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Design of airtight optical window and protector for aerial camera
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Abstract: To ensure the imaging effectiveness of an aerial camera, an airtight optical window and a protec-
tor are designed in this study. The design process for the optical window is analyzed. Considerations,
such as optical materials, optical thickness, pressure, and air-tight installation options, for the design of
optical windows are discussed. To ensure that the optical window remains protected in the non-working
state, a light window protector with a double hatch structure is designed to miniaturize the system. The
stability of the airtight optical window and light window protector is tested by conducting simulation analy-
sis and experiments. The system can work appropriately and exhibit good performance under an atmo-
spheric pressure of 2 and in high- and low-temperature environments. The overall thickness of the optical

window protector is 37 mm. The one-way time is 7.7 s, indicating a small opening or closing interval.

s B8 :2022-01-10; &84T H #5 : 2022-03-02.
HEWEB:HRARFERESFFIL T H (No. 61905242) ;

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



%5 20 ]

AR, A LA A BL DA o O R P B A B 2437

The related analysis method ensures that the optical window design process is guided and makes the optical

window design process more effective and reliable. The scheme proposed in this study provides a reference

and technical support for the design and protection of aerial camera optical windows.

Key words: aerial camera; optical window; airtight; protector; double hatch
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Fig. 1 Design process of optical window and optical window protector
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Tab.1 Common window material parameters

. Elastic modulus ) , ) Density Linear expansion coefficient ~ Thermal conductivity
Material Poisson's ratio . !
/GPa /(kgem*) /(107°°C) /(Wem sK™")
Fused silica 75 0.17 2200 0.55 1.4
BK7 79 0.21 2530 3.5 1.2
ZnS 74.5 0.29 4080 7.6 16.7
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Fig.2 Schematic diagram of airtight optical window

structure
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Fig.4 Driving scheme of hatch structure
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Tab. 2 Optical input indexes

Item

Index

Optical band
Surface accuracy requirements
Transmittance
Maximum flight altitude
Pressure condition

Temperature condition

400 nm~800 nm
Equal thickness difference =105 nm
>97%
8 000 m
2 atmospheres

—55C~+707C
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Fig.5 Schematic diagram of airtight optical window as-

sembly structure
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Tab.3 Optical window materials and size parameters

Ttem

Parameter

Window name
Window material BK7
Optical aperture

Window size

Thickness

Hyperspectral camera window

145 mm X 159 mm
170 mm X 184 mm

15 mm

Visible light camera window
BK7
92 mm X 128 mm
118 mm X154 mm

15 mm
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Fig. 6 Finite element mesh model of airtight optical win-

dow assembly
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Tab.4 Material attribute of optical window Assembly

. Elastic modulus
Material

. , .
Poisson's ratio

Linear expansion coefficient

Position

/MPa /(10 °K )
BK7 79200 0.21 7.5 Window
Silicone Rubber 11.52 0.4 690 Rubber band
7A09 71000 0.33 23.6 Mounts and window glands
331 #E&rxLa JE 2% (AR E A 2 . Aot H

I AR AR EOR N T 2 A AR R AR Dk
SR R E T AR AZ R 258 0.2 MPa, 2
H )7 1) 2R G T ) 7 1), 43 BT O B 2E 4 A
g [ F #3501 0. 2 MPa J& 22 3t [5] 4 Fi F 8978 &
15 B AR 7 43

M A T TARAR A B, €47 & B S 8 000
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Tab.5 Simulation analysis results of window glass and structure under different working conditions

Load Hyperspectral camera window

Visible light camera window

case Maximum stress/MPa

Maximum deformation/mm

Maximum stress/MPa Maximum deformation/mm

a 7.55 1.53

b 3.19 0.30

10. 94 1.61

2.97 0.27

FL7 ] WOGARBL ST 1308 114 43 A 45
Fig.7 Analysis results of visible light camera window

glass
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Fig. 8 Pressure test of optical window
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