongxin, et al. Thermal de-
formation analysis of optical surface caused by environmental
temperature during intrferometric testing [J]. Acta Optica
Sinaica, 2011(1): 135-139. (in Chinese)

BRAE, S iR, BEACHT, 5. T UB AN b PR IR 5 | A Y R
T 2RI 43T [3]. J62%24 4, 2011(1): 135-139.

[5] Bames W P, Jr. Some effects of aerospace thermal environ-
ments on high-acuity optical systems [J]. Appl Opt, 1966, 5
(5): 671-675.

[6] Pearson E, Stepp L. Response of large optical mirror to ther-
mal distributions[C]//SPIE, 1987, 748: 215-228.

[71 Noreen Harned, Robert Harped, Ramsey Melugin. Alignment
and evaluation of the cryogenic corrected infrared astronomi-
cal satellite (IRAS)telescope [J]. Opt Eng, 1981, 20 (2):
202195.

[8] Pepi J W, Barnes W P. Thermal distortion of a thin low ex-
pansion fused silica mirror[C]//SPIE, 1983, 450: 40-49.

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

¥ ) BOARE . AR A G FE o ARt 35

' [9] Yang Jiawen, Huang Qiaolin, Han Youmin. Application and 55.
simulation in fitting optical surface with Zernike polynomial [10] Shan Baozhong, Wang Shuyan, Niu Hanben, et al. Zernike
[J]. Spacecraft Recovery Remote Sensing, 2010, 31(5): 49- polynomial fitting method and its application [J]. Opt
55. (in Chinese) Precision Engineering, 2012, 10(3): 318-323. (in Chinese)
MESC, BIGHK, WA R, Zerike £ 10 A L4 624 2 1 1A L, FCE, FHOE, 5. Zernike 2G5 E K
JE v I B 0 B3], MRAR Rl 5@ 8k, 2010, 31 (5): 49- N3], 6% K% TRE, 2002, 10(3): 318-323.

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

